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Abstract

In the UK, up to six million tonnes of potatoes preduced annually and more than half of
this production is stored for the fresh market &aold processing. To maintain potato
quality from sprouting, chlorpropham (CIPC) is amly used as the main sprout
suppressant in commercial potato stores. Questians been raised about the safety of
application of this compound in potato stores duetreasing concern about the toxicity
of its residue and degradation products mainly I8rdaniline (3-CA) on the potato tubers.
To date, there is no realistic replacement of CBCinhibiting sprouting of potatoes
destined for processing. Searching for alternativ@scrucial particularly as most
supermarkets demand foods free of chemicals. Theousp inhibitor 1,4-
dimethylnaphthalene (1,4-DMN) can be a suitabléagment for CIPC as it is naturally
occurring in the potato and currently used in memyntries in the world. To introduce this
compound to the UK for commercial use, many ingagibns must be conducted to ensure
its safety for human health and the environmenis Htudy intended to focus on the
determination of the residue level of 1,4-DMN, ClR@d its metabolite 3-CA in potato
and water samples, hence developing analytical adsthwvas required as a preliminary
step.

In this study, three HPLC systems were used foidathg a separation method for the
analysis of 1,4-dimethylnaphthalene and its intestandard 2-methylnaphthalene (2-
MeN). Under the same chromatographic conditionisthalse systems achieved excellent
separation on a Jones-ODS column (Hypersil ODS 53266 mm x 4.6 mm) at ambient
temperature isocratically using 70% acetonitrilenasbile phase at a flow rate of 1.5
mL/min, 20 pL injection volume, a run time of 10mates and a detection wavelength of
228 nm. All three systems showed high precision#&S< 1%), good linearity of the
calibration curves at two concentration ranges206-0.1 and 0.2 — 1.0 pg/mL) of each
1,4-DMN and 2-MeN with coefficient of determinati¢R®) of the regression line of 0.990
or more. The best system SpectraSERIES UV100-aufadsa system was selected for the
remainder of this research as it offered lower @alfor both the limit of detection (LOD)
(0.001 — 0.004 pg/mL) and the limit of quantificeti(LOQ) (0.002 — 0.013 pg/mL) for
both compounds.

A second isocratic reversed phase HPLC-UV method #eveloped and validated for
analysis of 1,4-DMN and 2-MeN using methanol asilasstute solvent for standards and

mobile phase preparations to overcome the problem global shortage of acetonitrile
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during 2008 — 2009. The best separation was adthiesethe Phenomen8XODS-2 250
mm x 4.60 mm 5 um Sphereclone) column using 90%amel as mobile phase at a flow
rate of 1.5 mL/min and a 6 minute run time. The hndtwas validated producing good

precision, linearity and low values of LOQ (~ 0.Q0d/mL).

A straightforward and rapid isocratic HPLC-UV matheas developed and validated for
the simultaneous analysis of both CIPC and itsatgjion product 3-CA using methanol
as a solvent and propham (IPC) as an internal atdndo achieve high resolution of the
three compounds, the chromatographic conditionsctsd were: Phenomerfexolumn
(ODS-2 250 mm x 4.60 mm 5 um Sphereclone), 62% ameihat a flow rate of 1.5
mL/min, detection wavelength of 210 nm and a 15ut@rrun time. Method validation
confirmed good precision, acceptable linearity lvd values of LOD (~ 0.01 pg/mL) and
LOQ (~ 0.04 pg/mL) for CIPC and 3-CA. These progbB#LC methods are suitable to
apply for the determination of the studied compauindooth potatoes and water samples.

Quantitative laboratory analysis of 1,4-DMN, 2-MeRIPC and 3-CA in water solutions
showed acceptable standard preparations in watiergood precision and linearity and
lower values of LOD and LOQ close to those obtaimedrganic solvent preparations. An
adsorption study of 1,4-DMN and 2-MeN on laboratargre showed that glass materials
were acceptable to use whereas there was a caasielerdsorption to plastic containers
and filters. In contrast, 3-CA showed no adsorptiato any of the laboratory ware tested.

CIPC also showed good recoveries with most of theenals tested.

In reviewing the literature, no suitable publishedethod for the simultaneous
determination of CIPC and its metabolite 3-CA intgto peel was found. A simple
analytical method was developed based on methaadirsy overnight extraction coupled
with HPLC-UV for analysis of CIPC and 3-CA in patasamples using IPC as internal
standard. The method was validated and the caézulianit of quantification was 0.01,

0.05 and 0.02 pg/g in whole tuber for CIPC, IPC ardA respectively. The efficiency of

the method reported recovery values of up to 900bdbh CIPC and IPC through spiking
organic potato peel at three spiking levels of @&, and 80 pg/g. By contrast, 3-CA
recoveries offered very low values of 10 and 23%atcentration levels of 8.0 and 80
Kg/g respectively and no peak was detected avtherllevel of 0.8 ug/g. This method was
compared with the routine Soxhlet-GC method usedtte analysis of the residues of
CIPC in potato samples at the University of Glasglaboratory and gave results

approximately 23% higher residues of CIPC. This masthod at this stage was suitable to
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extract CIPC in 20 potato samples daily. Neverg®lan interesting finding was that
despite the low recovery of 3-CA it was identified treated potato samples. This
unanticipated low recovery is noteworthy and intésathat the actual residue may be

much higher.

A comprehensive study was made to improve theaetability of 3-CA from potato

samples investigating parameters including potatoety, extracting solvent, extraction
method, spiking procedure and different treatmefuis potato samples. All these
experimental trials showed no recovery improvemetitas four possible mechanisms
were suggested for poor recovery of 3-CA includuadatilisation, reaction with potato

components, enzymatic activity and ion exchangeedl|to pH.

Under the laboratory work experimental conditions, measurable loss of 3-CA by
volatilisation was found. No reaction of 3-CA wasuhd to occur with other potato
components under the experimental conditions uskeavever, the Schiff base reaction
and/or hydrogen bonding may link the amino grou@-@A and some functional groups
abundant in potatoes (e.g. carbonyl, quinone). $hidy also showed a potential role for
enzymatic activity in the poor recovery of 3-CA.ikfs antioxidants or acidity to inhibit
this enzymatic activity was shown to enhance theaetability of 3-CA. Binding of 3-CA

to potato peel substrates by ion exchange is Upld®the pK value of 3-CA is lower than
the pH of the potato. However, using sulphuric acaimbined with methanol as an
extracting solution improved the recovery. Optimgsthe extraction process showed that
using a mixture of 1 M k60O, in 50% methanol as an extracting solution for @drk at 50
°C improved the extraction recovery of 3-CA up /@ This final extraction method was
applied for the determination of the residues ahi@IPC and 3-CA in commercial potato
samples which had received many applications ofCClghus reporting high residue
values. Additionally, potato samples were takemfrdifferent UK stores for the storage
season 2010 — 2011 which had received CIPC apipiicat high and low temperature
(450 °C and 270 °C respectively) fogging. Analysighese potato samples showed no
significant difference between high and low tempeeafor the first application of CIPC
for both residues of 3-CA and CIPC. A significamtrease in both compounds was found
between the first and second application at 27héEating a possible build up with time

during storage.
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Chapter 1: General Introduction

1.1 Potato production

Food requirement is increasingly becoming a majoree of concern to the people of the
world. Potatoes are one of the major food cropshfonan consumption, either fresh or
processed. They are ranked globally as the fouajhles food after wheat, rice and corn in
terms of agricultural area, high yield and adapitgbto a wide range of climatic
conditions and soil varieties (Ghazavi and Houshima2010; Topcu et al.,, 2010;
Burlingame et al., 2009). Potatoes were first ddioated about 8000 years ago in South
America and taken to Europe and the UK through Bpaoonquerors in the sixteenth
century (Lutaladio and Castaidi, 2009).

Over time, globally the potato has been undergamgjor changes and increased
production. According to the Food and Agricultureg@nisation (FAQO) statistics, the four
biggest potato producing countries in the worldknags in 2009 were China, India, the
Russian Federation and Ukraine which produced appedely half of the total world
production 330 million tonnes (FAO, 2011). Potatoduction in the developed countries
Is more dominant than developing countries, wheduire improvements in potato variety
and disease management. However, potato consumpioexpanding gradually in
developing countries because potatoes are a witats of food, employment and income.
Additionally, potatoes can be an alternative fostlyocereal crops because they are not a
globally traded commodity (Lutaladio and Castal09). Potatoes are a food energy
supply of carbohydrate and protein and in additfey are a rich source of some vitamins
including C, B, thiamine, riboflavin and niacin. Moreover, theyntain appreciable levels
of minerals e.g. phosphorus, magnesium, iron, @adcpotassium and various antioxidants
(Burlingame et al., 2009; Lutaladio and Castai@D®). The actual amount used for human
consumption is 60% of the total production with thenainder going to a range of various
other uses such as animal feed, seed tubers, igdusd pharmaceutical products (Topcu
et al., 2010; Lisinska and Leszczynski, 1989; Sworahe, 2001).

Potatoes are a seasonal crop and best cultivatadrinderate climate, their varieties are
categorised according to their season, planting lfmrglesting. In the UK, potatoes are
planted most often in April and tend to be harveésteSeptember. Most soils are suitable
for growing potatoes and they often need moist slightly acidic soil. However, high
acidity of soil may result in small tubers. Potaarvesting depends on the variety and the
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area grown. Commercially, in the UK there are agjnately six million tonnes produced
each year, most intensively in the east of Engldine,west midlands and south east of
Scotland (Cunnington, 2008; Sonnewald, 2001).

1.2 Potato sprouting

After harvest, most of the potato tubers are stdoech short or longer time until being
used or distributed to the markets. In reality, sh&rage period is sometimes longer than
these potatoes spend in the ground. In the UKidfad consumption of potatoes including
imports is up to 5.5 million tonnes annually. Ardud million tonnes are stored,
approximately 2.5 million tonnes go to the fresbhdamarket while the rest are processed
(e.g. crisps and chips). The types of storage ifiereht between fresh sector and potatoes

for processing (Cunnington, 2008).

To store potatoes to the correct quality specificat specific storage conditions are
required i.e. control of humidity, ventilation, #aplaces and temperature, to maintain
good quality of the potato tuber cultivars. In coermal stores, potatoes should be stored
at between 90 — 95% relative humidity to preveetihdrying out; in addition, ventilation
conditions are required to avoid anaerobic redpmaand fermentation. Dark places are

important to control the formation of green skirdaprouting.

Potatoes for processing purposes have to be shb@edelatively high storage temperature,
usually between 8 and 10 °C. High temperature ptes@prout development, tuber
dehydration and shrinkage. Whilst low storage tepees (2 — 4 °C) can delay sprouting
they can also produce potato tubers with a higlhirmctation of reducing sugars (glucose
and fructose), thus changing the potato taste afalicduring frying (Pranaitiene et al.,

2008; Teper-Bamnolker et al., 2010; Kyriacou et2009).

Sprouting of potatoes is a serious problem causisges in stored potatoes, it is associated
with undesirable changes including weight losss lo nutrient value, softening, a high
susceptibility to bruising and enzymatic discoldima and increased levels of naturally-
occurring toxicants, e.g. glycoalkaloids (Lu et, &012; Teper-Bamnolker et al., 2010;
Mondy et al., 1993; Mondy et al., 1992b). Most loése changes are perhaps due to the

evaporation and transport of nutrients as energytire sprouts.

Breaking the dormancy period (particularly endodamoy) in the potato tubers begins

sprouting. Dormancy can be defined as a complex osephysiological states and
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conditions in which plants respond to a series tesses such as drought and
overwintering by entering a state of growth susmengCampbell et al., 2008; Teper-
Bamnolker et al., 2010). In general, the dormarenaal is a period when no bud growth
can take place. While endodormancy is specificadlfined as the dormancy period when
sprouting can be controlled under genetic and enwmental factors during growth and
storage such as temperature, irrigation and ligposure (Teper-Bamnolker et al., 2010;
Sonnewald, 2001). Generally, potato sprouts ogtlorig term storage in particular during
winter storage. Therefore, extending the dormarmyod during storage is necessary to
control and prevent early sprouting.

1.2.1 Methods for sprout control

Sprout control of potatoes tubers is an importastié for potato storage to maintain the
desired quality of harvested potatoes. Sproutingpofatoes during storage can be
suppressed by several approaches including ussgfdormancy cultivars, controlling of
some factors in the stores (e.g. low storage teatye, light and irradiation) or employing
chemical treatment (Daniels-Lake et al., 2011; rail990; Mondy et al., 1992b). Brief

details of the approaches for sprout control arersarised below:

Storage at low temperaturecan delay sprouting but there is the possibibtgaonvert the
starch into reducing sugars due to disequilibriuetwieen starch turnover and the
glycolysis rate (Sonnewald, 2001). This can causdesirable changes in taste with
increasing sweetness of the tuber. In additionravbing can occur due to Maillard
reactions that take place when tubers are procassed-rench fries and chips at high
temperature (Saraiva and Rodrigues, 2011). Thergfyocessing varieties require a high
quality of storage performance. Desirable propgmieprocessing potato varieties are long
natural dormancy under sprout promoting temperafard °C) and low reducing sugar
accumulation under low storage temperature conmdit(a 10 °C) (Kyriacou et al., 2009).
Storing potatoes at low temperatures is costly@my suitable for fresh pack and organic

production systems.

Breedingis a natural method to control sprouting throughiedoping varieties with longer
dormancy. However, it is a long procedure and puvasg the quality characteristics is
required (Singh and Kaur, 2009).

Light has an effect on sprouting. It does not influethedormancy period, the effect is

only on the growth of the sprouts when the dormasdyroken (McGee et al., 1987). It
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was suggested that storing in the dark at 5 — 80ldd prevent sprouting for a long period
of time (6 months) (Sengul et al., 2004). In aduhtia dark place is essential to avoid
developing a green skin on the potatoes which scdue to chlorophyll accumulation and
the formation of glycoalkaloids; these have a tefiect on humans (Sengul et al., 2004,
Haase, 2010). For this reason, it is recommendedittthe green skin off potatoes before

consumption.

Irradiation has been recognised to be a means of sprout tiohitsince the 1950s in
numerous countries. The use of gamma rays or l@nggrelectrons can effectively inhibit
sprouting of potato tubers through penetrationhafsé energies into the surface of the
tuber where the eyes of the potato are locatedaAidges of this treatment are long-term
suppression of sprouting and little chemical residbereby promoting potato safety.
However, using irradiation to inhibit sprouting very limited in the potato industry, it
necessitates many facilities and is costly, whiektricts the use of the technology. In
addition, it is known to affect the molecular safepotato starch leading to degradation of
the polysaccharide chains. Many countries restrsthg this method on food (Lu et al.,
2012; Kleinkopf et al., 2003; Todoriki and Hayash@04; Saraiva and Rodrigues, 2011;
Kumar et al., 2009).

Hot water dip and vapour heat treatmentat temperatures ranging from between 50 to
80 °C for various durations can be used for spsopipression of potatoes when applied at
the storage emergence stage. However, longer daraéis undesirable side effects causing
discolouration of the skin (Rama and Narasimhar86).9

Controlled atmosphere(CA) storage is a combination of high €&nd low Q and can be
used to control sprouting during storage. Soméefdisadvantages of this method are that
it requires an airtight room that is costly and sm=midark coloured fries and perhaps
increased tuber disorder and diseases (Singh and RA09; Khanbari and Thompson,
1994). Moreover, controlled atmosphere storagelatvdevel of Q below the respiration
requirement can be responsible for increasing subat causes the formation of
acrylamide during potato frying, acrylamide is a¥m human carcinogen (Gokmen et al.,
2007).

Pressure processingis a new technique under experimental study to cont@tiato
sprouting including the use of pressure treatmastsa non-thermal and environmental

friendly method which is chemical-free. This methedncreasingly interesting for food
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processing and preservation methods. However, dafsing in potato stores and being
commercially available for processing, more ingetions are required regarding the
physiological and metabolic processes of the inbiieffect on potato sprouting (Saraiva
and Rodrigues, 2011; Oey et al., 2008).

Chemical suppressantsare applied to the potato tubers during the stonaeyiod. The
tubers show significantly less tuber sprouting thantreated tubers. Generally, treated
potatoes have smaller weight losses compared witteated potatoes (Pranaitiene et al.,
2008).

1.2.2 Chemical sprout inhibitors

Using chemical sprout suppressants in combinatitin &ppropriate storage management
is the most effective way for successful long tetorage and to inhibit sprouting of potato
tubers, without reducing the storage temperatureommercial stores. Ideally, a potato
sprout suppressant should have several propefteggse(-Bamnolker et al., 2010; Vaughn
and Spencer, 1991; Beveridge et al., 1981a) thmbeasummarised below:

» Effectively inhibit sprouting under commercial sige conditions and at low

dosage rates.

» Suitable for use on potato tubers and have mininetfect on their quality (i.e.

weight loss, sugar content, appearance).
* Low toxicity and its residues do not cause probléoisumans.
* Rapidly broken down and environmentally friendly.

A range of sprout suppressing chemicals will becuised in this study. Some are
commercially available, others require more ingdion to be used in potato stores and

some others have been banned.

1.2.2.1 Commercially used

Chlorpropham
Isopropyl-N (3-chlorophenyl carabamate) commonlyown as CIPC, has been used
traditionally and is the most effective sprout s@gsant registered and currently used.

CIPC has been used for about half a century in cential potato storage in numerous
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countries in the world (Rentzsch et al., 2012; ltuak, 2012; Verhagen et al., 2011;
Daniels-Lake et al., 2011; Teper-Bamnolker et2810; Boylston et al., 2001).

1,4-Dimethylnaphthalene (1,4-DMN)

It was discovered as a new sprout inhibitor inlte 1970s and known as the trade name
DMN. It is available commercially, mainly as 1,4$® in the USA, Canada and New
Zealand but not in UK to date. Other isomers ofirilaglene have also been shown to have
good sprout suppressant properties and maintairqulaéty of treated tubers (e.g. 1,6-
DMN, 2,3-DMN and 2,6-diisopropylnaphthalene (2,6°Dl)) (De Weerd et al., 2010;
Beveridge, 1979; Lewis et al., 1997).

Propham

Isopropylphenylcarbamate or IPC is a herbicide fitbin same class as chlorpropham. It
was applied commercially to prevent sprouting, iydstcombination with chlorpropham,
but currently its application has been banned istncountries (not supported in the EU)

due to ecological concern.

Maleic hydrazide

1,2-Dihydropyridazine-3,6-dione or MH is an old Ww&hown synthetic plant growth
regulator and sprouting inhibitor (Mamani Morenoakt 2012) which is widely used on
storage potatoes in the USA, Europe and Canadauied commercially as a formulation
of the potassium salt and does not affect the greljd and quality, and does not produce
phytotoxicity symptoms in the foliage (Caldiz et,aP001). Application of maleic
hydrazidediffers from other sprout inhibiters, as it is d@pglin the field and penetrates the
leaf and is translocated into the tuber flesh. filme of spraying is delicate and must be
performed before defoliation. The timing is criti@nd unfavourable in the UK due to
poor weather conditions/hich reduce the uptake of the chemical by the maicle,
resulting in reduced tuber size (Duncan et al.,2)9R is employed to control potato

volunteers which are left in the field after haives

Carvone

A common monoterpene chemical extracted from cayaead, it has been shown to be an
efficient potato suppressant and decreases thefraterobial activity on the potato tuber.
It is commercially used as a sprout inhibitor ines@l countries, for example Holland and
Switzerland; however, the mechanism of sprout i is not completely clear. Due to

being a natural product derived from plants, caevean be commercially exploited in
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organic potato stores and is expected to leave tittno residue. However, it is costly and
can affect the potato taste (Rentzsch et al., 2882]i et al., 2010; Oosterhaven et al.,
1995; Teper-Bamnolker et al., 2010; Kleinkopf et, &003; Hartmans et al., 1995).
Currently, there is no use of carvone in the UK.

Ethylene

Ethylene gas is effective at suppressing potatousimg, however it affects sugar
metabolism and often produces undesirable fry col@arkening) when used alone
(Daniels-Lake et al., 2011). It was postulated thatactivity of sprout inhibition of ethylene
depends on the concentration and the duration mdsexe. Ethylene was registered for use
in Canadian stores in 2002 as a sprout controdlgent during long term storage of potatoes.
In the UK, it was launched to be used at low temmjpees in commercial stores according to
conditional approval in 2003 to become an acceptadpplacement for chlorpropham. The
application cost is cheaper than using chlorpropharaddition it is safer to humans. Its use
for the fresh potato market was a major step faywhowever, more study is required to
understand the principle effect of ethylene forgilde use for the processing market, in
particular, quality issues, such as sugars andrexteed more investigation (Prange et al.,
2005; Daniels-Lake et al., 2005).

H20,

Hydrogen peroxide is being evaluated to controletudormancy and sprouting by
physically damaging the growing sprouts or bud®iteethey can extend. Applying a high
dose and several applications of hydrogen perowde be sufficient to prolong the
dormancy period and inhibit sprouting. Another atdage of hydrogen peroxide is that it
has some antimicrobial activity which is benefiagfalsed in potato stores (Kleinkopf et
al., 2003; Bajji et al., 2007). Hydrogen peroxideapplied to control sprouting in organic

potatoes in some countries where its use is pethitt

Tecnazene

Initially tecnazene was used as fungicide and tatrob sprouting of potato seeds when
applied as a dust or granular formulation. It hasrbused in commercial potato stores in
the UK for over 40 years but there is concern abtsautresidue in soil and water. In
addition, it's unacceptably high toxicity contriledt to it being banned 10 years ago (not

supported in the EU).
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1.2.2.2 Other sprout inhibitors

Essential oils(e.g. caraway, peppermint, spearmint, clove oil &nthrt Block)extracted
from plant materials have been used as environidhen@endly sprout suppressant
alternatives to CIPC that can inhibit early sprogtbf potato tubers. Many experiments
illustrate the potential of thermal fogging withmhessential oil as a potato sprout inhibitor
that has a negligible environmental impact. Howeiterhigh volatility can be one of the
disadvantages for application in potato stores (Eeh et al., 2012; Kleinkopf et al., 2003;
Teper-Bamnolker et al., 2010). It was recommendedide a suspension of dill and
caraway seed oil using 22 — 25 g/tonne of oil arkl-22.5 L/tonne of water as natural
inhibitors to treat organic farming potatoes beeatiey leave behind little or no residue
(Pranaitiene et al., 2008).

Volatile monoterpenesare natural constituents which are easily obtaiinech essential
oils like 1,8-cineole and can suppress sprouting-cineole may be used as a potential
alternative to currently used synthetic potato bitbrs as it possesses several benefits; its
high volatility at cool store temperature, weakitity, widely available (eucalyptus oil 85

—95% v/v) and low cost (Vaughn and Spencer, 1991).

Ozoneis a powerful oxidiser that is damaging to livigsue. It can also prevent potato
sprouting but is not commercially used, althougis isupposed to be another alternative

for CIPC because of its rapid decomposition anddogt (DanielsLake et al., 1996).

Aromatic aldehydes and aromatic alcohols Several natural volatile compounds
possessing low toxicity were identified which initdal sprouting when applied to potato
tubers as volatiles or directly as emulsions suehsaicylaldehyde, benzaldehyde and
cinnamaldehyde. They were shown also to inhibitgh@wvth of fungi and maintain the

potato tubers firmness (Vaughn and Spencer, 1993).

1.2.3 Sprout inhibitors of interest in this study

In this study, the focus will be on chlorprophamiRC) and 1,4-dimethylnaphthalene (1,4-
DMN) because they are effective chemicals availablemercially for sprout control and
quality management. Additionally, increasing consdnave been raised recently regarding
the toxicity of CIPC, acceptable residue level otafoes and safety of CIPC application in
potato stores (Campbell et al., 2010; Teper-Baneradk al., 2010; Boylston et al., 2001).
This was confirmed by whole diet studies by the U8&d and drug administration (FDA)

which indicated that CIPC is considered to be onth@ most abundant pesticides in the
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diet of adults. In addition, it comprises 90% oé tpesticide residues found in potatoes
(Daniels-Lake et al., 2011). Therefore, severadraltives have been suggested for the
replacement of CIPC (Kleinkopf et al., 2003; Pramgeal., 2005), including 1,4-DMN
which has been used in the USA since 1996 andralsome other countries (De Weerd et
al., 2010).

In the UK, CIPC is the main pesticide used as awgpsuppressant. Due to the concern
over CIPC, 1,4-DMN could be an alternative to CIRCcan be applied commercially
either alone or as a supplement to CIPC (Campbell.e2010; Kleinkopf et al., 2003).
1,4-DMN is particularly effective in achieving optal results in stopping sprouts on

potatoes previously treated with CIPC when compai¢id CIPC alone.

1,4-DMN is a naturally volatile chemical producedpotato tissues and other plants and
therefore there are fewer toxicity issues (Meighakt 1973; Beveridge et al., 1981a).
MacLeod et al. (2004) reported that there was ndeexe that 1,4-DMN is naturally
occurring in potatoes and they thought that thilygalic aromatic hydrocarbon (PAH)
can be absorbed by plants from root and aerial ®xgo(MacLeod et al., 2004). But, it
was confirmed that approximately 50 ng/kg of 1,440Mas found to be present naturally
in potato (Harry Duncan, personal communication)rdviewing the literature, it is clear

that 1,4-DMN is not a reproductive toxicant.

The potential of 1,4-DMN as a sprout suppressani,diDMN has been reported by
Beveridge et al. (1981a). However, it was found thaingle application of 1,4-DMN was
insufficient for long term storage of potatoes tishand further applications were required
to control sprouting (Beveridge et al., 1981b). &all studies have been carried out
comparing the efficiency of the sprout suppressamtsDMN and CIPC. Lewis and co-
workers (1997) showed that two thermal fog applicet of DMN at rates of 200 and 300
mg/kg were equal to one application of CIPC at r22emg/kg and all treatments of
diisopropylnaphthalene (DIPN) at a rate 300 mg/fkgcontrolling sprouting in Russet
Burbank potatoes during ten months of storage dtfit@n, DMN either applied once or

twice resulted in lower residue concentrations otaio tubers than CIPC.

1,4-DMN along with the sprout suppressants carvame ethylene were compared with
CIPC for their efficiency to prevent sprouting, @sdable fry colour and sugar content of
potato tubers (Kalt et al., 1999). It was found thlathese treatments suppressed sprouting

although CIPC offered the best sprout suppresditimeaend of 25 weeks storage, whereas
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the amount of sprouting was greater in the 1,4-Divitdted tubers. DMN was applied in
this study at a recommended commercial storagel I&@& mg/kg). Higher rate and

repeated applications would undoubtedly preverst sprouting. Fry colour was darker in
the ethylene treated tubers than in potatoes tteaiith other inhibitors and there was no
change in the sugar content of tubers treated DAN.

The efficacy of sprout suppressants including S«rae and 1,4-DMN was compared to
that of CIPC. DMN was found to be as effective dRC at 60 mL/tonne whereas S-
carvone applied at 600 mL/tonne was similar to ¢fa€IPC applied at commercial rates.
These chemicals achieved better sprout control wihey were applied before any visible
signs of sprouting. The Russet Burbank cultivar Weamd to be more amenable to sprout
inhibition by S-carvone and DMN than the Denaligiotcultivar. Unlike CIPC, DMN and
S-carvone are fully reversible sprout inhibitorsiethmakes them suitable for application
on seed potatoes (Baker et al., 2002).

The mode of action of the sprout suppressants GIRC1,4-DMN is distinct. CIPC is a
synthetic compound that works externally on theafmtsurface as a mitotic inhibitor
interfering with cell division. More specificalyCIPC can disrupt the spindle formation
altering cellular structure and function to inhibnitosis and prevent sprouting (Vaughn
and Spencer, 1991; Kleinkopf et al., 2003). Whils¢ mechanism of action of DMN as a
sprout suppressant is still unknown, it is thoutghbe hormonal in action. 1,4-DMN has
proved to be successful for suppressing sprouting gemporary dormancy enhancer to
extend the dormancy period when it penetratespotato skin. During this physiological
state of natural dormancy, DMN inhibits the formmifgpeeps (< 2 mm sprout tips) and the
developing sprout on the potato skin under promerditions (De Weerd et al., 2010;
Kleinkopf et al., 2003; Knowles et al., 2005; Caralplket al., 2010). However, recent
research by Campbell et al. (2010) suggested hieatale of DMN is not as an enhancing
agent of the dormancy state but rather preventsuspg by some other unknown
mechanism. These authors also demonstrated thrtwegBDNA microarray profiles that
there were significant differences between CIPC BMN treated meristems, particularly
in transcript profiles derived from treatment wilther CIPC or DMN and from the
dormant state. These results reported the modetmnaof the two sprout inhibitors as

being different and not due to a prolongation ef tlormal dormant conditions.
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1.2.3.1 Application in commercial stores

1,4-DMN

1,4-DMN is a liquid chemical with a high vapour gsare that provides good volatility
(see Figure 4:1). It is applied on potatoes as enosal fog using aerosol generating
equipment which should be located to supply goasttidution and equal amount of spray
in the store. DMN is applied at rate of 10 — 20 aflliquid product per tonne of potatoes.
The application allows for a maximum rate of 8020 InL/tonne (4 — 6 applications) over
the entire storage season for both fresh marketpaodessed potatoes (John Forsythe,

personal communication).

The chemical is injected into a heated chamber 2380 °C) and the vapour generated is
blown into the store and re-circulated by an aieanh through the potato pile. Storage
facilities should be at temperatures between 38&#@d with little outside ventilation. The

first application is made after placing the potatbers into store. Practically, the treated
area has to be closed to permit optimum absorgtitm the tubers at the same time
avoiding direct contact of the aerosol fog with tpetato tubers. Subsequent re-
applications are necessary when visual assessméichies that the developing bud is
sprouting, specifically every 30 days, althoughrgsponse to inhibitors is different among
different potato varieties. Mostly, commercial apation is carried as a hot fog, but unlike
CIPC cold application can also be performed andahasmber of benefits since it does not
heat up the store during application and in addljtapplication can be carried out remotely
with a system of timers. However, there are sewdisgldvantages, one is the high vapour
pressure required to get good circulation throunghpile and an adequate DMN residue on
the potatoes, which is difficult to achieve and seeond is that cold fog is a mist, rather
than a vapour, that tends to condense as liquidleioon the potatoes. This can lead to
direct burning of the skin of the potatoes (Johnmsiame and Jim Zalewski, personal

communication). In the USA, DMN can be applied @mnagively with CIPC and the rate

of application is not much varied. The CIPC is agpfirst (16 — 22 g/tonne one time as a
single application) and then the 1,4-DMN is appleeda number of occasions to manage

sprouting.

CIPC
In the UK, CIPC is used as the main sprout suppregsssed to prolong the storage period
and maintain the quality of approximately 90% ofrevpotatoes destined for processing

(Harry Duncan, personal communication). It canhbitrsprout development for between 4
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and 8 months. The storage period in the UK staois fSeptember or early October until

the end of June the following year.

Generally, the first treatment with CIPC is condukctabout two to three weeks after
storage when the wound healing (suberisation) gesocomplete and before dormancy
break or initiation. Ideally, this is prior to tlege opening stage and usually in mid to late
October or during cold weather. If sprouting staitectly after the first treatment then the
rate of CIPC application was not sufficient andiudtdde increased. Subsequent treatments
are made when required to manage sprouting. Comynfoat treatments per season are
required and the interval between two applicatishsabout 6 — 12 weeks, the last
application being three weeks before removal froendtore. However, a new registration
in the UK permits CIPC application two days befetere emptying for either processing

or for the fresh market (Harry Duncan and Geraldito€sowan, personal communication).

Application and uniform distribution of CIPC in ttetore requires control of important
storage parameters such as temperature, relatimédity, air circulation and quantity of
CIPC. Each potato cultivar varies in dormancy peramd sprouting mode. The exact
concentration of CIPC required to control sproutindl vary. The CIPC application
regime and storage conditions depend on whetheratkecommodity is destined for the
fresh market or processing (frozen, dehydratedymbahips)(Kleinkopf et al., 2003).

The rate of CIPC application differs between thgetyof store vis bulk or box store. CIPC
treatment in box stores is more challenging anddis&ibution among each individual
tuber is more difficult than in bulk store due tetfact that the potatoes are separated in
boxes and not well ventilated. However, in a boxrest the history of the potatoes in
relation to their original farmer and variety issea to know. In contrast, in a bulk store
this is more difficult to predict as the potatoag anixed from different farms. The
maximum amount of CIPC that can be applied to fraahket potatoes should not be more
than 36 g/tonne during the storage season, whéweasocessing 63.75 g/tonne during the

season is the total allowed (Harry Duncan, persomamunication).

Application of CIPC is carried out by a thermal gotg process whereby the chemical is
introduced in a particulate form to tuber eyes #merefore affects sprout control. To
minimise sprouting, the store temperature shoulkdm at between 5 and 8 °C. Currently,
applications in UK stores are made either usingrantilation of CIPC (50% w/v) in

methanol or dichloromethane as the solvent, ohassblid ingredient alone. Methanol is
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preferred more than the chlorinated solvent forhbletiman health and environmental
considerations. However, attention should be gieethe methanol formulation because it
is a flammable solvent (flash point 11 — 12 °C)eifhal fogging of a formulation of CIPC
in a carrier solvent of methanol comprises passhey CIPC solution through a fog
generator. This aerosol device contains a combustimmber which can be heated by
propane to vapourise CIPC to microscopic crystaiéciv make up the fog, at a burner
temperature of 300 — 600 °C and a fuel pressure B0 psi, although recommendations
were made to use lower temperatures (300 — 35@d@jevent the possibility of CIPC
breakdown at high temperatures (Harry Duncan, palscommunication). The fog
distributes into the store through a metal alumimpipe. In the store, circulating air carries
the CIPC fog into the air ducts and moves it thfouge potato pile. An effective
distribution depends on many factors such as tabadition, the store type and design,
ventilation and weather conditions during CIPC aapion. Usually, the application time
depends on the size of the store and the potatatiua-og application in the UK to treat
a store capacity of 1500 — 2000 tonne of potatalesstabout 45 — 60 minutes. The dose of
CIPC is varied depending on potato cultivar, steraperature and time of storage (Harry

Duncan and Geraldine McGowan, personal communicatio

Recently, in the UK, another method of treatingapmés to inhibit sprouting is by melting
and forming aerosols from solid CIPC at a rate af-1 14 g/tonne. This technique
comprises melting solid blocks of CIPC at a tempeeaof about 37 °C (close to the CIPC
melting point) in a heated zone. Hot liquid CIP(p&ssed into a pump, which carries the
molten CIPC to the fog generator to convert theIiRto a fog by feeding it into a
combustion thermal fogger at temperatures usualyef (315 — 340 °C) than with a
formulation of CIPC in methanol solution (up to 6@). However, the burner temperature
is generally the store applicators choice (Harrm&an and Geraldine McGowan, personal
communication). In this manner, a stable fog of CliRB formed directly into the potato
store. To supply a more consistent distributionCéPC fog in bulk store, slow speed
ventilation is required; therefore, fans are cote@avith a variable frequency drive and
run during CIPC application. Also, the fog is recalated for more efficient distribution
throughout the potato pile and the headspace oftive (see Figure 1:1) (Cunnington,
2008).
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~ throughout the store

Figure 1:1. Schematic diagram of a UK bulk potato s tore during application of CIPC
(Cunnington, 2008).

1.2.3.2 Factors affecting CIPC application

Occasionally, application of CIPC to control spingtcan fail or be inefficient causing
many problems (Kleinkopf et al., 2003; Park, 20R4rk et al., 2009). The reasons for this

are summarised as follows:

1. Inappropriate store design and/ or a malfunctioniagtilation system can cause

variable temperature from the top to the bottorthefpotato pile.

2. Improper sizing, spacing and location of air dysissibly will result in fluctuating
temperature and poor air circulation in the potaite causing an uneven
distribution of the CIPC.

3. Incomplete sealing of the store can result in aiBa@ant loss of CIPC through

vents.

4. Hot spots from diseases, excess soil and debritd@npotato pile and thereby
plugging air vents can cause temperature fluctoatend increased respiration of

the tuber that encourage sprouting.

5. Potatoes grown under stressed conditions in theé feeg., water supply, disease,

nutrition, temperature) may respond differenthCi&C treatment.
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6. Delayed application time after dormancy break poeduunsuccessful sprout

inhibition.

7. Potato varieties differ in dormancy period and #ffects the response from CIPC.

8. Application equipment (e.g. fogger, fans) operatdficiently.

9. High temperature combined with metallic pipes andgl storage period can
breakdown CIPC.

1.2.4 Potential breakdown of CIPC to 3-chloroanilin e

CIPC is as pesticide of a well known group of Nipylecarbamates and composed of the
ester of carbamic acid. This group is thermolahite highly sensitive to degradation by
fragmentation and/or rearrangement under conditiohsinappropriate solvent and
excessive heating (Przybylski and Bonnet, 2009g&at al., 2009). CIPC can decompose
at 150 °C (Camire et al., 1995) and its degradairoducts are often active as well.

Application of CIPC by thermal fogging in potatmw#s can produce large droplets and
may be the cause of thermal degradation of CIPCregent study of CIPC in the
atmosphere of potato stores treated with CIPC stidive presence of another compound,
which was later identified as 3-chloroaniline (3-QRark, 2004). The presence of 3-CA in
air samples was suggested to be the product om#ieldegradation of CIPC during the
fogging application. The high temperature of thggiog machine which most often ranges
from between 300 — 600 °C and contact of CIPC withsurfaces (such as the aluminum
metallic pipe used to carry the fog into the stggemoted the thermal degradation. The
thermostability of CIPC was investigated by Nagagaand Kikugawa (1992) who
concluded that CIPC underwent thermal degradatiohrapidly changed to produce 3-CA
after heating at between 210 °C and 250 °C for Rutes. 3-CA and other products of
CIPC degradation have also been identified in dtpatatoes (Heikes, 1985; Worobey and
Sun, 1987).

Additional to thermal degradation, warming the stbrpotatoes and moisture may
encourage bacterial growth, causing microbial diafrtan of CIPC. Several studies have
been reported on the microbial degradation of C¥Ach leads to the formation 3-CA
(Verhagen et al.,, 2011; Kaufman and Kearney, 196&arney and Kaufman, 1965).

Bacterial degradation of CIPC is suggested as airgor degradation pathway under
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certain environmental conditions, perhaps due ¢cstight solubility of CIPC in water (see
Section 4.3.2.1) and its resistance to the oxidatimcess (Verhagen et al., 2011; Wolfe et
al., 1978; David et al., 1998). The rate constantlie formation of 3-CA was found to be
the same as the rate constant for the loss of GHRIB;ating that hydrolysis of the ester
bond is the initial step in the microbial degradatof CIPC to form 3-CA, isopropanol and
carbon dioxide (Wolfe et al., 1978) as shown iruirégl:2.

0 C|3H3
HN—C—O—TH NH,
CH3 CH3
H,0 |
_— + HO—CH + CO,
Cl Cl C|:H3
Chlorpropham 3-Chloroaniline

Figure 1:2. Shows the equation of the breakdown of CIPC to yield 3-CA.

Therefore, the existence of 3-CA in potato storasld result from either or both of the
two processes: thermal breakdown during CIPC faggapplication or microbial

degradation that will occur during long storageiqus. To examine which process is
responsible for the formation of 3-CA, a study veasducted where air samples from
potato stores were collected immediately and th8nhburs after thermal fogging

application at 600 °C temperature using metal dgcgipe. Samples taken immediately
after fogging would mean that no time is allowedrfocrobial activity. 3-CA was detected
in these atmospheric samples and its level wasdfdéarbe 2 — 3 pug/L immediately after

the fogging application, declining to 0.2 pg/L 1&uhs after application (Park et al., 2009).

As stated above, there are two processes whichuatdor the presence of 3-CA in the
potato store; thermal breakdown and microbial ddmran. However, it should be
mentioned that based on the lack of moisture ptasedK potato stores, the microbial
breakdown of CIPC is not suggested as a signifipathhway for the formation of 3-CA
found in the store atmosphere, but microbial afstivi some diseased tubers may promote
the potential degradation of CIPC to produce 3-CHar(y Duncan, personal
communication). Additionally, microbial degradatiemmore likely to occur in water and
soil. The presence of 3-CA in potato wash water mwasstigated by collecting samples of
effluents from potato washing plants (Park et 2009; Park, 2004). 3-CA was identified

either with CIPC or alone in some cases. Althoughmerpretation was found for this,



Nidhal M. Sher Mohammed 2012 Ch 1/ 40

microbial activity was suggested as a mechanisndreav a correlation between the

formation of 3-CA and disappearance of CIPC.

It was also noted by Park et al. (2009) that 3-©Ald be present in the potato store in the
CIPC formulation as a minor manufacturing impustylevels that are strictly controlled
(i.e. 0.05% of CIPC by weight).

Taking all the above into consideration, the presesf 3-CA might be a big concern for

the potato industry in the following situations (HaDuncan, personal communication):
1. Store atmospheres immediately after thermal foggim@IPC application.
2. On the potato tubers.
3. The store fabric.

4. Wash water for potato tubers treated with CIPC dasdtined for processing or

fresh markets.

It should be pointed out that 3-CA levels founcpotato stores and potato washing water
may be very low and could be missed by routine yaigl However, the concentration of
3-CA can be reduced further by modifying the foggprocess of CIPC through lowering
the temperature of the application and avoidingameipes used to carry CIPC fog into
potato store. This control of CIPC application ebbé used to control thermal degradation
but would not reduce levels of 3-CA due to the olital degradation which is an issue

that needs to be resolved.

1.2.5 Health and environmental consideration of stu died
compounds

1,4-DMN is a compound of a well known group of polglic aromatic hydrocarbons
(PAHs) and many compounds from this group are meised to be carcinogenic. This
chemical is highly volatile and possesses low sbtylin water (see Section 4.2.2.1). It is
considered to be toxic to aquatic organisms. Howedealth Canada Pest Management
Regulatory Agency RD2011-06 (2011) reported that wuits natural occurrence in potato
and limited environmental exposure, there are sksrio the public or the environment.

Based on the use pattern, no or very limited exgostiaquatic ecosystems is expected. It
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is predicted to be degraded rapidly through phatothal reactions and/or microbial
activity (Canada, 2011). The registration decisidman application for use of 1,4-DMN in
UK commercial potato stores requires more studyrder to understand the possible risks

to the environment regarding waste peel, watersaid

Application of CIPC on stored potatoes may leadgk for humans and the environment
in uncontrolled circumstances. According to the ceainclassification guidelines of the
USA Environmental Protection Agency (EPA/738/F-Z3Y) there are two risk scenarios
for CIPC and its metabolite 3-CA in dietary rislsassment. The first one is based on their
residues solely on stored potatoes. While the sksoanario was drawn on the term of the
“local milk shed” when potato peelings are usedetd cattle and subsequently residues
can be present in beef liver and in milk, whichlveé distributed locally (EPA, 1996).
Considering these concerns, available data shoatsatbplication of CIPC under proper
label directions does not involve undesirable risksuman health or the environment. The
toxicological effects and safety data of CIPC amalar to its metabolite 3-CA. For human
risk assessment, however, there is a concern e@# ®hich as a derivative of aniline, an
aromatic amine that is known to be dangerous toamsnand the environment (Sihtmaee et
al., 2010). 3-CA is an irritant to eyes and skirpiésent in sufficient quantities causing
redness and swelling of skin and membranes. Theseéemporary effects which can be
resolved shortly after cleaning the skin. Expogarbumans at high levels through air, skin
contamination and ingestion can cause differentptgms including dizziness, headache,
nausea, vomiting and unconsciousness. Monitoritg iddicate that the probable routes of
human exposure to 3-chloroaniline are potentidihpigh ingestion of food and drinking
water (SRC, 2011). 3-CA is a mammalian metabolitecC*C. Approximately 20% of
CIPC taken into body may be metabolised to 3-C&A3entering into the human body at
high levels causes toxic effects in the blood haté effects are temporary.

The big concern over 3-CA is because it is strathyisimilar to 4-chloroaniline which is
classified as possibly carcinogenic to humans, @B (IARC, 1993; Sihtmaee et al.,
2010). However, it should be made clear that 3-GMat known to be carcinogenic.
Additionally, the chemical structure of CIPC is buthat only 3-CA, and not 4-
chloroaniline, could be produced as a metabolidpct

Due to their solubility in water (see Section 4.B)2CIPC and 3-CA can be present in
both soil and surface waters, thus there is thenpiatl for them to be moderately toxicity

to aquatic systems. The Environmental Protectioentyg provided a list of substances
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which are considered to present a potential risgadiution where they are discharged to,
or detected in, groundwater bodies. The agencgdisioth CIPC and 3-CA as List | and
hazardous substances which should be avoided imdravater (EPA, 2010). In addition,
according to European Community pollutant Circudo 90 — 55 (1990), 3-CA is
recognised to be a toxic water pollutant and harmefaquatic life (David et al., 1998).

Chloroanilines exist in the environment as degiadaproducts of various pesticides
(Rouchaud et al., 1986b). 3-CA has been identdiethe main degradation product of the
microbial oxidation of CIPC during field soil stedi (Rouchaud et al., 1987). 3-
Chloroaniline may undergo biodegradation in naturd presence of bacteria cultures and
the intermediate metabolite is 4-chlorocatecholi@®et al., 1988; Paris and Wolfe, 1987;
Reber et al., 1979). Ultrasonic and photochemiegradation of CIPC in aqueous solution
have been studied (David et al., 1998). 3-CA wamntified as the main ultrasonic
degradation product by HPLC and by GC-MS. Photslg$ichlorpropham did not form 3-

CA directly but it was observed in its biotransfation.

Taking all the above considerations into accoum, level of CIPC in stored potatoes
needs to be monitored to reduce any risks for huheaith and the environment. An
important consideration should be given to the gmes of CIPC and its metabolite 3-CA
in potato wash water due to their toxicity. Duethe requirement to recycle water, water
issues are very high profile at present and wasterwaeeds to be cleaned up before
release, otherwise there is a danger of releastig ®IPC and 3-CA into the environment

(Harry Duncan, personal communication).

1.3 Sprout inhibitor residues in potatoes and facto rs
influencing their presence

A consequence of the application of potato sprabtbitors with different formulations
(i.e. gas, fog, aerosol, dust powder, granular @mdlsifiable concentrate) throughout the
storage season may be that some residues remdhe @otato tubers and such residues
may subsequently be transferred to other envirotetheslamples such as water and soil.
Thus, the residue levels of these compounds intgdtders have become increasingly
subject to regulation and are a major concerndosamer safety.
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1,4-DMN

Nowadays, the commercial use of 1,4-DMN as a ndyuvacurring potato sprout inhibitor

Is being investigated to determine the effectiveoam required for successful long term
storage. 1,4-DMN has been exempt from having an M&Lby the USA-EPA because it
is a naturally occurring chemical in potato andeidreme volatility ensures that a low
level of 1,4-DMN would remain on treated potato&eraapplication. Potatoes treated with
DMN retain little or no residue of DMN 30 days afteeatment (Jim Zalewski, personal
communication). Beveridge (1979) and O'Hagan (198&dihted out that in commercial

stores the residue level of DMN on potatoes caredaced by a period of airing towards

the end of storage due to its high volatility.

In reviewing the literature, relatively little isskwn about the 1,4-DMN tuber residue level
required to control sprout inhibition. However,exent study was conducted by De Weerd
et al. (2010) to identify the lowest residue lewbht can inhibit sprouting. Using
application rates from 0 puL/kg to 56 pL/kg of DMbltreat four varieties of potato tubers,
they showed that residue levels were higher andsipraut inhibition was maintained for
longer, up to more than 50 days at higher rateiegmns. Sprouting was no longer
inhibited and resumed below 1.4 — 2.7 mg/L forfalir varieties. In this study the authors
indicated there were many factors that affectecertutesidue levels after 1,4-DMN
application. These included application methodceet headspace of the treated storage
area, storage surface area to potato weight ratm langth of incubation prior to

introduction of fresh air and intensity and lengtHresh air purging.

Oteef (2008) analysed potato tubers treated wthDIMN and stored for 18 weeks under
commercial storage conditions; and the residuesniwashed individual potato samples
ranged from 0.63 to 1.16 pg/g fresh weight. Otesictuded that most of the residues were
concentrated in the potato peel. Washing underimgnwater showed no significant
difference in residues (0.55 — 1.12 pg/g fresh higigomparable with the above residues
for unwashed tubers, suggesting negligible resididies4-DMN in the attached soil and
dust on the surface of the potato tuber. The audhggested that over the storage period
1,4-DMN migrated into the tuber tissues and/or libumto soil as an unextractable
residue. In this study, the effect of oven dryin@a £ 5 °C on the residues of 1,4-DMN in
potato peel (10 g) was investigated and showed26% of the residues ( 4.35 to 0.17
Kng/g) were removed from the peel after a perio@7ohours.
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A study by Knowles et al. (2005) found low residereels of DMN in aged seed tubers at
the end of a 200 day storage period under the kigheperature (9 °C). Furthermore, the
tuber residues remaining after 50 days at the tinee¢ment levels (40, 40, 10 mg/kg) were
5.1+£0.9,2.0+0.2 and 1.5 £ 0.1 mg/kg at sterageratures of 4, 7 and 9 °C respectively,
indicating greater loss of 1,4-DMN at higher stperatures.

It was quoted that the highest residue of 1,4-DMa$ W ug/kg at about 24 — 28 hours after
application when there was no outside venting bitgr ahat the residue on the potato
began to decline rapidly (2 pg/kg or below) whea #tore was vented (John Forsythe,

personal communication).

CIPC
In 2007, the maximum residue level (MRL) for potgtdreated by CIPC was fixed at 10

mg/kg for human consumption across Europe by AdyiSBommittee on Pesticides
(ACP). In 2009 the European Communities Commisg®ANCO/4967) recommended
that both CIPC and 3-CA be included in the maximmaesidue level value (MRL) from
2011 (European-Commission, 2009). However, in reg@ars, difficulties have been
experienced in terms of both the evenness of tipicapion of CIPC and also CIPC
residue levels in potato samples, with some exogedne MRL which resulted in
withdrawal from the exporting market and in constiomprisk (Noel et al., 2004). There
are several possible explanations for this, oleashighest recommended application was
exceeded, the second being uneven distributiontheile of potatoes in the store. It is
possible that the dose received by some potatodwiees higher than necessary to control
sprouting (Noel et al., 2003; Noel et al., 2002).

CIPC residue levels can vary among potato tubedsama influenced by a number of

factors related to the application of CIPC in thaapo store and to processing. These
factors are summarised below and are supportethidogdmprehensive literature that has
been published on CIPC:

Storage temperature: the conditions in commercial stores have a bigceften the
uniformity of distribution of CIPC, good ventilaiias particularly important to control the
temperature in the store (Kleinkopf et al., 2008)PC residues were found to be
significantly higher in potato peel stored at 4 é@npared to potatoes stored at 12 °C
(Ezekiel and Brajesh, 2007). In addition, Mondyakt(1992a) observed that the highest
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residue levels were found in tubers stored for Gitm® at 5 °C compared to those stored at
20 °C. This can be explained by the relatively tii@anature of CIPC at 20 °C.

Application: CIPC residues also vary with the kind of formigdatused and method of
application (Brajesh and Ezekiel, 2010; Coxon anohét, 1985). A study was set up to
evaluate the distribution of CIPC among potatoderapplying different formulations:
dust powder, emulsifiable concentrate and hot foggiNoel et al., 2004). The authors
concluded that the residue of CIPC on the potdtertdepended more on the formulation
applied than to other factors. In this study, itswehown that dust powder formulations
seem to be the treatment leading to the highes€CCG#3idue deposit on the potato tuber
compared with emulsifiable concentrate and pawitylhot fogging which had a very low
residue level of CIPC. Conte et al. (1995) alsmfbthat there was approximately 10 times
more residue present in tubers treated with powdsar tubers treated with aerosol. Wilson
et al. (1981) observed high residues of 45 mg/kKipwong aerosol treatment whereas a
study by Mondy et al. (1992 b) showed that potatgets dipped in a 1% emulsion of
CIPC resulted in residues of up to 400 mg/kg in pleel. The application rate has an
important role on the residue remaining on the tootiaber, however, it is affected by the
storage duration. It was found that the residuecentration was higher immediately after
spray application of CIPC at a rate of 30 mg/kg parad to 20 mg/kg but at the end of the
storage period this difference was no longer daldet(Mehta et al., 2010).

Storage time has a substantial effect on the variability oPClresidue on the potato tuber
(Brajesh and Ezekiel, 2010). Tubers stored for &ittm® contained lower residue levels of
CIPC than those stored for 1 month (Mondy et @92b). Lentza and Balokas (2001)
found that the residue levels decreased with isomgastorage time. Applying CIPC dust,

the mean residues in 16 individual tubers in 10,288 65 days were 3.8, 2.9 and 2.2
mg/kg respectively. The consistent decrease indhiglues of CIPC in treated tubers with
increasing storage period was also observed byhSamgd Kaul (1999) using dust

application whereas aerosol application by Conteakt (1995) did not decrease

significantly the residues on peeled potatoes. fEselue originally built up on the tuber

decreases due to volatilisation, possibly microldaicomposition and also possible
chemical changes which progress during storagegliSand Kaul, 1999; Van Vliet and

Sparenberg, 1970).

Tuber location in the store: canlead to differences in CIPC residue levels and ithis

common for both bulk and box stores even thoughptitéerns of variation differ (Park,
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2004). CIPC residue levels in the potato peel ienad to be higher in samples obtained
from the top and the bottom of the pile, whereasittterior of the pile had intermediate
levels (Corsini et al., 1979). However, higher degis of CIPC were observed on potatoes
near the bottom of the pile than at the top witlagation of between 3 — 8 mg/kg between
the top and bottom (Kleinkopf et al., 1997). Brajesd Ezekiel (2010) reported that the
higher residue level of CIPC was found in tubeosext on the ground floor whereas on the
first floor the residue was lower. The authorsripteted that these differences in residues
were due to the application of CIPC fog rising tigb the tubers from the ground floor to
the upper layers; therefore a greater amount oCGéttled on the potatoes in the bottom
of the store. In contrast, Baloch (1999) indicateat the highest level of CIPC residue was
found to be on the top surfaces with minimal lewaisthe lower levels in the store. It was
concluded that the high residue on the top wasualtref fall out of the fog directly on the
top surfaces since it is introduced via the vetiita system, which circulates from the
bottom to the top of the store. Potatoes storepiles and treated by aerosol had uneven
distribution of CIPC, this discrepancy may be caubg differential air flow in the pile
(Conte et al., 1995).

Distribution within the tuber: the distribution of CIPC is different within theogato
tuber. Coxon and Filmer (1985) reported that mdsie residue of CIPC is associated
with the peel and that very little penetration loé themical occurs beyond the peel layer
even after storage period of six months at 10 °GeyTreported that losses through
volatilisation from the tubers surface were minintéiudy results by Singh et al. (2009)
revealed that entry of CIPC particles into the tubeough aerosol treatment (17.5 mg/L of
CIPC) is higher at the bud end and that the CIRCneave into the tuber up to a depth of 8
— 12 mm. In addition, the high residue in the pea$ found to be in a portion taken from
the bud end part of the tuber which could be rdlatethe number of eyes present on the
tuber surface. The eyes are known to have highdacgiarea resulting in higher CIPC
deposition (Singh et al., 2009). The residue indbgex was found to be 10 — 20 times
lower than in the peel of treated tubers (Mehtal¢2010). Mondy et al. (1992 b) showed
that the residue in the treated peel was up tod@Bg whereas 10 mg/kg was found in the

cortex.

Processing and cookingCIPC residues were determined in processed potaidupts

(e.g cooked, fried, frozen, crisps, chips and fodjl(Ezekiel and Brajesh, 2007; Ritchie et
al., 1983; Nagami, 1997; Nagayama and Kikugawa2l9rocessing has been shown to
reduce the residue of CIPC in potatoes. Severdlesthave reported a large difference in



Nidhal M. Sher Mohammed 2012 Ch 1/ 47

the residue of CIPC in the peel, unpeeled and geeleer (Brajesh and Ezekiel, 2010;
Mondy et al., 1992b; Coxon and Filmer, 1985). Gurgl979) reported that the residue of
CIPC in peel samples of tuber taken from a largenroercial store after aerosol
application were fairly high (15 — 85 mg/L), bus$ethan 1 mg/L was found in peeled
tubers. It was found that peeling removed approtetgedl — 98% of the CIPC amount in
the tuber (Lentza-Rizos and Balokas, 200)is is expected, because CIPC is surface
applied and non-systemic in nature so residue desa affected directly by the removal of
the surface layers during processing (Lewis et1#96). Therefore, peeling potatoes is
considered sensible before consumption to redueédbard of high intakes of CIPC. The
active ingredients removed from the potato by pgeis much more than washing (Conte
et al., 1995). Some residues of CIPC can be remakgithg the washing process as
evidenced by the presence of CIPC in wash watdea{eme et al., 2009; Park, 2004). It
was found that up to 45% of CIPC was present ihasthering to treated unwashed tubers
(Coxon and Filmer, 1985). Washing by hand with celter reduced the residue of CIPC
from 3.8 to 2.9 mg/kg of potato treated with dustvder and stored for 28 days, meaning
24% of the CIPC residue was present in water (leeRizos and Balokas, 2001).
However, a study conducted by Wilson (1981) shothed washing under running water
reduced CIPC concentration from 45 to 40 mg/L, nmeamost of CIPC was not removed
by washing under these conditions. Applying a magerous washing procedure was
found to remove 88% (from 1.6 to 0.2 mg/kg) of CIRGm potato treated with an
emulsified solution of 0.1% CIPC (Tsumurahasegatwale 1992). Boiling potatoes in
water or cooking by steaming resulted in reduceditess in cooked tubers as compared to
uncooked tubers due to leaching of CIPC into thekicy water (Mondy et al., 1992a).
Lentza-Rizos and Balokas (2001) determined thedwesof CIPC in boiling water to be
0.2 mg/kg whereas Ezekiel and Brajesh (2007) redomore than this concentration (1

mg/kg).

3-CA

As previously discussed, a number of studies havdyzed estimates of the CIPC residue
in potato samples, but there is still insufficietdta for 3-CA residues in potatoes. That
may be interpreted as a lack of a suitable analytitethod to extract and analyse 3-CA
from potato samples. The most important study temdy address the presence of 3-CA
residue in potatoes was a collaborative reseandbweconducted between the University
of Glasgow and Sutton Bridge Experimental Unit @@@tCouncil) (McGowan et al.,
2010). Although no information on the analyticalthwe was revealed in this study, the 3-

CA residue detected on all potato samples colletted commercial stores was between
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0.03 — 0.05 mg/kg for unwashed samples and betWe@h — 0.22 mg/kg for washed

samples.

In reviewing the literature, it was found that inmsiag CIPC in soybean oil and heating at
180 °C gave rise to a gradual decrease in CIPC aitlaccompanying increase in the
production of 3-CA (Nagayama and Kikugawa, 1992¢néE, it could conceivably be

hypothesised that frying potatoes treated with CiRight be a major factor in causing the

presence of 3-CA residue.

Due to the general prevalence of sprout inhibitohgir metabolites and degradation
products as residues in potatoes and other enveantahsamples, it has become essential
to routinely determine their residue levels, usagpropriate and validated analytical

methods.

1.4 General aspects of pesticide residue analysis

In recent decades, considerable progress has bh@ved in pesticide residue analysis. A
number of reviews have described a wide range stiqgide residue analyses in a complex
matrix of food, plant materials and environmentahples with advances in methodology
and application (Sherma, 2001; Tekel and Hatrilg6lBeyer and Biziuk, 2008; LeDoux,
2011; Chung and Chen, 2011; Llorent-Martinez et 2011). Due to the low detection
levels required and complexity of the nature of thatrix which holds the intended
compounds, attention has been focussed in mokeeétstudies on sample preparation and
analytical detection; in particular chromatographethods for final determination. The
differences in the structure and the physiochemmaperties of these compounds
including parent pesticides and their metaboliteake it difficult to find a single method
that can be applied to the analysis of all of them®pounds. Generally, determination of
the residue levels of any substance in real sangaasists of four major and important
steps including selecting a representative samgtaaction of the intended substance
(mostly using an organic solvent), clean up to reenimterfering species and finally the
analytical technique to identify and quantify tlaeget substance in the extract. To ensure
the acceptability of the analytical method, theseious steps should be combined to
accomplish maximum recovery of the substance efrést from the sample matrix at the
end of the analysis. These important aspects oficpiss residues analysis will be

discussed briefly below:
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1.4.1 Sampling

The aim of this step is to obtain a representatamaple selected from a large population of
units for analysis of the compound of interest. Saeples should be taken randomly to
assure they represent the larger population andctiraparisons with maximum residue
levels (MRLs) are valid. If residue levels do neteed the MRLs then there will be no
toxicological concern. To detect the exact resigéwel, it is considered that no degradation
has occurred of the target compound. In additibe, selected samples should not be
contaminated as this might have an affect on tla¢yais. In the case of potato samples, the
soil adhering is preferred to be present on thecsetl samples for the analysis purposes.
Most often, sealed brown bags are recommendedotatgsample collection and packing
as this provides the best conditions under whictkdep the potatoes fresh until their
arrival at the laboratory for analysis. The baggehthe additional advantage of preventing
contamination. Sampling information should be rdedrincluding the date of collection
and position where the potato sample was takehanstore. In addition, the number of
chemical applications made, the rate of applicattord the date of the last sprout
suppressant application should be recorded. Bdgemmended to sample potatoes treated
with CIPC 20 days after application, however, rélgeisamples were taken two days after
application (Harry Duncan, personal communicatigdg@nerally, environmental samples
delivered to the analytical laboratory are stored refrigerator (4 °C) prior to analysis and
preferably within 24 hours to avoid the effects the residue level via degradation.

However, in practical terms this is often not pbkesi

1.4.2 Extraction

The extraction process is vital in residue analyi®egins with sample preparation by
homogenising or blending to get good uniformitytlé matrix (Melo et al., 2012). This is
followed by extraction using solvent to remove tiaeget compound from the other
components in the matrix. In most extraction meshquant samples are homogenised or
blended with a solvent like hexane, methanol, agetle, acetone, or dichloromethane in
order to transfer the residue from the samplesédituid solution. In general, selecting a
suitable solvent or in some cases a combinati@olyknts is based on the physiochemical
properties of the compound to be extracted and stm@ple matrix. In the case of
multiresidue methods, the solvent used for extachias to be suitable for the extraction
of target compounds that have a wide range of pie@sr(Tekel and Hatrik, 1996). For
some extraction methods when analysing fresh vblgetaamples using non-polar

solvents, salts like sodium sulphate and sodiuraricie are added to the sample to remove
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the moisture which can have an effect on the ateudgtermination of the target
compound (Paiga et al., 2009). Extraction of tieeduee from the sample can be performed
as a single solvent extraction step or as muleglteaction steps. The efficiency of solvent
extraction can be affected by many factors sudinas temperature and agitation. Most of
the classic analytical methods used to analysereébmlues of potato sprout inhibitors
involve using homogenisation, soaking, shaking,icadion, heat refluxing and Soxhlet
extraction. These extraction methods are simpleramdurther instruments or apparatus
are required. However, modern extraction technidwe& been developed in the field of
pesticide residue analysis such as microwave adsesttraction (MAE) (Paiga et al., 2009;
Barriada-Pereira et al., 2007) supercritical fleixtraction (SFE)Kaihara et al., 2002;
Tekel and Hatrik, 1996), pressurised liquid exi@aci{PLE)(Barriada-Pereira et al., 2007;
Schuermann et al., 2008hd more recently the QUECheRS (quick, easy, cleftgxtive,
rugged and safe) method (Chung and Chen, 2011eles al., 2008; Schuermann et al.,
2006) Although these techniques can overcome the dravgbaskociated with using
classic methods including the use of large voluofesolvent and being time consuming,
from an economic viewpoint their use is more coslign when using straightforward

solvent extraction methods.

1.4.3 Clean up

Sample clean up or isolation of the target compoismdised in order to reduce the
detection limit and to avoid any interference frtme sample substrate that can adversely
affect the identification and quantification of tharget compound (Stajnbaher and
Zupancic-Kralj, 2003). Usually, the sample cleanstigp is accomplished using liquid—
liquid partitioning and chromatographic purificatioLiquid—liquid partitioning involves
partitioning the samples in the presence of aqueant organic phases so that the
lipophilic plant material can be concentrated ia ltter. In this technique, salts like NaCl
can be added to speed up the separation betwedwdhghases. However, liquid—liquid
partitioning is not optimal for some crops whiclyuee additional clean up steps (Tekel
and Hatrik, 1996). Therefore, in most multiresiduesticide methods a clean up step
involves chromatographic purification using solidage extraction (SPE) and sorption
columns. SPE is a simple technique based on treraem of liquid chromatography and
carried out on columns (cartridges) or membranksdislost often, silica particles coated
with bonded organic material are used as the pgchkiaterial in the cartridges (Oteef,
2008). Moderately polar to polar compounds can Xteaeted from non polar solutions
onto polar sorbents. Sorption columns include Bibrialumina, silica gel and carbon
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black. These adsorbent columns provide a good cleaonly when they are eluted with
solvent mixtures of low polarity eluting less polasidues and leaving more polar co-
extractives in the column (Tekel and Hatrik, 1986)brus and Thier, 1986). However, in
some cases the extensive clean up steps are ootmesnded in pesticide residue methods
due to a number of reasons: the loss of target oangs, they can be time consuming and
often they can be costly (Stajnbaher and Zupancad}K2003; Menkissoglu-Spiroudi and
Fotopoulou, 2004). Therefore, for these reasonshkmwduse of the high selectivity and
sensitivity of some detectors in liquid chromatgyna some extraction methods were
developed without adopting clean up steps (Paigh,2009; Ambrus and Thier, 1986).

1.4.4 Analysis techniques

Following extraction and clean up steps, the ektradntroduced to suitable analytical
techniques for the separation and determinatiothefanalyte in the extract. Numerous
analytical techniques have been reported in tlezaliire to analyse pesticide residues
particularly the potato sprout inhibitor CIPC inrieed extract form. There include
colorimetry, (Friestad, 1974; Ferguson and Gard§9)9 thin layer chromatography
(Young-Duck and Bergner, 1981; Babic et al., 1998kared spectroscopy (Franconi,
1968; Ferguson et al.,, 1963), gas chromatograpl@y) (Blajslova and Davidek, 1985;
Beernaert and Hucorne, 1991), a combination ofaymematography-mass spectrometry
(GC-MS) (Lewis et al., 1996; Worobey and Sun, 198#jnbaher and Zupancic-Kralj,
2003) and HPLGSakaliene et al., 2009; Martindale, 1988).

The colorimetric methods applied for analysis oPClare based on acid or alkaline
hydrolysis of CIPC to an aromatic amine (3-CA) whicis measured
spectrophotometrically after coupling with the dyBis(1-naphthylethylene) diamine
dihydrochloride or N-(ethyl-1-naphthyl) amine (Wils et al., 1981). The drawbacks with
the colorimetric methods are that there can berference from matrix or aniline
compounds and that the extra sample preparatioeqgisred. It should also be noted that
determination of CIPC by colorimetric methods ifeeffed by the amount of 3-CA in the
sample. Thin layer chromatography permits fast isgjoen and the limit of the detection is
much higher. Both GC and infrared methagsguire lengthy sample preparation and
derivatisation which may be not sensitive at veny residue levels (Corsini et al., 1978).
Currently, most of the widely used carbamate arehplurea pesticides were not directly
estimated by GC, mainly due to the stability proideof these pesticides that occur under
common conditions with gas chromatography analysesto their tendency to break down
to related phenols and amines on the GC columre(Salal., 2004; Wilson et al., 1981,
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Grou et al., 1983; Paiga et al., 2009). Therefdine, increasing availability of HPLC
analysis is nowadays replacing other techniquesjcpkarly for analysing carbamate
pesticides and their metabolites in addition toypaiomatic hydrocarbons mainly owing

to:

1. Capability and suitability for analysis of a wicdenge of compounds (low volatility,
polar and thermally labile compounds which are Istah the HPLC system)
(Hidalgo et al., 1998; LeDoux, 2011; Soriano ef 2001; Voyksner et al., 1984;
Melo et al., 2012; Orejuela and Silva, 2004).

2. Less or no clean up steps required (Fedotov e2@04).

3. No derivatisation step hence less time consumiagv(ence and Leduc, 1977).

4. Decrease in the chance of errors resulting fromvadtsation (Lawrence and
Leduc, 1977).

5. Producing reproducible responses under variousittonsl of analysis (Lawrence
and Leduc, 1977).

6. High speed, resolution and sensitivity with lowediton limit (Sun and Lee, 2003;
Lawrence and Leduc, 1977; Lawrence, 1987).

7. High versatility and can be successfully used withious kinds of solvents and
columns (Snyder et al., 1988).

8. Appropriate to analyse large volumes (~ 500 pLheatthan the small volumes
required for GC analysis (less than 20 uL) (Ot2e@8).

Due to these advantages of HPLC over other tecbsighe focus in this study was toward
applying this technique for the residue analysithefcompounds 1,4-DMN, CIPC and its
metabolite 3-CA. Therefore, in the end of this prthe literature on residue analysis and
before going further to HPLC instrumentation andthnd development, it would be
worthwhile to review some studies of extraction aspkcifically HPLC analysis of

residues of these compounds.
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To date there has been few studies reported orlffHeC analysis of 1,4-DMN residues.
O’Hagan (1991) started the first work developingutable extraction, clean up and
quantification method for the analysis of 1,4-DMM potato residues using HPLC. The
method involved homogenising and macerating possimples with methanol as the
extracting solvent followed by filtration and sepi@on in a separating funnel, adding
sodium chloride and methylene dichloride. The ettraf methylene dichloride was
collected and the solvent was evaporated at 24 @vblume not less than 4 mL. Finally,
the extract was submitted to a clean up treatmsimguSep-pak silica cartridges prior to
analysis by HPLC.

HPLC analysis of 1,4-DMN residues in potato peehgie@s was performed recently by
Oteef (2008) who conducted a study of several etitna procedures. An HPLC method
(TMP/Heat method) was validated that extracted 16f ghopped peel with 15 mL of
mixed extracting solution of ethanol and 2,2,4-&thylpentane at a ratio of 7:3 (v/v) and
in addition contained an internal standard of 2hyieiaphthalene. Heating using a water
bath at 50 °C for 15 minutes with occasional smiylivas performed and the extract then
cooled for 10 minutes prior to centrifuging the aqus/solvent liquid phase. Two mL of
0.2 M sodium chloride solution was added and cigeid for 2 minutes. An aliquot of the
2,2,4-trimethylpentane layer was then analysedctyrdy HPLC. This method proved to
have many advantages regarding speed, sensitindtyaacuracy for residue analysis of
sprout inhibitors in treated potatoes compared @adBalysis. This method was validated
according to the procedure used by Knowles et24l0%) who used hexane instead of
TMP; and the 1,4-DMN in hexane layer was quantibgd-1D-GC.

Several studies have been carried out to deterndifeC residues in potato and
environmental samples using HPLC analysis butditee reviews are rarely applied to the
determination of CIPC metabolites, in particulactBeroaniline. Singh et al. (2009)
determined the residue of CIPC in the peel andhftdsprocessing potatoes using hexane
and anhydrous sodium sulphate and Kieselguhr taatmixed and ground with the potato
samples using a pestle and mortar. After the clgarstep, the extract was filtered and
reduced to dryness in glass vials below 30 °C toidathe loss of CIPC due to
volatilisation. The concentrated extract was digswlin methanol prior to analysis by

HPLC equipped with a UV visible detector.

HPLC coupled with a photodiode array detector wesduby Sakaliene et al. (2009) to
analyse the residue of CIPC in potato samples dgwtarage and processing (washed and
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unwashed whole tuber, peel, boiled and puréed sib&he extraction was performed by
homogenising the potato samples (25 g) with 75 & mixture of dichloromethane and
acetonitrile (70:30) for 2 — 3 minutes. The mixtuvas then placed into a centrifuge to

obtain the supernatant for analysis.

Direct determination of some carbamate pesticisetuding CIPC, in water and soil
samples was performed using HPLC analysis (Groal.et1983). Water extraction was
carried out by placing 250 mL sample in a 500 mpasating funnel, adding dilute
sulphuric acid to make pH 3, followed by adding d®f sodium chloride and finally
methylene chloride was added to the solution aseimcting solvent. The extract was
dried by passing through a sodium sulphate coluhen ttaken to dryness in rotary
evaporator prior to HPLC analysis after dissolvihg extract in 1 mL of methanol. The
soil extraction procedure involved homogenisinggs@ith 150 mL of acidic ammonium
acetate at 60 °C for 1 hour followed by filtratiaith a Buchner funnel. The filtrate was
placed into a separation funnel and shaken aftdmgdl0 g of sodium chloride. The
remainder of the extraction procedure and HPLC yaimlwas the same as for the water

sample extraction.

Recently, HPLC with UV detection have been couplétth modern extraction techniques

for the determination of CIPC particularly in s@ihd water samples. As an example,
microwave-assisted extraction (MAE) was used taaextfive carbamates (propoxur,

thiuram, propham, methiocarb and chlorpropham) femih and also to study the thermal
degradation after heating for 6 minute at 95 °Chwdifferent extractants (methanol,

dichloromethane, acetone, hexane and water) (Sdied, 2002). Lower recoveries were
obtained for all carbamates with less polar exdématst and the higher polar extractant
showed less degradation of the analyte. HPLC wsas@upled with solid phase extraction
(SPE) for the determination of pesticides includ@i§C in water eluting the concentrated
analyte from a disposable SPE cartridge with acetien(Marvin et al., 1990). Recoveries

for all pesticides ranged from 84 — 93%.

Most of the standard traditional analytical methagplied at the University of Glasgow to
determine the levels of CIPC and 1,4-DMN residuepatato samples are based on GC
analysis coupled with flame ionisation detectioreBridge, 1979; Boyd, 1988; Baloch,
1999). The FID detector is very sensitive to maratrir derived organic compounds in
the extract of plant tissue. Therefore and as rapatl above, GC analysis necessitates

important steps such as sample clean up and coatientof the extract prior to sample
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injection. These steps consume considerable tineeetore, UV detection is accepted as a
better alternative to avoid lengthy sample prepamatime as only a few species of
compounds are responsive to UV light. Taking thevabobservations into consideration,
it is considered to be more practical to use HPbGpted with UV detection to analyse
both the residues of CIPC and 1,4-DMN in the extoA@otato samples (Oteef, 2008).

1.5 HPLC method development and validation

1.5.1 Basics and instrumentation

High Performance Liquid Chromatography (HPLC) iseotype of chromatography
technique besides gas chromatography, thin layemadtography and supercritical fluid
chromatography. HPLC has been extensively usedsdparation and determination of
pesticide residues in foodstuffs and other areasr€§ et al., 1996). A liquid mobile phase
is used to separate the analytes in mixtures intisol after interaction with HPLC column
under high pressure. In the HPLC column, the meisrdistributed between the stationary
phase and the mobile phase. The separation is depeuapon the extent of interaction and
affinity between the solute components and thaostaty phase. The component that has
lowest affinity for the stationary phase will segiar first. The mode of HPLC
chromatographic action is most often classifiedoading to the nature of the stationary
phase and the separation process e.g. reversegl (R} normal phase, ion exchange and

size exclusion chromatography (Snyder et al., 1988)

Reversed phase (RP) is the most commonly used HBE@aration technique,
characterised by hydrophobic interactions with #gtationary phase and hydrophilic
interactions with the mobile phase depending onptfoportion of organic solvent in the
mobile phase. Normal-phase chromatography is theogie of reversed phase
chromatography. The stationary phase of HPLC colisnstrongly polar e.g. silica gel,
whereas the mobile phase consists of a non-polaergosuch as hexane and heptane
usually mixed with more polar solvent like isoproph The stationary phase retains polar
compounds on the basis of dipole-dipole interastidn ionic exchange, the interaction is
ionic and the solutes can be separated as iong asiion exchange resin or bonded silica.
Exclusion chromatography is unlike the other kimfixhromatography, the separation is
based on the size and shape of molecules in theiraigolution, the bigger the molecules
the less they are retained (Lindsay, 1992).
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An HPLC instrument is designed to include: a molplease reservoir, pump, injector,
column, detector and data handling system (seeréi§t8). The mobile phase in RP-
HPLC is commonly composed of water or buffer mixath various proportions of one or
more solvents such as acetonitrile and methanatiwiiave minimum ultraviolet cut off. A
high pressure pump is required to force the sol@mh the mobile phase reservoir into
the column at a constant and reproducible flow @teressure. HPLC pumps can be
classified into mainly two types: constant pressamd constant flow. The latter is widely
used in the majority of current HPLC applicatiorec&use constant pressure pumps can
change the flow rate causing retention data to la@cision and create baseline noise
(Lindsay, 1992). Before entering the pump, the neolphase should be filtered and
degassed as any particulate matter and bubbleaffsan the pumping action. The elution
can be performed either isocratically using a cmstomposition mobile phase or by
gradient elution which involves solvent programm{tite mobile phase strength increases
during the separation process). In this situati@robile phase would become less polar

and hence the separation time is decreased.

injector

column

mobhile
phase
reservoir

detector

Data Handling Waste

Figure 1:3. Diagram of the general structure of an HPLC system.

Introduction of the sample into the HPLC systendage through the injector either by
using injection valves or by automated injectiorvides. The latter is very common in
more sophisticated systems used to analyse langdoeng of samples (up to 100). With
these devices, the sample is loaded by syringethetdoop sample and mixed firstly in the
stream of the mobile phase prior to transfer toctlamn (Lindsay, 1992). The capacity of
injector loop sample ranges from 10 pL to 500 pdwéver, the 20 pL is most standard.
Filtration is required for the sample before injent otherwise accumulation of particulate
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materials will eventually block the injector, colammlet and column packing, hence more

troubles during HPLC system operation can be exge@nyder et al., 1988).

The column is the heart of the HPLC system andsth@less steel tube is packed with
stationary material either polymer or silica thashegularly sized and shaped patrticles.
The stationary phase material is very importarit aglps retain molecules on the column
whether they are polar, non-polar, ionic, or nduf@nyder et al., 1988). Silica is a
common stationary phase and has active adsorpties ef silanol (Si-O-H) groups
bonded with an organic surface layer eithey @ Cg due to their selectivity and
sensitivities for several compounds. The lattehesmost popular non-polar phase used as
octadecylsilane (ODS). To control the temperatdréhe column, the majority of HPLC
systems contain a column oven, in addition to ardywlumn which will protect the

column from any impurities present in the samplieaex.

Detection of the analyte is performed using a bletaletector with a low detection level
(e.g. UV, diode array, fluorescence, electrochemaramass spectrometry detectors). The
most important characteristics required of detectre; sensitivity, linearity, selective
response, low dead volume, cheap and easy usagdséy, 1992). Ultraviolet (UV)
detectors are the most widely used coupled with Etainly owing to low cost and the
ability of some compounds in the sample matrix tmsamb light at one or more
wavelengths in the UV range. A conventional UV dgie is capable of measuring the
absorbance at one wavelength of the solute in dngpke, unlike a diode array detector
(DAD) which can measure the absorbance at seveaaéhngths. Using DAD can also
provide more identity showing the spectrum of eacmponent in the sample. The
variations in the intensity of UV light absorptitawy each of the components are recorded

by generation of an electronic signal for the HRiltomatogram.

Using the software system as the last componernhenstructure of HPLC system is

important for showing the final data of the peaksnterest in the chromatogram (e.g.
retention time and peak area) and optimising met@tlopment through instrumental
control (increasing the validation for precisiordactcuracy). Also, the software can make
predictions and decisions for improving the sepamats a function of experimental

conditions (Snyder et al., 1988).
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1.5.2 HPLC Method development

Developing an analytical method aims to deternmingetarget analyte in the sample matrix.
Before starting method development there are mamgiderations that should be taken
into account such as: the nature of the sampleaitheof the analysis and the availability
of HPLC instrumentation. Important information regjag the properties of the analyte of
interest should be known, such as chemical strect¥ spectra and solubility. Samples
can be in different forms such as solid, solutiowl amixtures of the analyte with an
insoluble sample substrate. Some samples cont&enfarences affecting the separation
efficiency or some components may damage the cqltinenefore, pre-treatment of these
samples is required before injection into the HPTBe aims of the separation have to be
specified whether it is required to identify andetmine one chemical, several chemicals
(e.g. CIPC and 3-CA) or all of the sample composie8tlecting the appropriate detector
before starting method development is determined foy example, whether one
component is being measured requiring single detectr whether qualitative analysis is

required where universal detection would be preté{Snyder et al., 1988).

After taking the above into consideration, metha/edlopment should start with the
chromatographic separation step which requiresctete an HPLC method and
optimisation of the experimental conditions. NowggJadifferent approaches to HPLC
method development are used. Reversed phase-HPltkbdseare often selected as an
initial choice. It is increasingly considered thesb separation technique to achieve high
resolution, a short run time and better reprodligfof retention time by manipulating the
HPLC conditions (Wang et al., 2003; Majors and Byzyel, 2002). However, other types

of chromatography may be appropriate dependindgnersample composition.

Separation is the primary objective in routine HPb@thods and aims to resolve all
significant components in the sample matrix frommheather. The quality of separation is
measured by resolution. Resolution)(R liquid chromatography is a measurement used
to quantify peak spacing of two adjacent bands ke tchromatogram (Dolan,

2002b).Typically, resolution is expressed accordmthe following equation:
Rs=[2 (b —t) / (Wp + W)]... (1)

Where tand trefer to the retention time of two adjacent peakd &, and W peak width
measured at baseline (Snyder et al., 1988} equation (1) is applied to measureaRen

the band peaks are entirely separated. Practighlly,not easy to measure accurately the
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baseline bandwidth between overlapping peaks, fitveré¢he bandwidth at half-height {w

and w) of the peak is the best way of measurin@i is expressed in following equation:

Re=[1.18 (b— 1) / (W1 + Wy)]... (2)

If the separated peaks are symmetric, both equafibrand 2) give the same value qf R

approximately 1.5 which is the case when the vdlletyveen two adjacent peaks just touch
the baseline. Using this baseline resolution asranmim value is strongly recommended

for quantitative analysis. However, some reseaschaggest values of 1.75 to 2.0 during
method development of simple mixtures (Snyder ¢t18I88; Dolan, 2002b) ( see Figure

1:4).
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Figure 1:4. HPLC chromatograms showing recommended resolutions between two adjacent
peaks.

Resolution can change due to excessive use of themo or fluctuations in the

experimental conditions. To control the resolutithrere are three independent factors
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influencing the resolution (R the separation facton) of two bands on the column (or
selectivity), the capacity factor (k') and the platumber (N) and are expressed in the

following basic equation:
Rs= (1/4) @ — 1) N[k’ / (1+ K)]... (3)

To obtain a desired degree of resolution, the seigcfactor of separation of the peaks
must be greater than one X1), the peaks must be retained on the columrk@{20) and
the column must develop some minimum number ofepléLindsay, 1992; Snyder et al.,
1988). These factors should be optimised to firdidést conditions for a given separation
(Fekete et al., 2009). Selectivity optimisation che done either by changing the
temperature or the nature of stationary phase em#ture or composition of the mobile
phase. The capacity factor (k') can be controllgdchanging the composition of the
mobile phase. While, controlling the theoreticahtps (N) can be achieved by selecting
column length, particle size and or changing flater From a practical view point, all
three factorso, k' and N) are interrelated, by means any changene from these factors
may significantly result in changes in other. Néheless, the retention factor should be
optimised first then followed by optimistion of eltonditions that affect selectivity and
the theoretical plates (Lindsay, 1992; Snyder ¢t18i88).

Optimisation of HPLC experimental conditions (colupacking, temperature and mobile
phase) can be approached by trial and error. Tii@listep is to select an appropriate
stationary phase which should provide satisfacsayaration factor (Fekete et al., 2009).
The choice of a ¢ bonded phase for reversed phase is preferred. dmcolwith a
minimum plate number (approximately 10,000) is asmwmther criterion considered for
column performance and separation with suitabl& ggemmetry. Commercially, there are
more than 400 reversed phase columns availableadleased according to the selectivity
of five solute-column hydrophobic interactions (Beket al., 2009). Generally, there are
many factors affecting column separation and efficy including temperature, particle
size, length and the flow rate of the mobile ph&seyder et al., 1988; Wang et al., 2003).

Column temperature can be an important factor émtrolling retention time, selectivity
and peak shape in liquid chromatography separatibit can also create problems (Dolan,
2002a). The problem of the thermostating of the BRlolumn is mainly for reasons of
baseline noise and drifting which should be avoidedget good reproducibility of

chromatographic data. The temperature can be vé@iedr’0 °C) to control the selectivity,
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usually better resolution will take place at higkemperatures, commonly between 25 and
60 °C (Snyder et al., 1988).

Increasing the length of the column is not preférgs an increase in retention time gives
increased peak broadening. In this case, it israldsi to decrease the plate height
equivalent of a theoretical plate by decreasing ghsicle size of the stationary phase,
which leads to an increasing of the separatiorcieficy of the HPLC colum(Lindsay,

1992). This can lead to high back pressures iktieany particulate material in samples.

The optimum flow rate usually depends on the expental conditions but an optimum
flow rate of 1 mL/min is typical for particles oketween 3 and 5 um in size. The column
manufacturers and production batches of normaitylar column packing from the same

manufacturer may vary in retention and separa@ectivity as well (Dolan et al., 2002).

Selecting suitable columns and optimising the neoplhiase can offer a simple and quick
analytical HPLC procedure (Wang et al., 2003). Gelg the mobile phase is very
important since it runs the solute with the staigynphase, therefore the solvent in the
mobile phase should be pure avoiding any matdratldan degrade the stationary phase or
HPLC apparatus such as strong acids or bases diuttshaln RP-HPLC, the use of
acetonitrile solvent is the first choice followey methanol for the initial separation. The
advantages of acetonitrile are lower operating ques, slightly higher solvent strength
and applicability for detection in the range of 28205 nm (Lindsay, 1992; Snyder et al.,
1988).

The important step after selection of the mobileaggh solvent involves selecting the
elution mode. Gradient elution should be used wéimples which occupy high separation
space (> 40%) whereas isocratic elution is possMite samples that occupy less than
25% of the total time or separation space. Semarapace is détwhere dt is the retention
time of the last peak{tminus the retention time of the first peal) énd ¢ is the gradient
time or run time (John Dolan, personal communicgtioGradient elution is more
expensive than isocratic elution which is prefer@dsimple samples containing less than

10 components (Schellinger and Carr, 2006).

Mobile phase composition plays an important rolenwproving the resolution and the
runtime in particular, changing the percentagehaf organic solvent changes the peak

spacing. Changing the pH of the mobile phase mag hhve a major effect on peak
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spacing particularly if the sample contains acidicbasic compounds. The final HPLC
method should be carried out with a run time thats short and practical as possible (10 —
20 minutes) allowing a wide range of samples tameysed (Dolan et al., 1998; Snyder et
al., 1988).

1.5.3 Validation of an analytical method

The applicability of analytical methods is assessgd validation process. Validation is
the formal and systematic way to demonstrate thialslity of a developed method for
testing the analyte to provide useful analyticahdaithin defined limits (Maldener, 1989).
Method validation studies comprise the overall pohoe established during method
development including sample preparation, analgsdthe assessment of the results. The
applicability and the requirements mainly dependh@nanalyte being tested, the analytical
method used and the area of application of the odetQuality control procedures for
pesticide residue analysis were provided by Eunop@ammission guidelines in 2006
(SANCO/10232) for acceptance of a method (Eurogeammission, 2006). The most

common validation parameters for the analyticalhods are discussed below.

1.5.3.1 Selectivity and specificity

Selectivity is the ability to separate the targealgte from interferences present in the
sample. It is considered the most important paramatthe analytical method validation
to provide accurate analyte measuremedsmmonly, the term selectivity is used
interchangeably with the term specificity. Actualyhen the method is poorly selective, a
serious mistake is made by describing it as smecitherefore, one should distinguish
between these two terms. Selectivity refers toabuity of the method that can produce
responses for a number of analytes in the compkxixnrand discriminate the response of
a single analyte from the other (Vessman, 1996)ilat/tspecificity describes the method
that produces a response for only one single analyte International Union of Pure and
Applied Chemistry (IUPAC) recommended the promotadrthe selectivity concept and
settled the problem by expressing the idea thagci§ipity is the ultimate of selectivity”
(Denboef and Hulanicki, 1983; Vessman et al., 200Apalytical chemists in
chromatography, therefore, should use these twostearefully and selectivity should be
given top priority in all analytical method devefopnts (Aboul-Enein, 2000). Usually,
with using UV detection in HPLC analysis the terfrselectivity is very common since it
can detect many components present in a samplesdlbetivity should be tested against

all components present in the sample matrix byguaibblank sample with and without the
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analytes. These components or interferences havéetcseparated with acceptable
resolution (R> 1.5) (Maldener, 1989).

1.5.3.2 Accuracy and precision

The accuracy of an analytical method refers to dloseness of the measured value
obtained to the true value. Practically, no measerg process is ideal, therefore, the true
or actual value can not be exactly known in anytipaar measurement. Certified
reference materials (CRMs) can be used to assessdturacy of the measurements
determining the difference between the measuredevahd the true value and then to
estimate the size of the actual error. CRMs areténmals or substances, one or more of
whose property values are certified by a procedbet establishes traceability to an
accurate realisation of the unit in which the propealues are expressed and for which
each certified value is accompanied by an uncdytaah a stated level of confidence”
(King and Grp, 2003). Quantitatively, the accuraoygl the precision are essential to assess
the associated errors in the analytical method (Maand Samara, 1999). Thus, it is
crucial to identify the sources of errors affectihg accuracy and subsequently to find a

better procedure to remove and reduce the impabtiest errors.

Experimental errors are classified into three maypes; gross, systematic and random
errors. Gross errors are defined as the errorsrspdamage to the experiment and require
a new experiment. Systematic errors are that tineesarrors remain constant for the
measurement repeated under the same conditionstefimebias is used to describe a
systematic errorNormally, the bias of a measuring instrument carcéleulated by the
observed value that is described as being biasstdiygoor negative when a systematic
error is present. Some sources of systematic einatsde spectral interferences and
standard preparation. Random errors can be defisethe errors which vary randomly
when replicate measurements are carried out uddetical conditions. This type of error
is inescapable and requires the utmost of care itormse. Random errors affect the
precision, whereas both random and systematic sirdluence the accuracy. Another
parameter incorporating random and systematic ®rsazalled uncertainly. It is commonly
used to describe a realistic range within which thee value of the quantity being
measured is expected to lie (Miller and Miller, 30Currell, 2000). Sample preparation is

the main parameter affecting uncertainty measuréeéeyer and Majors, 2002).

The precision of an analytical method is definedihes degree of an agreement among

individual tests obtained when the method is applite multiple sampling of a
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homogenous sample. It is usually expressed in tefrakandard deviation (SD) or relative
standard deviation (RSD%) for more than five regikcmeasurements of the standard at
low, mid and high concentrations. Four types ofc@ien can be characterised.
Repeatability (instrument precision) is evaluatgdrépeated measurement of the same
sample to test the efficiency of the instrument.iWstrumental measurements produce
some random error or noise which is difficult tonmve. However it can be evaluated by
suitability testing. The second type is repeatgbiintra-assay precision) which is assessed
by repeating sample analysis in one laboratory iy analyst using the same conditions.
The third type is intermediate precision obtainsthg the same laboratory and analytical
procedure under different operating conditions. tiyasthe most important type of
precision is reproducibility when analysing the sasolution under different conditions

including different laboratories, analysts andmnsents (Green, 1996).

1.5.3.3 Linearity and range

The linearity of an analytical method refers to #ifdity to obtain results either directly, or
after mathematical transformation proportional e toncentration of the analyte in the
sample within a given range (Shabir, 2003; Chandiad Singh, 2007). Linearity is
established by measuring the instrument responsesafficient number (at least five) of
standard solutions in the expected range of thé/@ndt is estimated by the equation of
the regression line (y = ax + b) by plotting cortcations (x) versus the response (y)
(Caldas et al.,, 2009). Some distributed errors exected to be associated with the
regression line. The error source from the meastgggonse is more than the error in the
preparation of a sample concentration. Typicalhg torrelation coefficient is used to
express the acceptability of the linearity of tegression line (Chandran and Singh, 2007;
ICH, 1994). However, according to different viewsthe literature, there is a problem in
the terminology used for linearity criteria. AutBorefer to five different expressions for
the linearity criteria including r,%r correlation coefficient, correlation coefficiewith r
and correlation coefficient witt.r Statistically, the Pearson Product-Moment Cotiata
Coefficient (PMCC) is typically denoted as r. Iretbase of a straight line graph, the value
r? is the same as the coefficient of determinatiod denoted as Rwhich is calculated
from the regression line of the calibration curvevided R as a decimal by Excel, but is
given as percentages if multiplied by 100. The gafif is always slightly smaller than r
(Miller and Miller, 2005). The coefficient of detamation R (*) explains the variation
from the regression line as a percentage. Thevtatability is expressed by the variability

that can be explained from the regression linetaademaining variability is due to other
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unexplained factors. For example #is 89% that means 89% of the variability of the
response of y from the regression line can be egidaand 11% of the remaining

variability is unexplained.

Linearity criteria are reported as a mixture ofretation coefficient of r and coefficient of
determination R (r?) values. Typically, a correlation coefficient ofore than 0.995 is
considered acceptable for the analysis of bioldgiamples for HPLC assdjrnoux and
Morrison, 1992). While for an HPLC method of phaomatical samples at low levels the
correlation coefficient should be 0.98 (Green, 1996). The linearity specificatiom fo
autosampler performance is acceptable whes ©.998 or more (Hall and Dolan, 2002;
Shabir et al., 2007). Whereas under most conditithrescorrelation coefficients according
to Chandran and Singh (2007) should be greater th@899. In analytical practice,
calibration curves with correlation coefficient alues greater than 0.99 are relatively
common (Miller and Miller, 2005).

The range of the method is the interval betweerugiper and lower levels of an analyte in
the sample with acceptable accuracy, linearity predision (Shabir, 2003; Chandran and
Singh, 2007). The range is estimated on eitheneafi or nonlinear response curve, using
the data of the linearity studies and the intenalgglication of the method (Green, 1996).
Misinterpretation of the determination of the rangan be avoided by plotting the

concentration or (log concentration) either agaihstdeviation from the regression line or
against the ratio of response to concentrationoilmear calibration may be required in a

specific analytical method but mostly a linear typehosen (Chandran and Singh, 2007).

In chromatographic measurements, three calibratiove methods are used to quantify the
analyte accurately: standard addition, externahdg#ted and internal standard methods
(Wieling et al., 1992)The standard addition method is practically suédblsamples with

an analyte concentration close to the sensitivitytIto solve the matrix effect problem.

The drawback of this method is that each samplet imeianalysed many times and it is
suitable for measuring only a small number of s&sipin the external standard method, a
compound present in pure solution is analysed agggrfrom an unknown sample under
the same conditiongdowever, this method has some disadvantages, eaach step

must be controlled regularly (Wieling et al., 199Ph)e use of the internal standard method
IS very common to achieve precise results in enmvirental applications. It can decrease
the contribution of systematic errors to the t@abrs of the determination (Ostroukhova

and Zenkevich, 2006). The internal standard caadoked before sample pre-treatment to
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improve the reproducibility of the analytical meththus eliminating the variance of the

injection volume in the chromatographic systemadidition, it can correct for any losses

of the analyte during sample preparation. In soases, adding the internal standard can
be done immediately before the chromatographicyarglrather than before sample

preparation but this can only correct for analyteslassociated with the chromatographic
measurements not the entire of the analysis proed@stroukhova and Zenkevich, 2006).

The internal standard should be selected to mihcanalyte, thus important criteria are

considered when choosing the internal standard asiats peak completely resolved, same
chemical properties as the target analyte, itsntietie time close to that of the analyte,

detectable under the same conditions as the aratgteabsent from the original samples.
However, using an internal standard may be assatiith some interference that may

cause some measurement errors. Therefore, to achiev best results, the analytical

method should be examined with and without an imalestandard in order to ensure its

suitability for use (Wieling et al., 1992; Aboul-&in, 1998).

1.5.3.4 Limit of detection and limit of quantificat ion

Limit of detection (LOD) is the minimum concentiati of the analyte that can be reliably
detected and distinguished from zero (or the ndesesl of the system), but not
quantifiable, whereas limit of quantification (LO@) the lowest level of an analyte in a
real sample that can be quantified with acceptalolmuracy and precision under stated
experimental conditions (Caldas et al., 2009; Chamdand Singh, 2007). There are
different approaches to determine LOD (commonlyihaorrectly called sensitivity) and
LOQ values (Armbruster et al., 1994). Most ofte@[and LOQ can be determined based
on the signal to noise ratio of the analyte thaidpces a response 3 and 10 times
respectively greater than the noise level of thea®mn system. Another approach uses the
relation 3.3 SD/S to calculate LOD and 10 SD/SLHOQ where SD refers to the standard
deviation of the detector response and S is thgesbd the calibration curve. In the case of
LOD, the value 3 usually is applied by many analysstead of the value 3.3, equivalent
to the probability of the error as 7% rather th& B Chandran and Singh, 2007; Oteef,
2008). The standard deviation can be calculateédeastandard deviation of replicate blank
sample responses converting the peak area respmmeacentration. This method is not
desirable in most chromatographic measurementsubecde peak area response is not
measurable in most blank samples. In HPLC methdidateon, the approach selected to
calculate the LOD and the LOQ has to be fixed toicdiscrepancy (Vial and Jardy,
1999). Statistically, the easiest method to measheelimit of detection is through the
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regression line of a low range of standard conetiotrs (Miller and Miller, 2005; Oteef,
2008). The LOD gives a signal (peak area) equatlh& blank signal (¥) plus three

standard deviation of the blank signal 88s in the following equation (see Figure 1:5):

Limit of detection of the peak area £¥3% ... (4)

Peak Area

YB + 1OSB

YB + 35B

LOD LOQ Concentration

Figure 1:5. Calculating the LOD and the LOQ from th e calibration curve depends on the
standard deviation of the peak area.

The calibration curve is plotted at low range caricgions in the Microsoft Excglsheet,
the intercept and standard deviation of the regyaskne are replaced bygyand §
respectively to calculate the LOD peak area. Inddime manner, the LOQ peak area can
be determined by replacing 8®ith 10Ss. It is better to express the values of the LOD and

the LOQ by concentration unit.

In chromatographic analyses, an alternative metbazdiculate LOD and LOQ is through

determining the standard deviation of the respaiseplicate injections of standards at
low concentrations. The LOQ is confirmed by anadgsa number of samples known to be
near or prepared at the quantification limit. Ugyalive to ten times of the minimum

detectable quantity value can be injected for gtative measurement (Lawrence and
Leduc, 1977). In order to make an accurate evanoaif the residue in the real sample, the
limit of detection of the compounds in the samplatni® should be the same as that

obtained for a pure standard solution.
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1.5.3.5 Recovery

Quantitative analysis is used to determine acclyrdélte amount of analyte. A recovery
study is an important factor in the validation teakeiate the accuracy of the analytical
method (Caldas et al., 2009). It is a measure @fefficiency of the analytical method to
separate and determine the analyte from the samatax after extraction and analysis
achieving high recovery with minimum matrix inteéace at the final measurement step.
Recovery has been defined by the IUPAC as “tlopgtion of the analyte quantity,
present or added to the analytical portion of niatertested, which is extracted and
presented for measurement” (Thompson et al., 1998nmonly, in pesticide residue
analysis, recovery studies are performed on a b&amkple spiked with the analyte of
interest, tested at different fortification level&enerally, there are more than five
replicates for each sample at different spikingelswvhich should be in relation to either
the limit of detection of the analytical methodtbe maximum residue levels (MRLS) of
the pesticide in a specified food sample. It isongnt to obtain high recoveries (close to
100 %) with good precision and small changes inetkgerimental conditions should not
affect the robustness of the recovery values (Wieét al., 1993). Most often, recoveries
of organic compounds are acceptable in the rang&0of 110% (Linsinger, 2008).
Recovery values vary depending on many factoraudiiefy the sample matrix, sample
preparation procedure, properties of the analytentdrest and its concentration. Poor
recovery rates can be presumably caused by extnaptbcedure, evaporation, adsorption
and degradation (LeDoux, 2011). Some recoverieeezkd 00% but this may be due to
some variability during the extraction (e.g. presenf waterin the potato peel) or HPLC
analysis interferences (Linsinger, 2008; Wielinglet 1993).

After optimisation and validation of the analyticakthod produces high recovery rate, it
can be applied to real samples for quantitativeerd@nation of the analyte of interest.
Some laboratories use the recovery values to dovedges and others do not (Thompson
et al., 1999).



Nidhal M. Sher Mohammed 2012 Ch 1/ 69

1.6 Aims and objectives

In the UK, due to the increasing concern over thxécity of chlorpropham (CIPC) and its
application in potato stores, there is a requirdntenfind alternative potato sprout
inhibitors to be used. Attention is being giventb@ naturally occurring chemical 1,4-
DMN which is currently used in many countries ardtine world. Prior to the introduction
of this sprout inhibitor to the UK for commerciadey it is important to investigate its fate
in potato samples for human consumption and sulesgigun the environment. The main
aim of this study is to investigate the level ahd behaviour of 1,4-DMN, CIPC and its
degradation product 3-CA in potato samples, potatshing water and soil. Therefore, the

work in the chapters of this thesis includes:
1. Development and validation of isocratic HPLC-UV hweats including:

a. Developing methods for the analysis of 1,4-DMN atsdinternal standard 2-
methylnaphthalene (2-MeN) using acetonitrile fothbthe mobile phase and

standard preparation.

b. Testing three HPLC systems with the aim of selgctive best system for the
remainder of this study.

c. Developing methods for the analysis of 1,4-DMN akéMeN and the
simultaneous determination of both CIPC and itsralggtion product of 3-CA
using methanol to overcome the problem of the aiteile shortage at the time
of the performance of this part of the study.

2. Prior to developing analytical methods for the ditative measurement of the
residues of the studied compounds in potato waskiater and soil samples,

important preliminary work required the investigatiof:

a. Solubility, degradation and quantitative analysisl@gi-DMN, 2-MeN, CIPC

and 3-CA in water solutions.

b. Testing their potential adsorption on laboratoryevihat is commonly used for

collecting samples and for analytical determination



Nidhal M. Sher Mohammed 2012 Ch1/70

3. Developing and validating a new analytical methodthe determination of CIPC
in potato samples using methanol as the extractiolgent to overcome the

acetonitrile shortage.

4. Evaluation of a new CIPC method to include 3-CAyeistigating different
parameters including potato variety, extracting/eot, extraction method, spiking
procedure and different treatments for potato sampWwith the aim being to
understand how 3-CA is held on the potato peel impsoving the extractability of
3-CA.

5. Determination of both CIPC and 3-CA in commercialgto samples, investigating
the effects of fogging temperature and number &fCapplications in potato stores

on CIPC and 3-CA residues in treated potato samples



Chapter 2: Routine methods and preliminary

assessments

2.1 Routine methods

2.1.1 Preparation of stock standard solutions

Analytical reagents were used from 1,4-dimethyltalene (95%), 2-methylnaphthalene
(97%), chlorpropham (95%), 3-chloroaniline (99%)dapropham (99%) which were
purchased from Sigma-Aldrich Chemi GmbH (Germarfyjock solutions of 10 000
ng/mL of each were prepared by dissolving 1 g i@ & each of acetonitrile, methanol
and hexane (HPLC grade, Fisher UK). These indiVidtiack standard solutions were
stored in a refrigerator and used to prepare theking solutions at different

concentrations.

2.1.2 HPLC systems

The main HPLC system used comprised a GILSQR4-auto sampler, Cecil 1100 Series
pump, Phenomen&®&ecurity Guard™ (part no. KJO-4282) guard colunith &nalytical
column Phenomen&x(ODS-2 250 mm x 4.6 mm 5 pm Sphereclone) and anide
Separation SpectraSERIES UV100 detector coupled Wibnex Peaknet software. A
column oven (LaChrom, Merck L- 7350) was connectéth a cooling system (Techne,
Tecan? R 4-2) to control the column at 25 °C temperatQtier HPLC systems were also

used as described in Section 3.2.2.2.

2.1.3 Preparation of the mobile phase

The mobile phase for HPLC analysis was preparet fvoganic solvent of acetonitrile or
methanol and water (v:v%). The water used for pagpen of the mobile phase was
supplied from a Elga Purelab Option deioniser mdd&613, then filtered through a
Supof-200 membrane filter (47 mm 0.2 um). The mobilesghaas degassed either using
an ultrasonic bath (Camlab CamSonix C425) or heljas

2.1.4 Method validation

The HPLC analytical method was validated througle thssessment of different

parameters:
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2.1.4.1 Precision

The precision was assessed by repeated injectioatleast ten replicate injections of a
standard solution. The precision was calculatedutin the peak area by determining the

relative standard deviation (RSD%) as follows:
RSD% = (SD/M) * 100
Where SD is the standard deviation of the peak aned\ is the mean of the peak area.

2.1.4.2 Linearity

A set of standards at different concentrations wapared and injected. Linearity was
evaluated according to the relationship betweenpiak area of the compound and its
concentration. Exc@l software was employed to plot the calibration eufer each
compound in the solution. From the regression lihe, coefficient of determination {R

was obtained to statistically assess the lineaticgiship.

2.1.4.3 Limit of detection and quantification

The limit of detection (LOD) and the limit of qué#idation (LOQ) of compounds in
solution were calculated by two approaches, thst fapproach was by ten replicate

injections of a single solution as following:
Peak area for LOD =3 * SD

LOD = Peak area for LOD * (Conc. / M)
Peak area for LOQ =10 * SD

LOQ = Peak area for LOQ * (Conc. / M)

Where SD and M are the standard deviation and roédme peak area respectively and

Conc. is the concentration of the solution injected

The second approach to determine the LOD and th@ i@s based upon the statistical
data from plotting the calibration curve in the ktisoft Exce? sheet at the lowest range of
the concentrations (0.02 — 0.1 pg/mL). These s$itisdata consist of the intercept, slope

and the standard deviation of the regression I8i®)( after calculating the LOD and the
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LOQ peak area depending on the above informatioth@fregression line, the LOD and

the LOQ were determined according to the followeogiations:

LOD Peak area = intercept + 3 SD

LOD= (LOD Peak area — intercept) / slope

LOQ Peak area = intercept + 10 SD

LOQ= (LOQ Peak area — intercept) / slope

The statistical data of the regression line (sgeifei 3:12 and Table 3:9) were summarised

as an example in the table below:

Table 2:1. The statistical data of the regression | ine obtained from the Excel © sheet to
determine the LOD and LOQ values of 1,4-DMN from th e calibration curve in the range 0.02 —
0.1 pg/mL solution of 1,4-DMN.

Statistical data 1,4-DMN
Slope 32892210
Intercept 51446
Line SD 60918
Peak area of LOD 234199
Peak area of LOQ 660622
LOD (ug/mL) 0.0056
LOQ (ng/mL) 0.0185

2.1.5 Preparation of potato samples for analysis

Potato tubers were randomly selected from bagshwiiere obtained from UK stores that
had received CIPC application. Washing for two reswnder cool running tap water was
carried out to remove the soil and any CIPC that beadsorbed on to the soil. After air-
drying, the weight of each potato tuber was reabng&ing a top pan balance, each tuber
was peeled with a stainless steel peeler and thghtvef the total peel was recorded.
Using a kitchen knife and chopping board, the péethe tuber was chopped into fine
pieces and carefully mixed to obtain good homoggneiltimately, a subsample was

taken for extraction.
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2.1.6 Soxhlet extraction

The peel was placed into a cellulose thimble, whiohtained 10 g of the drying agent
sodium sulphate to remove the water from the pgtatd. The thimble was plugged with
cotton wool and placed into a Soxhlet extractiort pnor to extraction with 150 — 200 mL
of solvent. The peel was extracted for approxinyate hours after the first reflux. The
heater was then switched off but the cooling watas left running for 20 minutes to allow
the extract to cool. For HPLC analysis, the extractthe round bottom flask was
guantitatively transferred to a volumetric flaskdamade up to volume, then filtered
through a 0.2 uym PTFE (Teflon) membrane syringerfiprior to analysis. For GC
analysis, the extract was concentrated using ayretzaporator (Blchi Rotavapor RE111)
coupled to a water bath (Grant JB2 thermostat)5af@ to evaporate the solvent. The
concentrated extract was transferred quantitatiteely volumetric flask (2 mL) and made

up to volume.

2.1.7 GC analysis

Analysis was performed on a Hewlett Packard HP B88&s chromatography with a
Flame lonisation Detector (FID), HP 7633A auto sknpnit and DB-1 column (30 m,
0.53 mm i.d., 1.5 um film thickness). The oven pamg was started at 40 °C for 4 minutes
then increased at 55 °C/min up to 175 °C and h&ldl® minutes, then 15 °C/min up to
230 °C and held for 10 minutes. The injector terapge was set at 220 °C and the
detector at 250 °C. An internal standard of 100migo6f IPC was used to overcome the
variability of injection volume caused by the aatopler. A mixed standard of 100 pg/mL
of CIPC, IPC and 3-CA prepared in hexane was iageat duplicate, setting the injection
volume to 2 pL. The retention times were approxetya6, 10 and 15 minute for 3-CA,

IPC and CIPC respectively at a run time 18 minute.

2.1.8 pH measurements

A Mettler Delta 320 pH meter coupled with plastadied pH electrode (Fisher brand) was
employed to measure the pH of all standard andaeixsolutions. The pH meter was
calibrated by buffer solutions of pH 4 and 7, whielre prepared by dissolving one tablet
in deionised water and made up to 100 mL to produbeffer solution of each pH at 20
°C.
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2.1.9 Estimation of the water weight percentage in potato peel

The water percentage was measured by weighing freshinto a crucible which was
placed in an oven (Gallenkamp, Hotbox Oven Sizat 100 °C overnight. Later, the dried
peel was weighed to calculate the amount of watsr |

2.1.10 Preparation Tenax traps

Tenax traps were prepared using glass tubes (6 dm3mm i.d and 105 mm length)
which were rinsed with acetone then toluene prorinbmersion in a 5% solution of
hexamethyldisilasane (HMDS) in toluene for 15 masutHMDS was used to prevent any
adsorption of compound onto the glass by deactiang bonding sites. Next, the tubes
were rinsed with toluene followed by acetone theledlin an oven at 100 °C for 15
minutes. After cooling, each tube was packed with@n bed length of Tenax GC resin
and conditioned under a flow rate of nitrogen ghhiemperature (300 °C) for 2 hours in
an oven to remove sorbed volatiles or any impwifidhe tubes were allowed to cool under
nitrogen and then removed from the oven and the ehthe tubes sealed with PTFE tape
and aluminium foil until use (Park, 2004). Aftereushese Tenax traps were washed with
150 mL of ACN refluxing in a Soxhlet apparatus fohours, then dried in oven at 110 °C
overnight. After cooling, they were sealed with [daftape and aluminium foil and stored
in the fridge at 4 °C until reuse.

2.2 Preliminary assessments of the study

2.2.1 The accuracy and precision of pipetting

In order to validate the accuracy and precisiothefpipettes required to prepare standard
solutions in this study, 10 aliquots of 1 mL waded the same for acetonitrile at ambient
temperature were put into a Quick fit container seighed on an analytical balance using
a glass pipette type B mL (x 0.015) and micro fg¢P1000 Gilson). The accuracy was
measured through the bias% by converting the meaghivof the aliquots to true volume
at the test temperature (17 °C). The densitiesaiEwand acetonitrile at this temperature
are 1.0022 and 0.786 g/mL respectively. The precisif the pipette was measured as the
relative standard deviation (RSD%). The calculatiare shown below:

Bias% :M *100
Vo

Vt = Mw/D
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RSD% = (SD/Mw) * 100

Note:

Vt : true volume

Vo: indicated volume (1 mL)

Mw: mean of replicate weights

D: the conversion factor for density at given tenapare

SD: standard deviation of replicate weights (n ¥ 10

The results are shown in Table 2:2.

Table 2:2. Bias% and RSD% values for the pipettes.

Pipette Bias% RSD%

Water ACN Water ACN
Glass Pipette 1 mL B (x 0.015) 0.57 0.55 0.45 0.08
Micro Pipette (P1000 Gilson) -0.14 -2.49 0.23 131.

Bias% and RSD% values in this table were compargld the bias% and the RSD%
specifications of the micro pipette (P1000 Gilséor) the calibration of volumetric ware
which should be = 0.8 and 0.15 respectively using distilled water whilst tlederance
(limit of bias%) of the glass pipette was + 1.5%5(B1986). Experimentally, the glass
pipette was shown to have higher accuracy and gpoecithan the micropipette for
acetonitrile, but using the micropipette gave maceuracy and precision for water. This
could be due to the differences in the physicaperties e.g. the viscosity and the density
of water compared to acetonitrile.

2.2.2 The accuracy and precision of standard prepar  ation

The accuracy and the precision of preparation afddrd solutions were examined by
preparing five solutions of the same concentratiopg/mL) of a mixture of 1,4-DMN and
2-MeN using a glass pipette type 1 mL B (x 0.018) aising a micropipette (P1000

Gilson). These solutions were injected into thréd_8 systems and then the accuracy and
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the precision were measured for each compound laetdcuas the relative bias% (the

difference between the two types of pipettes) aB® Rb6 as shown below:

IMPA usingmicropipete- MPA usingglasspipette], 100

Relative bias% : .
[MPA usingglasspipette]

RSD% = D
MPA

*100

Where MPA is mean peak area for five replicates.

Table 2:3. RSD% and Bias% values of 1,4-DMN and 2-M eN on three HPLC systems in
solutions prepared by glass pipettes and micropipet tes.

HPLC SYSTEM RSD% (n = 5) Bias%
Micro pipette Glass pipette
2-MeN  1,4-DMN 2-MeN 1,4-DMN 2-MeN 1,4-DMN
Hitachi DAD 0.44 0.31 0.68 069 -235 -2.05

(auto sampler)

SpectraSERIES UV100 2.89 3.18 0.67 1.01 -267 -264
(manual injector)

SpectraSERIES UV100 0.31 0.38 1.30 064 -—-256 -1.80

(auto sampler)

The RSD% values indicated a high precision pawsityl with the HPLC systems
consisting of an auto sampler injector comparethéomanual injector. The Bias% values
showed that there is little variance between tlas%i of the peak area of each compound
on each system. These values largely refer torsydie errors during the preparation using

volumetric glassware because the micropipette eedia small volume.

From these above experiments the glass pipettemasen for preparation of the standards

in this study.
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2.2.3 Determination of maximum absorption of studie d
compounds

A UV-VIS Scanning spectro photometer Shimadzu UdIRC was used to measure the
wavelength {may) at maximum absorbance for 1,4-DMN, 2-MeN, CIPEBCland 3-CA in
both solvents of methanol and acetonitrile in tege 200 — 400 nm. Th@x iS required

to detect these compounds for HPLC analysis andngure there is no absorbance of
solvents in this range. A 1 pg/mL standard of eafch,4-DMN and 2-MeN and 5 pg/mL
of each of CIPC, IPC and 3-CA was prepared andyaedl

From the spectra as shown in Figure 2:1, it casdamn clearly that there is a broad band
with a shoulder of these compounds in the methaobltion (cut off 205 nm) which
caused overlapping of the peaks for all of the coumgls; therefore it was difficult to
identify the maximum UV absorbance and optimum Jewgth Anax Of these compounds

in methanol.
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Figure 2:1. UV spectra of methanol and studied comp  ounds in methanol solutions.

In contrast, using solutions of these compoundpgresl in acetonitrile solvent showed

strong UV absorbance at the optimum wavelengtiha/s in Figure 2:2.
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Figure 2:2. UV spectra of acetonitrile and studied compounds in acetonitrile solutions.

The optimum wavelength for 1,4-DMN at 228 nm wasoatonfirmed by Beveridege
(1979) and Oteef (2008). Therefore, this wavelerwgis selected and established in the
separation method for the detector wavelength @ HIPLC systems in this study. The
optimum wavelengthmax of both CIPC and 3-CA was 207 nm which will becdissed

later in Section 3.4.3.3.



Chapter 3: Development and validation of HPLC
methods for the analysis of the potato sprout

inhibitors 1,4-DMN and chlorpropham

3.1 Introduction

The fundamental aim of developing an analyticalhuodtis to separate and quantify the
analyte in a mixture of compounds. A reversed phdBeC (RP-HPLC) technique was
selected for the determination of 1,4-dimethylnbpléne (1,4-DMN), 2-

methylnaphthalene (2-MeN) as internal standardyrphbpham (CIPC) and its metabolite
3-chloroaniline (3-CA) using an internal standafdpoopham (IPC). Separation of the
intended compounds is the first step of method ldgweent. To achieve the best
separation with good resolution, the chromatogm@ptonditions should be optimised
selecting the specific detection wavelength andosing an appropriate HPLC column,

column temperature and mobile phase composition.

The type of organic solvent used for preparatiothefmobile phase and standard solutions
has a major role in RP-HPLC. The most commonly usetvents are acetonitrile,
methanol and tetrahydrofuran. This project beganguacetonitrile as the main solvent for
developing a method for 1,4-DMN and its applicatiorenvironmental samples. Because
of the global shortage of acetonitrile of betwe®0&and 2009, it was necessary to find an
alternative solvent to acetonitrile, to continuéstproject. Methanol was selected as a

potential substitute due to its similar separatibaracteristics to acetonitrile.

Commonly, the UV detectors used for HPLC are singlavelength detectors for
quantitative analysis. Whilst, for more qualitati@ed quantitative information about the
sample, diode-array detectors (DAD) may be emploiyedneasure the absorbance at

multi-wavelengths simultaneously.

Validating the HPLC method is crucial to prove theceptability of the method and
suitability for its intended purpose. In order tevdlop and validate a method, many
specifications are required. Generally, developnraethods for regulatory submission
should be based on studies of specificity, accyrpmcision, linearity, range, robustness,

limit of detection and limit of quantification (Gea, 1996).
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Adding an internal standard to the calibration mdths a good approach used to

compensate for losses during sample preparatiomatrdmental measurement.

The work reported in this chapter describes theeldgwment of isocratic HPLC-UV
methods for the analysis of the potato sprout itdib 1,4-DMN and chlorpropham and its
degradation product 3-CA. To achieve an effectivelgical method with efficient
separation and high resolution, two major factoeseninvestigated; column selection and
the optimisation of the mobile phase compositiomede RP-HPLC methods were
validated for four major parameters including repbaity or intra-day precision, linearity,
the limit of detection (LOD) and the limit of qu#idation (LOQ).
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3.2 Method development and validation of 1,4-DMN an  d 2-
MeN using different HPLC systems and acetonitrile

as the eluent

3.2.1 Introduction

Polycyclic aromatic hydrocarbons (PAHs) are conmgdeto be group of environmental
contaminants that can have serious health effastsjany of this class of compounds are
known to be carcinogenic (Jiang et al., 2011; Céteal., 2005; Ruchirawat et al., 2010).
Numerous applications of HPLC in the separation apuntification of PAHs in
environmental and biological samples have beenrtepdGarcia-Falcon et al., 2004; Lu
et al., 2011; Ren et al., 2010; Kicinski et al.82p One of the applications used involved
HPLC coupled with ultraviolet absorption spectrgecaUV) for the separation and
identification of a series of PAHs (Xie et al., 9The analysis was performed on an
ODS column using methanol-hexane (80:20) as mbisse at flow rate of 1.0 mL/min

and the UV detection was in the region 210 — 350 nm

As mentioned previously, the scientific literatdioe the determination of 1,4-DMN is very
limited. Very few numbers of analytical methodsriduvere based on RP-HPLC. O'Hagan
(1991) developed an analytical method for the asalpf 1,4-DMN residue in potato
extract using stationary phased of; Gctadecylsilane packed column and a mobile phase
of methanol/water (70/30) mixed with 1 mL acetigdat¢he retention time was 5 minutes

at a flow rate of 2.0 mL/min and UV detection a028n.

Recently, Oteef (2008) optimised an HPLC-UV sepanainethod for the analysis of 1,4-
DMN by studying the behaviour of a mixture of sev@mers of dimethylnaphthalene and
other related compounds under different chromafdgcaconditions. The best separation
was achieved using a Supleclo Supelcosil ODS+2) (€dlumn at a temperature of 12 °C
with 40% (v/v) acetonitrile as a mobile phase aflav rate of 1.5 mL/min and a

chromatographic run time of 75 minutes. The metbmdided a good separation for most
components in the mixture, in addition, good limtyaand precision were obtained through

method validation.

The main objective of the work in this section wawvalidate an HPLC separation method
for the analysis of 1,4-dimethylnaphthalene (1,4fDMnd 2-methylnaphthalene (2-MeN)

(as an internal standard) employing three HPLCesyst A further objective was to
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compare the sensitivity of a Hitachi diode arrayed®r (DAD) and a SpectraSERIES
UV100 single wavelength detector for the determamabf these compounds. This initial
step was important to select the best HPLC syst@timising the chromatographic
conditions prior to determination of 1,4-DMN in ptt and environmental samples. The
analytical method was validated according to iragamal conference on harmonisation
(ICH) guidance for validation of analytical procedu(ICH, 1994) by examining the
precision of the HPLC instruments used in this gtudilidation of the linearity of the
calibration curve and calculating the limit of degten (LOD) and the limit of
quantification (LOQ).

3.2.2 Materials and methods

3.2.2.1 Materials and standards

See Sections 2.1.1 and 2.1.3 for preparation ofstaedard solutions (1,4-DMN and 2-
MeN in ACN) and the mobile phase (from ACN and wgatespectively.

3.2.2.2 HPLC systems

Three HPLC systems were used during this work;hitef details of these systems are

summarised below:

» Hitachi (autosampler) system: an autosampler Métitkchi L-7200 and Merck
Hitachi L-7100 pump were coupled to a Merck Hitack500 diode array detector
(DAD), the output was recorded by Merck Hitachi Q0D software version 4.1.

e SpectraSERIES UV100 (manual) system: the manuaktoj was a Rheodyne
model 7125 and the pump used was a Cecil 1100sSéniese were connected with
the thermo separation products SpectraSERIES UVdé@ctor and Dionex

peaknet software.

e SpectraSERIES UV100 (autosampler) system: an aufgdsa Merck Hitachi L-
7200 and Merck Hitachi L-7100 pump were coupledatdhermo separation
products SpectraSERIES UV100 detector and Dionekrpet software.

3.2.2.3 Chromatographic conditions

Separation was performed on the three HPLC systerdsr the same conditions using a
Jones chromatography column (Hypersil ODS 5 um, 260 x 4.6 mm) at ambient
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temperature. The mobile phase consisted of 70%sitete and 30% water at a flow rate
of 1.5 mL/min and a run time of 10 minutes. Thesation volume of the sample was 20

puL and the detection was set at a wavelength oin?28

3.2.2.4 Assessment of the precision for HPLC system s

The precision of the three HPLC systems was eveduttlowing repeated injections (n =
10) of 1 pg/mL mixture of 1,4-DMN and 2-MeN by callating the relative standard
deviation (RSD%) (see Section 2.1.4.1).

3.2.2.5 Linearity of Calibration Curve

Two sets of mixed 1,4-DMN and 2-MeN standards wprepared. The first set of
standards consisted of the following concentratwi3.2, 0.4, 0.6, 0.8 and 1.0 pg/mL. The
second set of standards consisted of lower coratents than the first set of 0.02, 0.04,
0.06, 0.08 and 0.10 pg/mL. The different sets ahdards were injected as duplicates into
the three HPLC systems (see Section 2.1.4.2).

3.2.2.6 Limit of detection and quantification

Two procedures were applied to calculate the lowestentration of detection (LOD) and

lower limit of quantification (LOQ) of 1,4-DMN ang-MeN. The first procedure consisted

of repeated injections of two single solutions df @nd 0.01 pg/mL. Each solution was
injected ten times into the three HPLC systems. Sdwond approach derived the LOD and
LOQ values statistically from the regression lifehe lower range of the concentrations
in the calibration curve (0.02 — 0.1 pg/mL) as diéed in Section 2.1.4.3.

3.2.3 Results and discussion

3.2.3.1 Chromatographic conditions

The separation process as a preliminary step f@agstical role in quantitative analysis
and method development. The main aim of this preposork was to choose a simple
method achieving good separation of 1,4-DMN andhitsrnal standard 2-MeN employing
three HPLC systems under the same chromatographditmons. In this study, 2-MeN was
used as an appropriate internal standard to mih@cvariation of any loss of 1,4-DMN

during the sample preparation or instrumental amalyit was also selected by Oteef
(2008) for the resemblance of its behaviour to DMN in the extraction and

chromatographic separation procedures after comgpariwith a number of other isomers
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and related compounds (such as 2-ethylnaphthaldnethylnaphthalene and n-

butylbenzene).

The chromatographic conditions chosen in this stachjieved good separation with high
resolution between the closely eluted peak 2-Metll BA-DMN peak at a short retention
time of approximately between 4.5 — 5.5 and 5.506-ndinutes respectively, as shown in

Figure 3:1.
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Figure 3:1. Chromatograms of 1 pg/mL mixture of 1,4 -DMN and 2-MeN of three HPLC
systems: a- Hitachi DAD-autosampler, b- SpectraSERI ES UV100-manual injector and c-
SpectraSERIES UV100-autosampler.
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This slight variability of the retention time bet&rechromatographic systems can be due to
various factors regarding the different specifisatiof each HPLC system, column
temperature and length of tubing between the iajeeind column. In particular, the
column aging and the prolonged usage of the Jonesmatography column could also
cause the drifting in the retention time.

Ultimately, some modifications are required for tbleromatographic conditions. For
example, the column temperature during this expamimivas ambient and not controlled
and in order to overcome the temperature effecthenretention time, a column oven is

recommended.

3.2.3.2 Assessment of the precision for the HPLC sy  stems

Precision is important to achieve consistent quainte data. A peak area is preferred for
precision calculation over peak height due to theability of using the peak height, which

is effected by some parameters such as the colemperature and the flow rate of the
mobile phase (Snyder et al., 2010; Bakalyar and{{dr976).

The precision results on the Hitachi- autosamplBLE system showed little variation in
the peak area between the chromatographic runddtr 1,4-DMN and 2-MeN when
compared with high variability of the SpectraSERIE8100-manual injector system as
shown as the RSD% of peak areas in Table 3:1.

Table 3:1. RSD% values estimated of drifting the pe  ak area on two HPLC systems.

HPLC system Injector RSD% of peak areas (n = 10)
2-MeN 1,4-DMN

Hitachi DAD Autosampler 0.91 0.56

SpectraSERIES UV100 Manual 2.90 3.10

The precision of the Hitachi DAD-autosampler sysigas better than the SpectraSERIES
UV100-manual injector system, possibly due to tee af manual injector. However, the

precision of the manual injector can be increasedabculating the ratio of the peak area
of 1,4-DMN to 2-MeN for ten replicates to give a®B% of 0.6. When plotting the peak

areas of both compounds against the injection nuntihe SpectraSERIES UV100-manual

injector system showed high drifting as well agafaitity, as shown in Figure 3:2.
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Figure 3:2. Drifting the peak area of 2-MeN and 1,4 -DMN during the day on: a- Hitachi DAD-
autosampler HPLC system and b- SpectraSERIES UV100- manual injector HPLC system.

Numerous reasons can contribute to the fluctuatiaihe peak area. Mainly, drifting was

caused by systematic variability, which changedsaerably with time and influenced the

precision of the measurement. Variations in roompterature can cause real problems for
precision measurements by influencing the colunmmprature and subsequently causing
drift in the retention time and peak area. Theu@fice of column temperature in LC is a
significant parameter in method development andanadly, ambient temperature is used.
Lowering the temperature increases the mobile phiasesity, which in turn increases the

total analysis time and column pressure. Theretbeeresolution, selectivity, analysis time

and column pressure are affected by changing themco temperature (Yoshida and

Majors, 2006).
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The influence of temperature on the precision demgon measurements has been
investigated for both reversed phase and normaebgstems (Gilpin and Sisco, 1980). It
was shown that the precision of reversed phaseersgstwas good and the largest
deviations in retention as function of temperateeur when the mobile phase was totally
aqueous. Whilst for normal phase which is morelyike be affected by temperature
fluctuations, the largest degree of error in solud¢ention was observed when the
chromatographic system included a polar stationargise with a polar mobile phase
modifier. Thus, these results indicated the impuntéaof the temperature control to

determine the level of precision in measuring sofetention.

Scott and Reese (1977) studied the effect of mimnuifference in temperature and
composition of the mobile phase on the precisioohwbmatographic measurements. They
recommended that prior to entering the column, rtiebile phase should be at a fixed
temperature and a constant density to keep themeltlow rate inside the column
constant. Subsequently, the pump has to carry ataanmass flow rate to the column.
Additionally, to achieve the required precision sw@@ment, the ambient temperature of

the apparatus room should be controlled and mamdajScott and Reese, 1977).

In the present study, the major focus was to im@rthe precision of the peak area by
stabilising the column temperature. Some tempezatariation of the mobile phase and
standard solution had an effect on the column teatpes. Therefore, the temperature of
the chromatographic system needs to be fixed asl{gntly above) ambient temperature,
which is commonly between 20 °C and 25 °C. Stahdighe temperature was controlled
by insulating the mobile phase and injecting sohgi by placing the reservoir of the
mobile phase in a polystyrene box. In addition, thebile phase was prepared the day
before it was required for analysis and kept owgrhat a fixed room temperature of 20
°C. Moreover, the standard solutions were takenabuhe refrigerator and warmed to
room temperature prior to injection. Furthermore,order to overcome the temperature
effect, controlling the column temperature is regdiusing a column oven coupled with
cooling devices (was not available at this parstoidy) to obtain stable chromatographic

conditions.

A big improvement in the precision was achieveerastabilising the temperature and re-
running the ten replicate injections of the staddaolution of 1 pg/mL of 1,4-DMN and 2-
MeN on the three HPLC systems as shown in Table 3:2
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Table 3:2. RSD% values of the peak area estimated a fter temperature stability on three HPLC
systems.

HPLC system Injector RSD% of peak areas (n = 10)
2-MeN 1,4-DMN
Hitachi DAD Autosampler 0.07 0.11
SpectraSERIES UV100 Manual 0.91 0.82
SpectraSERIES UV100 Autosampler 0.80 0.16

When plotting the peak area against the injectiomiver, little drifting of either compound

was found on the three HPLC systems as shown uré&ig).3.
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Figure 3:3. The effect of stability of temperature on the peak area for both 1,4-DMN and 2-
MeN on: a- Hitachi DAD-autosampler HPLC system, b- SpectraSERIES UV100-manual
injector HPLC system and c- SpectraSERIES UV100-aut osampler.

The three HPLC systems achieved good precisiomdtin compounds (2-MeN and 1,4-
DMN) as shown by RSD% values of the peak areassftiean 1% . The value of RSD% is
suggested to be 1% as an appropriate precision criterion for répetinjections to assess
the precision of the instrument in analytical mekivalidation. An RSD% of 5% will be

an acceptable instrumental precision for a methiddva level concentrations close to the

limit of detection (Green, 1996). In addition, R8D% of 1% or less is acceptable for the
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precision criteria in particular of the autosampp@rformance for at least six replicates
(Hall and Dolan, 2002; Shabir et al., 2007). Theref in this study the criterion for

method precision was selected to be a relativalatdndeviation of less than 1%.

In this study, the low RSD% values indicated satsiry repeatability of the HPLC
method. However, the precision of the analyticathod was better on the autosampler
injector systems (Hitachi DAD and SpectraSERIES 0¥ $ystems) than SpectraSERIES
UV100-manual injector. These results illustrate thlgility of this method and the
efficiency of these HPLC systems to be applied e toutine analysis of 1,4-DMN

residues in potatoes and other environmental sanple

3.2.3.3 Linearity of Calibration Curve

Assessment of the linearity of the calibration euns recommended to prove the
acceptability of any analytical method (Green, )9@%&nerally, to verify the linearity, five
concentration levels of standard solutions areirequo construct the regression line of
the calibration curve. In this study, a linearitgst was performed by plotting the
calibration curve between the standard concentratiod the detector response. The
linearity can be examined through the correlatioefiicient (r) which is often used as
linearity measure of the calibration curve. In cieahcorrelation analysis, coefficient of
determination (B is the more exact term used (Exner and Zvara9)198 this study, the
linearity criterion was chosen using Rf the regression line, which is suggested to be
0.990 or more. On this basis, the results illusteatgood linearity between the peak area
and the concentrations of the standard solutionsach of 1,4-DMN and 2-MeN on all

three HPLC systems as shown in the following figure
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Figure 3:4. Calibration graph for 2-MeN and 1,4-DMN
DAD-autosampler HPLC system.
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Figure 3:5. Calibration graph for 2-MeN and 1,4-DMN
DAD-autosampler HPLC system.

at range 0.2 — 1.0 pg/mL on the Hitachi
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Figure 3:6. Calibration graph for 2-MeN and 1,4-DMN at range 0.02 — 0.1 pg/mL on the
SpectraSERIES UV100-manual injector HPLC system.
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Figure 3:7. Calibration graph for 2-MeN and 1,4-DMN at range 0.2 — 1.0 pg/mL on the
SpectraSERIES UV100-manual injector HPLC system.
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Figure 3:8. Calibration graph for 2-MeN and 1,4-DMN at range 0.02 — 0.1 pg/mL on the
SpectraSERIES UV100-autosampler HPLC system.
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Figure 3:9. Calibration graph for 2-MeN and 1,4-DMN at range 0.2 — 1.0 pg/mL on the
SpectraSERIES UV100-autosampler HPLC system.
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3.2.3.4 Limit of detection and quantification

The LOD and LOQ were calculated using two approschistly by repeated injections (n
= 10) of each of the two solutions of 0.1 and Qu@ImL mixture of 1,4-DMN and 2-MeN
just above the expected LOQ approximately (5 * LAQ)the three HPLC systems as
shown in Tables 3:3 and Table 3:4.

Table 3:3. LOD and LOQ values for repeatability inj  ection of 0.1 pg/mL mixture of 2-MeN and
1,4-DMN on each HPLC system.

HPLC system Injector LOD (ug/mL) LOQ (png/mL)
2-MeN 1,4-DMN 2-MeN 1,4-DMN

Hitachi DAD Autosampler 0.003  0.003 0.011 0.008

SpectraSERIES UV100 Manual 0.007 0.006 0.025 0.018

SpectraSERIES UV100 Autosampler 0.003  0.002 0.009 0.007

Table 3:4. LOD and LOQ values for repeatability inj ection of 0.01 pg/mL mixture of 2-MeN
and 1,4-DMN on each HPLC system.

HPLC system Injector LOD (ug/mL) LOQ (png/mL)
2-MeN 1,4-DMN 2-MeN 1,4-DMN

Hitachi DAD Autosampler  0.003 0.004 0.010 0.015

SpectraSERIES UV100 Manual 0.001 0.001 0.002 0.004

SpectraSERIES UV100 Autosampler  0.001 0.001 0.002 0.002

The second approach estimated the LOD and LOGtstatly from the calibration curve at

the lower range of concentrations 0.02 — 0.1 pgémlithe three HPLC systems as shown in

Table 3:5.

Table 3:5. LOD and LOQ values on each HPLC system b ased on the statistical data for the
calibration curve in the range 0.02 — 0.1 pg/mL for  2-MeN and 1,4-DMN.

HPLC system Injector LOD (pg/mL) LOQ (pg/mL)
2-MeN 1,4-DMN 2-MeN 1,4-DMN

Hitachi DAD Autosampler  0.014 0.017 0.046 0.057

SpectraSERIES UV100 Manual 0.007 0.008 0.024 0.028

SpectraSERIES UV100 Autosampler  0.004 0.004 0.013 0.013
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To compare the reliability of the presented reswtsLOD and LOQ for the two

approaches, these values undoubtedly are différecduse the calculation of a standard
deviation for each approach is different. The valter the repeated injections approach
are lower and more realistic in practical use, wherthe graphical method shows higher
values as the assumption of a constant standardtevat all concentrations is probably
not true. However, all three systems offered aa@ptLOD and LOQ values despite the
difference in the specification of the Hitachi DAIDd SpectraSERIES UV100 detectors.

Selecting a suitable detector depends on the ietemirpose of the method and the
detection limit of the analyte that is being deterd. In the present work, two detectors
were operated; diode array and SpectraSERIES U\Wdé€t@ctors. DAD-autosampler

HPLC system presented LOD and LOQ values for 1,4NDiMgher than SpectraSERIES
UV100 detector-autosampler system. The diode adetgctor can be used to monitor
multiwavelength and provide an entire spectra btre peaks during the chromatogram
run (Remcho et al., 1992). It can also monitor peek purity that will be required for

further investigation in this study.

3.2.4 Conclusion

Three HPLC systems were operated with the aim ldlateng separation methods for the
analysis of 1,4-dimethylnaphthalene and its intestandard 2- methylnaphthalene and
choosing the best system. A successful validaterifigd the capability of each system to
offer reliable chromatography. All the chromatogsamemonstrated that each system
could achieve excellent separation under the sahmenmatographic conditions. The

analysis was performed isocratically on a Jones-QbBmn under chromatographic

conditions of 70:30 of acetonitrile: water mobilease at a flow rate of 1.5 mL/min, 20 puL

injection volume at a run time of 10 minutes arakgection wavelength of 228 nm.

The precision of the analytical method on SpectRIES UV100-manual system
indicated high drifting in the peak area betweea tiplicate injections when compared
with the Hitachi-autosampler system. Stabilisatidrihe temperature of the mobile phase
and injected solutions achieved a reasonable jppec(RSD% < 1%) for all three HPLC

systems in particular the autosampler systems better than manual injector.

All systems showed a good linearity of the calilmmatcurves at two ranges of the
concentration through the obtained ®Rr the regression line of each 1,4-DMN and 2-

MeN. According to different views in the literatucé linearity criteria, a coefficient of
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determination (B of the regression line of 0.990 or more will beceptable for good

linearity for analytical method validation in thsgudy.

The LOD and the LOQ were estimated based on twooappes of measuring the standard
deviation and the values were found to be varidddveen the approaches. Based on
statistical data of the regression line, this apphoresulted in higher values for both the
LOD and the LOQ of 1,4-DMN. In contrast, lower LGIDd LOQ values were obtained

with repeated injection and this approach offeredelr values with all three systems.

Ultimately, this comparison between the validatofrihe three HPLC systems highlighted
that the SpectraSERIES UV100-autosampler systemremff the best chromatographic
results suited to the analysis of 1,4-DMN in potéstand environmental samples. For this
reason, this system was proposed as the final myiteuse for the remainder of this
research. However, some essential modificationse wequired to achieve the best
chromatographic conditions on this system sucthaxolumn oven and cooling device to

overcome any temperature effects.

SpectraSERIES UV100-autosampler HPLC system unber same chromatographic
conditions were used for the quantitative analgsid adsorption onto laboratory ware of
1,4-DMN and its internal standard 2-MeN in aquesakition. However, this work was

suspended due to the global shortage of aceten{Bi&e Section 4.2).
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3.3 Development and validation of an HPLC method fo r
the analysis of 1,4-DMN and 2-MeN using methanol

as an eluent

3.3.1 Introduction

The global economic downturn of 2008 — 2009 cauwsstortage of acetonitrile, which is
mainly obtained as a by-product in the productibaasylonitrile (Purdie et al., 2009). The
global shortage of acetonitrile was attributedhte significant reduction and slowdown in
industrial spending on acrylonitrile. Because as tteduction, the supply of acetonitrile
was not expected to return to normal levels dutimig) work. It was therefore important to

look for an alternative solvent to acetonitrile.

Acetonitrile is the most commonly used solvent évarse-phase HPLC separations for
many reasons. It has excellent chromatographicemties due to its high polarity, low
viscosity and good selectivity properties. In aidahf it provides a low spectroscopic cut
off (background absorbance < 0.05 AU) of 190 nmrtharmore, acetonitrile has very
good solubilising properties. Therefore, for chrémgaaphic purposes, replacing the

solvent will be very complicated.

The global shortage of acetonitrile affected the osHPLC and compelled researchers in
this field to find substitutes for acetonitrile. r'8e essential factors need to be taken into
consideration during the selection of alternatiolvents for HPLC, particularly in terms of
the chemical and physical properties of the soltbat have consequent effects on the
chromatographic process such as separation, detditiits and analytical reproducibility.
Replacing solvents with alternatives can influesome chromatographic factors related to

retention time, peak shape, efficiency, symmeggplution and selectivity.

A typical parameter for solvent selection is basadhe UV cut off which should not be

higher than the working wavelength used for an ymm®lto avoid generating high

background absorbance. Methanol was considered mdeatial substitute and gives a
similar separation to acetonitrile. However, the tlM off for methanol is 205 nm whereas
for acetonitrile is 190 nm. This may be a significgonsideration when replacing the
solvent as part of the method development. Methantdss expensive than acetonitrile.
However, it is a weaker solvent, thus a higher @aiage of methanol in the mobile phase

is essential for elution. Commercially, the puritiyHPLC grade methanol appears better
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when compared with acetonitrile; although the ohift of the gradient baseline with
methanol is higher than with acetonitrile due te tigh range of absorbance of methanol
190 — 260 nm (Williams, 2004). It is also relevémipoint out that the selectivity varies
between acetonitrile and methanol due to the diffesolvation properties of each and the
ability of methanol to effect the hydrogen bondimggween the analytes and polar groups

on the column.

To overcome this problem of acetonitrile shortage,was essential to continue
investigating to develop and validate a routinehuodtof HPLC to ultimately be able to
analyse the sprout inhibitor 1,4-DMN using an al&ive eluent. For this purpose,

methanol was selected as a substitute solvent.

3.3.2 Materials and methods

3.3.2.1 Materials and standards

See Section 2.1.1 for the preparation of standahdtisns of 1,4-DMN and 2-MeN in

methanol and Section 2.1.3 for the preparationmabaile phase from methanol and water.

3.3.2.2 Equipment

The HPLC system described in Section 2.1.2 was wstbdexception using column oven

and cooling device at this part. The Jones Hyp&BIE column was also used.

3.3.2.3 Optimising the separation of 1,4-DMN and 2- MeN using different
strengths of the mobile phase

The chromatographic conditions for separation dfDMN and 2-MeN were set using a

20 pL injection volume and UV detection at a wangth of 228 nm. An isocratic method

was employed using different concentrations ofrttabile phase (50%, 60%, 70%, 80%,

85% and 90% (v/v)) of methanol at a flow rate & tL/min.

3.3.2.4 Determination of precision

The precision in terms of repeatability (intra-dasecision) of the autosampler HPLC
system was determined by ten replicate injectidresach methanol standard solution of 1
and 10 pg/mL of mixed 1,4-DMN and 2-MeN.
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3.3.2.5 Linearity of the calibration curve

Three sets at different concentration ranges 0.02-0.2 — 1.0 and 2 — 10 pg/mL of mixed
standards of 1,4-DMN and 2-MeN were prepared tesssthe linearity of the calibration

curve.

3.3.2.6 Limit of detection and quantification

The limit of detection and limit of quantificatiomere estimated as explained in Sections
3.2.2.6and 2.1.4.3.

3.3.3 Results and discussion

3.3.3.1 Optimising the separation of 1,4-DMN and 2- MeN using different

strengths of the mobile phase

Methanol was selected for RP-HPLC analysis as th&oa solvent for the studied
compounds due to its water miscibility and elutfficiency. The composition of the
mobile phase is one of the most important parametsed to control HPLC retention and
optimise the separation of eluted compounds. Thecebf the strength of the mobile
phase was investigated to describe retention clsaoigé,4-DMN and its internal standard
2-MeN. This initial step of separation started aloaes chromatography column (Hypersil
ODS 5 um, 250 mm x 4.6 mm) using different coneditns of methanol in water v/v%
(50%, 60%, 70%, 80%, 85% and 90%) as the mobilsgla a flow rate of 1.5 mL/min.
The increase in the MeOH strength led to a decrneasatention factors for both 1,4-DMN
and 2-MeN that can be explained by the reversedgethBlPLC caused by the hydrophobic
interaction between the solute and the adsorbehnithnis reduced when increasing the

amount of organic mobile phase solvent (Ching .e28I00).

A good RP-HPLC separation of 1,4-DMN and 2-MeN wgthod resolution was obtained

using all the strengths of the mobile phase but ditferent run times (see Table 3:6).
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Table 3:6. Different concentrations of the mobile p  hase (methanol%) to separate 1,4-DMN
and 2-MeN at different retention times.

Mobile phase concentration Runtime Retention time (minute)

(v/iv methanol %) (minute) 2-MeN 1,4-DMN
50 100 64 NP*
60 50 27 45
70 20 10 15
80 10 55 7.5
85 10 4.0 5.0
90 6 3.5 4.0
NP* no peak

However, a shorter run time with very good resolutwas accomplished after 6 minutes

by using 90% methanol as shown in Figure 3:10.

40 1. 4-0iik
20 2-MeN '
-y 20
10 Impurity
|
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0 1 2 3 4 3] B
Minutes

Figure 3:10. Chromatogram showing the separation of 1,4-DMN and 2-MeN on Jones
(Hypersil ODS) column using 90% concentration of th e mobile phase (methanol%) and
ambient temperature.

This typical chromatogram shows that the resolveakp tailed or became asymmetrical
with a broader shape close to the baseline. Broagend tailing of the peak principally
make it difficultly to detect exactly the end oktpeak therefore reducing the quality of the
chromatogram. Consequently, this can affect theiracy and precision of the system.
Most often, the broad peaks are noticeable in@erasic separation. This can be accounted
for either by the adsorption of impurities in thelonn or by the deterioration of the
column (particularly silica-based packing materiaBenerally, in all chromatography,
longitudinal diffusion is responsible for increagirthe bandwidth of the separating

components. In isocratic elution chromatographg, damponents should be eluted before
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the longitudinal diffusion becomes uncontrollabksulting in broad peaks (Williams,
2004).

Washing the column is an easy step that can drealigtimprove the separation and peak
shape of eluted peaks. Therefore, washing the colwitih 100% methanol for 30 minutes
was undertaken. Reversing the column was also daneg washing process to increase
the exiting rate of the solubilised contaminantsnfrthe column because most of the
strongly held contaminants are usually at the lofatle column (Majors, 2003). However,
the chromatograms showed no improvement in termthef peak shape. Heavily used
columns can usually be the cause of tailing pe&kyder et al., 1988). In particular, the
column that was used in this separation (Jones tdy@DS) has been used for long term
analysis. Thus, this column was replaced followanmgexamination of available columns in
an attempt to obtain a good peak shape. A Phenoffi¢@®S-2 250 mm x 4.60 mm 5 pm
Sphereclone) column solved the problem and prodpeatls with little or no peak tailing as

shown in Figure 3:11.

1. 4-DkN
40 2-MeM |
30 |
my 20
10 Impurity
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0 1 2 3 4 5 5] 7 g 9 10
Minutes
Figure 3:11. Chromatogram showing the separation of the eluted compounds on

Phenomenex © (ODS-2 250 mm x 4.60 mm 5 um Sphereclone) at 90% m ethanol with a flow
rate of 1.5 mL/min at ambient temperature.

To protect the analytical column from any contartiorg a guard column was installed.
Usually, the specifications of the cartridge of tHieLC guard column are the same as the
packed material and also the same internal dianasteéhe analytical column with short
length; the guard column should be discarded whbadomes contaminated. The column
was at an ambient temperature of approximatelyQ0r? addition, the mobile phase was
insulated against the temperature changes as destuis Section 3.2.3.2 by placing the
mobile phase reservoir in a polystyrene box. Funtioee, preparation of the mobile phase
was performed a day in advance of the analysis vaasl stored along with standard

solutions overnight at a fixed room temperature®fC.
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From the chromatogram in Figure 3:11, the finalbamatographic conditions selected for

this method can be summarised as the following:

Column: Phenomen&(ODS-2 250 mm x 4.60 mm 5 pm Sphereclone)

« Guard column: Phenomerfée$ecurity Guard™
e Detector: SpectraSERIES UV100

* Wavelength detection: 228 nm

* Mobile phase: 90% methanol: 10% water

* Flow rate: 1.5 mL/min

e Chromatographic run: 10 minutes.

e 1,4-DMN retention time: ~ 5 minutes.

e 2-MeN retention time: ~ 4 minutes.

* Injection volume: 20 pL

e Column temperature: ambient ~ 20 °C

3.3.3.2 Determination of precision

Validation of the method was performed through examg the precision. The RSD%
values for the peak area are presented in Tablar84vere found to be less than 1% and
evidenced an excellent precision on the basisaxigion criteria previously discussed (see
Section 3.2.3.2).

Table 3:7. RSD% values for the peak area of 2-MeN a nd 1,4-DMN.

Concentration RSD% (n = 10)
2-MeN 1,4-DMN
1 ug/mL 0.9 0.9

10 pg/mL 0.7 0.3
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3.3.3.3 Linearity of the calibration curve

Linearity was evaluated through the regression ¢ihéhe calibration curve. The linearity
details of the coefficient of determination®Rf the calibration line of each compound at

each level of concentration are as presented ifeTaB.

Table 3:8. Coefficient of determination values of t  he calibration curve for 2-MeN and 1,4-
DMN at different ranges of the concentration.

Compound  Conc. range (ug/mL) Correlation of determmation (R?)

2-MeN 0.02-0.1 1.000
02-1.0 1.000
2.0-10 0.997
1,4-DMN 0.02-0.1 0.997
02-1.0 1.000
2.0-10 1.000

The results of the coefficient of determination &&und to be better than 0.990 which is
the level chosen for the linearity criteria for ghstudy (see Section 3.2.3.3). A good
linearity demonstrated that no significant deviatio the peak area response over the
concentration of compounds at each level. Thesgesamf concentration can now be

employed for the intended application of the testhmd.

3.3.3.4 Limit of detection and quantification

The LOD and LOQ were determined at low concentnatiby two approaches of standard
deviation measurement (replicate injections andgtlaphical method) (see Table 3:9). The
values obtained by repeated injection of a 0.0Inlgétandard showed a lower LOD and
LOQ than that obtained from the standard deviatibthe regression line as discussed in
Section 3.2.3.4.

Table 3:9. LOD and LOQ values based on the repeatab ility injection (n = 10) of a 0.01 pg/mL
mixture of 2-MeN and 1,4-DMN and the statistical da ta for the calibration curve in the range
0.02 — 0.1 pg/mL of the mixed standards.

Assessed Approach LOD (ug/mL ) LOQ (png/mL)
2-MeN 1,4-DMN 2-MeN 1,4-DMN

Injection repeatability (0.01 pg/mL) 0.00C3 0.0001 0.0005 0.0009

Calibration curve (0.02 - 0.1 pg/mL)  0.0021 0.00560.0070 0.0185
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Figure 3:12. Typical calibration graph for 2-MeN an d 1,4-DMN at the lower range of
concentration 0.02 — 0.1 pg/mL of the mixture.

Experimentally as verification, a mixed standartiigon of 0.001 pg/mL of 1,4-DMN and
2-MeN was injected as a test of a low level coneioin close to the LOQ. A
representative chromatogram in Figure 3:13 showashbth peaks were eluted at this low

concentration.
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Figure 3:13. Typical chromatogram close to LOQ usin g 0.001 pg/mL of 1,4-DMN and 2-MeN
standard.
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3.3.4 Conclusion

During this work, it was essential to overcome g@ih@bal shortage of acetonitrile solvent
and choose an alternative in order to completestudy. For this purpose, methanol was
selected as a suitable substitute solvent to dpwaatd validate a routine method of HPLC
analysis of 1,4-DMN.

A new isocratic reversed phase HPLC-UV method wasented for the analysis of 1,4-

DMN and its internal standard 2-MeN using methaasla solvent for standards and
mobile phase preparations. Good resolution wasaeldiat methanol concentrations of 50
— 90%, but the shortest run time (6 minutes) wasinbd using 90% methanol as the
eluent at a flow rate of 1.5 mL/min. Several avalgacolumns were tested and the best

selection was the Phenomefi¢©0DS-2 250 mm x 4.60 mm 5 pm Sphereclone) column.

The HPLC analytical method was successfully vatidatccording to the ICH guidelines
(ICH, 1994) in terms of precision, linearity, ddten limit and quantification limit. The

method achieved high precision through the RSD% /%< Good linearity of the method
was confirmed through the coefficient of determioat(R? > 0.997). Repeated injections
of a 0.01 pg/mL standard solution produced a lobw@D and LOQ compared to the
calibration curve method. The LOD for 1,4-DMN and/2N was found to be 0.0001 and
0.0003 pg/mL and the LOQ to be 0.0009 and 0.000Bnjugespectively. These values
implied that this method is suitable to apply fouagqtification analysis of these
compounds. This method can be applied for the meusinalysis of 1,4-DMN residue in
potatoes samples and other environmental samptdsasiwater and sediment in quality

control laboratories.
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3.4 Development and validation of an HPLC method fo r
the analysis of chlorpropham, propham and 3-

chloroaniline

3.4.1 Introduction

Chlorpropham (CIPC) is the main sprout inhibitortgrently used by potato industry.
Propham (IPC) is a herbicide from the same grouphdsrpropham; it was applied
commercially to prevent sprouting or in combinatigith chlorpropham, but currently its
application is being banned in most countries. Ntays, for public health and
environmental consideration, there is concern altbeir residues, hence analytical
methods are required to analyse the residues sk tpéenylcarbamates in potato and

environmental samples particularly CIPC and itsrdégtion product 3-CA.

HPLC is used to determine carbamate pesticideduesimainly to overcome the thermal
lability problems of these pesticides when using garomatography (GC). However, a
lack of a specific, sensitive detector hinders itable level of separation for a number of
pesticides. Adequate sensitivity and excellent ifipgg can be provided by ultraviolet
(UV) or electrochemical HPLC detection (Voyksneragt 1984). Using HPLC-UV seems
to be more appropriate as a final step to analyemycarbamate pesticides (Delgado et
al., 2001; Orejuela and Silva, 2004; Soriano et 2001; Sun and Lee, 2003; LeDoux,
2011).

In reviewing the literature, two simple RP-HPLC tds with external and internal
standards were developed for the determination IBfCCin emulsifiable concentrates
(Heras and Sanchezrasero, 1982). Samples weredlikith methanol containing internal
standard of 4-nitro-diphenyl ether. The chromatpgra conditions were set using 60%
methanol, at a flow rate of 2 mL/min giving retemtitimes of 4.4 minutes for CIPC and
5.9 minutes for the internal standard. The sampjeciion volume was 10 pL and the
detection was set at a wavelength of 240 nm. Galdor and quantification were carried
out using pure standards of CIPC to achieve gooehtity at a concentration range of
between 0.01 and 1.5 g/L with a detection limit €@iPC of 0.00039 g/L. The internal
standard method reported slight improvement of ¢befidence limit and the relative

standard deviation relative to the external stashda&thod.
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HPLC-UV methods have been used to analyse both @WiCor propham (IPC) in potato
products (Koniger and Wallnofer, 1998; Arribas ket 2007; Wilson et al., 1981; Orejuela
and Silva, 2004). These methods have not includedahalysis of CIPC in combination
with its degradation products in particular 3-CAowever, an isocratic RP-HPLC method
has been used to separate and quantify chlorprogl@dRC) and its metabolites (4-
hydroxy CIPC, 3-chloroaniline and 3-chloroacetats)iin rat hepatocyte using two mobile
phases of 90% and 70% methanol (Alary et al., 1986)

Few documented methods have focussed on the datgrom of CIPC in combination
with its degradation products specifically 3-CA potato samples using different
applications. The determination of CIPC residues isthree metabolites namely; 3-CA,
4-hydroxy-CIPC and para-methoxy-CIPC in potatoesas treated with CIPC have been
performed using gas chromatography with a speaifitogen-phosphorus detector (FAO
and WHO, 2001). Capillary GC-MS has been appliequantify the residues in low levels
(ng/g) of CIPC and two of its degradation produBt€;A and 3,3-dichloroazobenzen (3,3-
DCAB) in potato peel samples taken from severalketapotatoes (Worobey and Sun,
1987). In addition, aniline metabolites of CIPC @adween identified in potato samples
using capillary chromatography coupled with laseduiced fluorescence detection
(Orejuela and Silva, 2005).

To date, there is no isocratic method of RP-HPLQ@pbed with UV-Vis for the
determination of parent pesticide CIPC and its déagtion product 3-CA.

The predominant analysis methods for CIPC withentmiversity of Glasgow laboratories
are based on GC or HPLC analyses. Acetonitrileesdlfor standards and mobile phase
preparation is used for the HPLC procedure. Duin¢oglobal shortage of acetonitrile (in
2008 — 2009), it was considered necessary to \al@anethod using an alternative solvent

to acetonitrile.

The main objective of this work was to develop aradidate an analytical HPLC-UV
method for the simultaneous analysis of both CIR@ #&s metabolite 3-CA using

methanol as eluent and for standards preparation.
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3.4.2 Materials and methods

3.4.2.1 Materials and standards

For the preparation of standard solutions of chigpham (CIPC), propham (IPC) and 3-
chloroanilne (3-CA) in methanol and preparatiorthed mobile phase from methanol and
water (see Sections 2.1.1 and 2.1.3 respectively).

3.4.2.2 Equipment

The same HPLC system described in Section 2.1.2ewgdoyed to develop a method for
analysing CIPC and 3-CA using IPC as an interraatddird with exception using column

oven and cooling device at this part.

3.4.2.3 Optimising the separation of CIPC, IPC and  3-CA using different

strengths of the mobile phase

The effect of the different concentrations of thelite phase were investigated to optimise
the separation of intended compounds and consdrbesic background for developing an
HPLC separation method with high resolution anddamalysis of the eluted compounds.
In order to achieve this, several concentrationmethanol (70%, 65%, 62%, 60%, 55%
and 50%) in the mobile phase were tested to aclaegeod resolution of the mixture of

components peaks with the minimum run time. Alllgses were performed at a detection
wavelength of 210 nm, pump flow rate of 1.5 mL/mam, injection volume of 20 pL and

the column at ambient temperature.

3.4.2.4 Selection of detector wavelength

Experiments were conducted examining two UV wawgtles at 210 and 207 nm to select
the detector wavelength that gave high sensitiatyd selectivity of the present
components in the mixture of the standard solutiave replicate injections of 1 pg/mL of
the mixture of CIPC, IPC and 3-CA were injecte@ath wavelength 207 and 210 nm and

the mean of the peak area was calculated.

3.4.2.5 Determination of the precision of the stand  ard solutions

Five replicate injections of 1 pg/mL of a mixturéPC, IPC and 3-CA were injected to

measure the precision of the standard solution.
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3.4.2.6 Assessment of the linearity of the calibrat  ion curve

The linearity of the calibration curve was testédhaee ranges of concentrations (0.02 —
0.1,0.2-1.0 and 2 — 10 pg/mL) prepared as thedes of standard solutions of a mixture
CIPC, IPC and 3-CA in methanol.

3.4.2.7 Determination of LOD and LOQ

The LOD and LOQ were estimated for three compowagimentioned in Section 2.1.4.3
applying two approaches including statistical regien of the low concentration range of
0.02 — 0.1 pg/mL and ten replicate injections okexisolution at the low concentration of
0.05 pg/mL of CIPC, IPC and 3-CA.

3.4.3 Results and discussion

3.4.3.1 Optimising the separation of CIPC, IPC and  3-CA using different
strengths of the mobile phase

The chromatographic conditions were set based on isacratic method using
methanol/water as the mobile phase. Propham (IP£3) akosen as the internal standard
due to its similarity in structure to chlorprophdsee Figure 4:8) with the only difference
being the absence of one chlorine atom in the ghemg. The initial chromatographic
conditions provided an overview of the identificetiand optimisation of the separation of
CIPC, IPC and 3-CA from the mixture. The HPLC chatograms in Figure 3:14 illustrate
the analysis of 1 pug/mL mixture of CIPC, IPC an€A&-testing different concentration

strengths of the mobile phase.
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Figure 3:14. Chromatograms of 1 pg/mL mixture of CI  PC, IPC and 3-CA at Anax 210 nm using
different concentrations of the mobile phase (metha nol%) to separate CIPC, IPC and 3-CA at
ambient temperature.

This test exhibited good UV absorbance for all coommls at a wavelength of 210 nm,
although, the peak height of propham was quite Istou& to its absorbance being very low
at a wavelength of 210 nm compared with Atgx 200 nm (see Section 3.4.3.3). The
separation between the compounds was dependetieorpblarity. Because of the wide

range of polarities between these compounds, thleehipolarity compound was eluted
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first from the HPLC column. For that reason, thakseof 3-CA and IPC appeared first and

second, respectively, before the final peak of CIPC

The peaks of eluted compounds were identified enctiromatogram through a comparison
of the retention times based on an analysis o&iadsird mixture and individual reference
standards. The same chromatographic conditions wemied during running these

standards. In addition, the standards of elutedpooamds excluding one compound were

analysed to confirm the identity of the peaks axateretention time of each component.

The chromatogram at 70% methanol showed overlagphgeen an impurity peak and 3-
CA and IPC which co-eluted, whilst CIPC was welsalwred. This would suggest that
decreasing the mobile phase strength could achsatesfactory resolution. At 65%

methanol/water, a clear improvement was observeshwhe overlapping peaks began to

be resolved from each other and appeared as $egles.

All three compounds in the mixture were completeggolved at concentrations of
methanol less than 65% (62%, 60%, 55% and 50%\vlitextremely different run times.

At both concentrations of 62% and 60%, the impupiak (see Section 3.4.3.2) has little
effect on the background of the baseline of theA3p@ak, but this impurity peak can be
considered particularly at very low concentratidr8e¢CA. This lack of the resolution can

be solved by selecting a mobile phase strengtt0®6 But an excessive run time (15 — 20
min) is required. Overall, 62% was considered tw/jole acceptable resolution of all peaks

with a 15 min chromatographic run time.

No effect of the temperature on the separation nadged. Setting the HPLC column at
ambient temperature (~ 20 °C) proved sufficiemltain optimum separation. In addition,
the mobile phase reservoir was insulated agairsttémperature as noted in Section
3.2.3.2. Standard solutions were kept at a fixeshraemperature of 20 °C prior to

injection.

3.4.3.2 Impurity peak in the methanol solvent

During the development and validation of HPLC atiel} methods, some potential

problems should be addressed to mitigate theicesffémpurity peaks are one of the most
common problems that arise during the analysisedant with the intended peaks in the
chromatogram (Green, 1996). In sensitive HPLC nagthainexpected peaks are often
observed, some can be identified but the sourcshefr peaks can be very hard to trace.
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These disturbing peaks can possibly interfere i analysis and can subsequently
influence the quality and reliability of an HPLC thed. Thus, noticing these peaks in an
HPLC chromatogram requires further investigatiomnderstand their source. Usually, the
interference peaks can be traced back to impuwtiggnating from different sources such
as sample, mobile phases, buffers, dirty glasswaceHPLC systems. Some uncommon
artifact peaks have been investigated to understaedsources of their formation.
Examples of these peaks were caused by the corgtamrby the septum of HPLC vial
and by the sampling equipment (Yang et al.,, 2010asSer and Varadi, 2000).
Occasionally, chemical degradations or unexpeatadtions in the sample solutions can
result in artifact peaks that are poorly reprodigcégind hard to predict (Eap et al., 1993;
Vogel et al., 2000).

In this work, the source of the impurity peak shawrthe chromatograms in Figure 3:14
was studied. This peak was also observed durimgtion of samples of the mobile phase,
water and methanol. The most likely explanation wes this impurity peak might be
caused by the methanol itself. To confirm this, gla® were tested from several available
batches of methanol. These batches were purches@dtlie same supplier (HPLC grade
Fisher Scientific, UK) (see Table 3:10).

Table 3:10. Different batch numbers of methanol wi  th the peak area of the impurity peak.

Methanol batch number Peak area of the impurity pek
0935126 8545389
0921686 8321945
0919133 8028099
0769625 8284881
0749036 8876873

The chromatogram in Figure 3:15 illustrates that wmpurity peak is present in small
amounts in all batches. The results of the peak @ameTable 3:10 were found to be
consistent for all batches. It is also suggested this impurity may be caused by the

presence of dissolved oxygen in methanol (Bande®e&klli, personal communication).
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Figure 3:15. Typical chromatogram illustrating the impurity peak present in different
batches of methanol.

Commercially, a catalytic reaction of hydrogen aadbon monoxide is typically used to
produce up to 80,000 gallons daily of methanol. Ewe&r, these methods caused
undesirable impurities in high grade commercial maabl (Marcus and Glikberg, 1985;
Williams, 2004). Indeed, the range of organic sotvguality between different suppliers
or product batches is a topical issue. WilliamsO@Oinvestigated the susceptibility of
gradient LC to the quality of commercially suppligchdient methanol. Contamination in
different methanol batches was experienced whemgesamples of two separate bottles
of the same batch that showed high contaminatidmerdas a further five different batches
of the methanol exhibited clean blanks applying $hee chromatographic conditions to
all tests. It was concluded that contamination dautcur following the bottling process
(Williams, 2004).

An extensive survey to estimate all organic impesitin methanol was carried out using
gas chromatography coupled with MS detection (GO/{Ruella et al., 2007). Different
batches of methanol purchased from different chah@ompanies were examined. It was
found that organic impurities in these batches ist&d mainly of dimethyl acetals such as
propanone, butanone and pentanone. The polaritieofmpurity in the organic solvent
plays a significant role in their retention on HPt@lumns; highly polar impurities such as
amines are strongly retained on alumina columns thuehydrogen bonding with
nitrogenous impurities. In contrast, when impusitége less polar they are more difficult to
retain (Williams, 2004).
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3.4.3.3 Selection of the detector wavelength

Characteristically, in UV-Vis assays all measuretaamould be assessed at thgof the
analyte, as that produces a high absorbance respGh®osing a wavelength that is not
close to thelnax Of the intended compound, can lead to significeh&nges in the

absorbance value producing lower sensitivity mesments and non-linearity of response.

The UV spectra of the studied compounds were medsas described in Section 2.2.3 in
order to assess the UV detection wavelength,(. Practically, the maximum absorbance
of CIPC, IPC and 3-CA could not be characterisezigately in methanol solution thus it
is impossible to specify the optimum wavelength, Alternatively, experimentakmax
values in acetonitrile solution were estimated. dpéamum wavelengtiinaxfound to be
207 nm for both CIPC and 3-CA whereas IPC had amax UV absorbance at 200 nm.

The UV spectrum literature addressed consideraifilgrent Anax for each of the studied
compounds. Hidalgo et al. (1998) measured the WAttsa of CIPC and IPC to givgax
(208, 240) nm (196, 236) nm respectively, whils€A absorbs UV light above 290 nm in
methanol solution. On the other hand, maximal giigsr of CIPC and 3-CA were
reported at wavelengths of 277 and 286 nm respedgtin aqueous solution (David et al.,
1998).

Ideally, the detection wavelength should be atithg of the compounds being measured,
however, working at a wavelength below or close¢hi cut off for the methanol eluent
(205 nm) can cause increasing baseline noise aled¢raase in the linearity response. The
SpectraSERIES UV100 detector employed in this ntethan be operated over the
wavelength range 190 — 380 nm with a standard daatelamp, giving a wavelength
accuracy of £1 nm and a bandwidth 6 nm. Hence cesd& was made to set the detector
to 210 nm. The initial study of the separation #®C and related compounds was carried
out using a detector wavelength of 210 nm. Thisekength of 210 nm was also selected
according to unpublished work and available HPLC-¥thod at the University of
Glasgow for the determination of CIPC residuesoatafpes samples using acetonitrile as
the eluent. In the literature, this wavelength (2it0) has been set to detect 3-CA using
HPLC analysis (Boon et al., 2002).

A comparison was undertaken between the measaurgadf CIPC in acetonitrile (207 nm)
and the selected wavelength (210 nm). The aim isf cbmparison was to assess any

significant effect of the wavelength difference peak area measurement of the intended
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compounds in their standard solution. To investigdis, five replicate injections of 1
pg/mL of mixture CIPC, IPC and 3-CA were injectedeach wavelength and the mean of

the peak area was calculated as shown in the Bahle

Table 3:11. The mean of peak area of each compound  of 1 pg/mL mixture of CIPC, IPC and 3-
CA at Apax 207 and Ay 210.

Compound Mean Peak Area (n = 5)

Amax 207 Amax 210 Ratio
CIPC 15716063 14204700 0.90
IPC 5744804 3261071 0.57
3-CA 19683333 14533297 0.74

The experimental results showed a slight decraatigei peak area at 210 nm but this loss
of sensitivity is acceptable. Taking all the ab@emsiderations, a detector wavelength of

210 nm was selected to avoid the methanol cut off.

3.4.3.4 Summary of chromatographic conditions of th e method

In terms of the identification and separation o three compounds 3-CA, IPC and CIPC
from a mixture, the best chromatographic paramdtarshis method are summarised as

follows:

Column: Phenomen&(ODS-2 250 mm x 4.60 mm 5 pm Sphereclone)

« Guard column: Phenomerfée$ecurity Guard™
e Detector: SpectraSERIES UV100

« Wavelength detection: 210 nm

* Mobile phase: 62 % methanol

* Flow rate: 1.5 mL/min

e Chromatographic run: 15 minutes.

* CIPC retention time: ~ 12 minutes.
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* |PC retention time: ~ 6 minutes.

» 3-CA retention time: ~ 5 minutes

* Injection volume: 20 pL

* Column temperature: ambient ~ 20 °C

3.4.3.5 Determination of precision of standard solu  tions

The precision in terms of repeatability of five liegte injections was determined for
CIPC, IPC and 3-CA through the RSD% to be 0.032 @Ad 0.01 respectively. RSD%
results indicated acceptable criteria for precisama repeatability was less than 1% (see
Section 3.2.3.2).

3.4.3.6 Assessment of the linearity of the calibrat  ion curve

Linearity was demonstrated by constructing a catibn curve using five concentration
levels of standard solutions for each of the thieeges of concentration. Three calibration
curves were plotted for each compound in this fBise coefficient of determination {R
was employed to evaluate the linearity of the regjon line. The results presented in
Table 3:12 show Rvalues were > 0.990 with the exception of IPC a& tbwest
concentration range (0.02 — 0.1 pg/mL) where thevi& 0.983. This slightly lower value
for the coefficient of determination of IPC can &#ributed to a low response of this
compound at the detection wavelength used (210 Brojn the R values obtained, it can
be concluded, that the linearity was acceptablecfanpounds at the three ranges of

concentration tested (see Section 3.2.3.3).
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Table 3:12. Coefficients of determination of the ca libration curve for studied compounds at
the different ranges in concentration.

Compound Conc. range (ng/mL) Coefficient of deternmation (R?)

CIPC 0.02-0.1 0.997
0.2-1.0 0.991
2.0-10 1.000
IPC 0.02-0.1 0.983
0.2-1.0 0.995
2.0-10 1.000
3-CA 0.02-0.1 0.999
0.2-1.0 0.999
2.0-10 1.000

3.4.3.7 Determination of the LOD and the LOQ

The LOD and LOQ were calculated for the three commgis using two approaches. The
results are summarised in Table 3:13 and shownge ldifference between the calibration
curve and the repeated injection approach. The MevyLOD and LOQ values for IPC
using the repeated injection approach are probabigalistic in view of the small peak
area due to the weak response at 210 nm.

Table 3:13. LOD and LOQ values based on the repeata bility injections (n = 10) of 0.05 pg/mL
of a mixed standard solution of CIPC, IPC and 3-CA and the statistical data for the
calibration curve in the range 0.02 — 0.1 pg/mL.

Assessed approach LOD (pg/mL) LOQ (png/mL)
CIPC IPC 3-CA CIPC IPC 3-CA

Calibration curve (0.02 - 0.1 pug/ml.) 0.006 0.014008. 0.019 0.048 0.010
Injection repeatability (0.05 pg/mL)  0.011 0.001 0OXB8 0.036 0.002 0.042

Considering the results for the LOD and the LO@, thethod is sufficient to determine
CIPC and 3-CA residues in potato and environmesaalples. However, the impurity peak
discussed in the previous Section 3.4.3.2 overlppieh the 3-CA peak particularly at

very low concentrations (~ 0.02 pg/mL). For thiss@g it is hard to detect and calculate
accurately the peak area of 3-CA at concentratobose to the LOQ using 62% methanol
in the mobile phase. Therefore, a 60% concentraifanethanol is a better choice at this

low level.
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3.4.4 Conclusion

No HPLC-UV method for the simultaneous analysiscbforpropham and its major

metabolite 3-chloroaniline in potatoes and envirental samples was documented in the
literature. A successful and rapid analytical mdtaas developed and validated for the
separation and quantification of these compoundsgyysropham as an internal standard.
Furthermore, the project was undertaken duringodall shortage of acetonitrile. It was
therefore essential to develop a method using ternative solvent and methanol was

selected for this purpose.

The chromatographic conditions required to achigeed separation were 62% methanol
at a flow rate of 1.5 mL/min and a detection wamgtd of 210 nm with a 15 minute run
time. Retention times of approximately 5, 6 andniidutes 3-CA, IPC and CIPC peaks
respectively were recorded on the Phenom@n@DS-2 250 mm x 4.60 mm 5 um
Sphereclone) column at an ambient temperature (*C20Although, it would be better to
use a 60% mobile phase particularly in the contéx& very low concentration of the
standards due to the significant interference peaikh overlapped with 3-CA peak, in this

case, a run time from 15 to 20 minute is required.

Analysis of different batches of methanol confirntheé presence of an impurity in all
samples of methanol. This impurity might be caudsd contamination during the
production and storage of the methanol. Compangas made between the wavelengths
210 and 207 nm to select the detection wavelemggh207 nm is close to the cut off for
methanol (205 nm), the wavelength of 210 nm wascsed.

The method was validated for precision, lineatityg LOD and the LOQ. The precision of
replicated injections of a standard solution wasisneed producing high precision through
RSD < 0.03%. The method confirmed the linearity of thgression line according to the
acceptable criteria of the coefficient of deterntiima (R?) of the calibration curves (0.990)
at three ranges of the concentration for each comgbavith the exception of IPC at very
low concentration. The method recorded lower valok$OD and LOQ and no large
difference between the calibration curve and reggkatjection approaches. The limit of
detection (LOD) values of CIPC and 3-CA were apprately 0.01 ug/mL whereas the
limit of quantification (LOQ) values were approxitely 0.04 pg/mL using repeated

injection approach.



Nidhal M. Sher Mohammed 2012 Ch 3/ 124

The proposed HPLC method is therefore reliablenesocal and efficient in terms of the
run time. It can be applied to determine and qfatiie presence of chlorpropham and its

degradation product 3-chloroaniline in potatoes emdronmental samples.

At this stage, the proposed method is considerée uitable for further validation.



Chapter 4. Quantitative analysis and adsorption on
laboratory ware of 1,4-DMN, 2-MeN, CIPC and 3-CA

In aqueous solutions

4.1 Introduction

The widespread use of pesticides in agriculturethedood industry raises great concern
for the environment and human health due to thetemtial toxicity. Pesticides can be
released to the environment via air, soil, wateops and animals due to their specific
characteristics of water solubility and volatilifyhere is potential for pesticides to adsorb

onto soil and be persistence (Tiryaki and Temut,020

Increasing public concern regarding the residuepathto sprout inhibitors mainly 1,4-
DMN, chlorpropham and its degradation product 3-@©Awash water during potato
processing have compelled researchers in the patatastry to investigate their
distribution and fate in the environment. Reliablelytical methods are required for the
determination of the residue levels of these pielgticin potato wash water and sediment.
However, in some circumstances the accuracy ofluesguantification is influenced by

many critical factors, which can significantly clggnthe analytical results.

Experimentally, quantitative determination of tmtended compounds in environmental
samples necessitates using sample containers fopleacollection, transportation and

storage and different laboratory ware for the etioa procedure. A limiting factor in the

quantitative determination of many organic compauischdsorption onto the wall surfaces
of these containers. This phenomenon decreasescdheentration of the intended

compounds in solution and affects the accurach@fanalytical results (Day and Kaushik,
1987; Sharom and Solomon, 1981).

Generally, the majority of laboratory containersvdiasome ability to adsorb organic
compounds and the amount adsorbed is considerdtadgted by the surface material
(Manoli and Samara, 1999). Typically, non-polar toyghobic compounds in aqueous
solution have a strong affinity for adsorption dagheir low solubility. Characteristically,

the type of material that a container is made froi@y cause a major impact on the
magnitude of adsorption. Several studies have begorted on the loss of pesticides and

hydrophobic compounds in aqueous solution due tsoration. Laboratory studies
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conducted by Sharom and Solomon (1981) involvedtsarption of permethrin and other
pesticides onto glass and several plastic matersish as polyethylene and
polyvinylchloride. A similar study pointed to thesls of dinitroaniline herbicides in
aqueous solution and the difficulty in maintainiag constant concentration due to
adsorption onto the glass surface when stored assgtontainers (Strachan and Hess,
1982). An adsorption study of the lipophilic fermaltes, as an example of pyrethroid
group of insecticides, suggested that transfehigfsynthetic compound from water to the
sides of glass beakers (100 mL), accounted foefs$ between 25 and 33% at different
concentrations over a 48 hour period (Day and Kikus887).

It should be pointed out that the chemical lossnfsolution may also be attributed to their
instability and reaction with container surfacesaoidition to adsorption processes. This
was indicated by preliminary studies on the comiméfangicide oxycarboxin by Stanton,
(1987). This study illustrated that storing solasdn plastic containers can reduce the loss
of this compound, whereas storing in soda glassagwmrs showed a reduction in the loss
rate of oxycarboxin compared with using contain@de from borosilicate glass. This
study also suggested that the glass surface pkayegjor role in the degradation rate of the
oxycarboxin compound (Stanton, 1987).

Generally, the materials that are recommended F@& $ampling and storage of

environmental samples containing hydrocarbon comgs@re borosilicate glass, stainless
steel and PTFE (polytetrafluoroethylene) containBiastic materials are not preferred as
many plastics are porous to volatile compoundsinguarge losses of these hydrocarbons
during transfer and storage. Additionally, biodeigitgon of some from these compounds
can be enhanced by plastic surfaces which fa@litaicrobial colonisation. Furthermore,

some plastic materials such as polyethylene angbpmpylene can leach plasticisers e.g.
phthalate esters into the sample leading to comt@tion problems which can later effect

the chromatographic analysis of these hydrocarlfdtesoli and Samara, 1999; House,

1994).

Usually sample filtration is required to remove goayticles that might lead to interference
problems and affect the column efficiency in HPLGalgsis. Selecting the appropriate
pore size of the filter is important depending ba tolumn packing size to avoid plugging
of the column by large size particles (Scheer, 208&hough many filters possess the
same specification their performances are differ@ansideration should be taken when

choosing a filter regarding the compatibility oetbhemical, selecting the right pore size



Nidhal M. Sher Mohammed 2012 Ch 4/ 127

and the potential adsorption from the chemical tsmtuonto the filter that can produce
significant errors in the analysis results. Chegkihe adsorption is recommended when
using any kind of filter for analysis. The poteh&dfect of the filters on both quantitative
and qualitative chemical analysis have been regaafter observing that many organic
compounds can be adsorbed from water solution gdination (Chiou and Smith, 1970;
Mackay and Shiu, 1977). Generally, the extent efatisorption onto filters depends on the
target analyte properties with increasing lipogiit§i causing higher adsorption (Gomez-
Gutierrez et al., 2007). The solubility of composnd water also affects the adsorption
onto filters, generally less soluble compounds shagher adsorption (Chiou and Smith,
1970).

1,4-Dimethylnaphthalene and the internal standaetiun this work 2-methylnaphthalene
like other PAHs are hydrophobic organic compounald #heir low water solubility can
result in high persistence in the environment (ltuale, 2008). Several processes can
influence the accuracy and the precision of thentjtaive analysis of these hydrophobic
hydrocarbons in aqueous medium including evaparaifovolatile components, chemical
reaction, biodegradation and incomplete equilibratieading to considerable analytical
interference associated with the analysis of tleesepounds. Furthermore, loss of PAH
compounds due to adsorption from static solutiorth® surfaces of glassware must be
considered as well (May et al., 1978; Wolska et2105). Thus, it is crucial to identify the
sources of errors and subsequently to find bettecgulures to remove and reduce their
impact prior to analysis. Although CIPC and 3-CA anuch more polar and soluble in
water than 1,4-DMN and 2-MeN their quantificationdaadsorption onto containers in

aqueous solution should also be investigated.

This work is part of a suggested program to ingasé the fate of the studied compounds
1,4-DMN, CIPC and 3-CA in the environment. The chjes are to develop reliable
methods for quantitative determination of these mpoumds in potato wash water and
sediments samples. The specific objectives of thwkwn this part include the

investigation of:-

* The solubility behavior of these compounds in water

* The degradation in aqueous solution.

* The quantitative analysis in water solutions.
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 The adsorption potential of these compounds ontmrétory ware that are
commonly used in sampling and analysis in ordeawoid using those tools that

adversely affect the quantitative analysis of thesapounds in water.

4.2 1,4-Dimethylnaphthalene and 2-methylnaphthalene

4.2.1 Materials and methods

4.2.1.1 HPLC system
The HPLC system used was the SpectraSERIES UV1@@uah injector) system which

includes a manual injector Rheodyne model 7125,ilCEO0 Series pump, thermo
separation products SpectraSERIES UV100 detectbDamnex peaknet software (second
HPLC system in Section 3.2.2.2).

4.2.1.2 Chromatographic conditions

Chromatographic conditions were set using a Jomesn@atography column (Hypersil

ODS 5 um, 250 mm x 4.6 mm) at ambient tempera@# acetonitrile mobile phase at a
flow rate of 1.5 mL/min and 10 minute run time. Tieention times of 2-MeN and 1,4-
DMN were 5.5 and 7 minutes respectively. The inggctzolume of the sample was 20 pL

and the detector wavelength 228 nm.

4.2.1.3 Preparation standard solutions

Standard solutions of 1,4-DMN and 2-MeN in ACN w@mepared from a mixed stock
solution of 1000 pg/mL. The stock solution was alsed to prepare working standards
solutions in water. To prepare an aqueous starmfatdig/mL of 1,4-DMN and 2-MeN, 1
mL from the stock solution was made up to 1000 mthwieionised water and mixed
using a magnetic stirrer for 24 hours to reach ldgiim. The 1 pg/mL aqueous standard
therefore contains 0.1% ACN.

4.2.1.4 Investigation of the solubility of 1,4-DMN in water

To determine the minimum time required for complstéubility of 1,4-DMN in water
solution, three replicates of 1 pug/mL of 1,4-DMNderionised water (0.1% ACN) were
prepared and stirred with a Teflon coated magneaic for six hours. 5 mL from each
continuously stirred replicate was taken at diffetemes (0, 1, 2, 3, 4, 5 and 6 hours) and
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injected twice into the HPLC system. In additioaples from these solutions were
injected after 48 and 96 hours of continuous siiyat 20 °C.

4.2.1.5 Degradation of 1,4-DMN and 2-MeN in aqueous  solutions

Degradation of these compounds in aqueous solutaainvestigated. Two replicates of 1
png/mL (0.1% ACN) of a mixed solution of 1,4-DMN agdvieN were prepared and kept
in the incubator at 20 °C . A 5 mL sample was ta&eary day for analysis over a 10 day

period (stirring was performed on the first dayyynl

4.2.1.6 Comparison of standards prepared in acetoni  trile and water

A set of mixed standard solutions of 1,4-DMN and/1@N were prepared at different
concentrations (1, 5 and 10 pg/uL) in acetonitilaother set at the same concentrations
were prepared in water (containing 1, 5 and 10% A€dbectively). These solutions were
injected immediately in duplicate into the HPLC teys to compare between both

preparations in acetonitrile and water.

4.2.1.7 Assessment of precision

The precision was measured through ten replic@etians of a mixed standard solution of
0.1 pg/mL of 1,4-DMN and 2-MeN prepared in wated @ ACN). The RSD% of the peak

area of both compounds was calculated.

4.2.1.8 Calibration curve for standard solutions

Two sets of mixed standards of 1,4-DMN and 2-MeNren@repared in water at
concentration ranges of 0.02 — 0.1 and 0.2 — 1/nugo assess the linearity of the

calibration curve (see Section 2.1.4.2). Each stahdas injected in duplicate.

4.2.1.9 Determination of the LOD and the LOQ of 1,4 -DMN and 2-MeN in

aqueous solutions

The LOD and LOQ of 1,4-DMN and 2-MeN were assesse®vater solution by two

approaches as explained in Section 2.1.4.3.
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4.2.1.10 Adsorption of 1,4-DMN and 2-MeN onto the | aboratory ware in

aqueous solutions

1. Adsorption onto glass and plastic containers

Different laboratory containers and transfer toolduding glass, bottles, flasks, plastic,
filters and syringes were tested to investigatepbiential of the adsorption of 1,4-DMN
and 2-MeN from their aqueous solution onto surfagkshe laboratory ware. The test
involved filling glass and plastic containers (eamte in triplicate) with an aqueous
solution (0.1% ACN) of 1 pug/mL of 1,4-DMN and 2-MeNhe replicates were left
standing (~ 15 minutes) prior to analysis. The guisan potency was expressed as a

percentage recovery representing the 1,4-DMN aktR-remaining in the solution.

2. Adsorption onto filters

Different filter papers, membranes and syringeefditwere examined. All filters with the
exception of the syringe filter were soaked in 0 @hthe aqueous standard solution of 1,4-
DMN and 2-MeN placed in screw cap vials (20 mL).nMD of the standard solution was left
in the vial as a control without filters. The prdaee for examining the syringe filter (supor
membrane 32 mm, 0.2 um) included using a plastimRGyringe. 10 mL was withdrawn
from the standard solution into the syringe. Thetgm in the syringe was analysed first as
a control then the syringe filter was connectedht syringe and the solution was pushed
into a screw cap vial for analysis by HPLC. Eadt tecluded three replicates and the test

solution and the control were injected in duplicate

3. The effect of contact time on adsorption

The effect of contact time on adsorption was afseestigated by taking a sample after
different time intervals. Five screw top jars (10Q) were washed with decon, 1 M NaOH
and ACN. After drying, 10 mL of the mixed standaadution of 1 pg/mL of 1,4-DMN and
2-MeN (0.1% ACN) prepared in deionised water wadedd The jars were thoroughly
sealed and then samples were taken from each jdiffatent times. Each sample was
injected in duplicate and the mean of the peak aras calculated. The standard in the
volumetric flask was injected between the jar saspind the mean of the peak area of five

injections was calculated.
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4. Treatment of glass containers to reduce adsoroin

To minimise the potential of chemical adsorptiongtesssware, volumetric flasks (50 mL)
were treated by rinsing with different solutionsngsDecon 90, 1 M NaOH, 1 M 430,
and ACN.

4.2.2 Results and discussion

4.2.2.1 Investigation of the solubility of 1,4-DMN  in water

Principally, the solubility of organic compoundsviater depends on their interaction with
water molecules by mechanisms like hydrogen bondinglipole-dipole interactions.

PAHs have a low rate of dissolution in water and Equeous solubility. Generally, the
decreasing solubility of PAHs and the increasingrbphobic properties are associated
with increasing number of benzene rings and mo#&dehgth (Juhasz and Naidu, 2000).
However, several compounds have the same carboheriand molecular length but their
solubilities are different (May et al., 1978). TMMN and its internal standard 2-MeN like

all polyaromatic hydrocarbons are slightly solulie water tending to be present as

droplets in suspension when added to water (seegd-#y1).
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CH,

CHs

CH3;

1,4-Dimethylndphlene 2-Methylnaphthalene  Naphthalene

Physical form Lidu Crystal Crystal
Molecular formula 188112 @GH1o foHs
Molecular weight (g/mole) 156.23 142.20 178B.
Water solubility (mg/L) at 25°C  11.4 24.6 13
Vapor pressure (mm Hg) at 25°C 0.0214 0.055 0.085
Figure 4:1. Physiochemical data of the polyaromatic hydrocarbons compounds 1,4-

dimethylnaphthalene, 2-methylnaphthalene and naphth alene (SRC, 2011).

As a compound in this group, the aqueous solubilftyt,4-DMN has been measured by
Mackay and Shiu (1977) to be 11.4 + 0.1 mg/L at@5A saturated solution was prepared
by adding an excess weight of the compound tollégtivater which was stirred for 24

hours using a Teflon coated magnetic bar. It was teft to settle for 48 hours before

measurement (Mackay and Shiu, 1977).

To prepare a standard solution of 1,4-DMN in watesr,low solubility does not allow
mixing instantaneously with water making it diffitwo dissolve and reach equilibrium.
Additionally, the time required for complete disstddn according to the work done by
Mackay and Shiu (1977) is a time consuming prodesspreparing many standard
solutions for the purpose of this investigationu$hthe suggestion was to prepare a stock
solution first in acetonitrile. Then this stock stbn in acetonitrile was used to prepare the
required concentrations of aqueous standards byn@ddn appropriate volume to

deionised water in a volumetric flask. Althoughera would be a small concentration of
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acetonitrile present, there is concern about hosilyethe 1,4-DMN in the two solutions

(ACN and water) would mix.

To assess the minimum time required to obtain gisdolution of 1,4-DMN standards
from ACN into water, measurements were made dioae standard solutions at different
times stirring. The response of peak area wasgua@gainst time as shown in Figure 4:2.
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Figure 4:2. The mean of the peak area of three repl icates of 1 pg/mL 1,4-DMN in deionised
water (0.1% ACN) in different mixing time: a- duri  ng the day and b- different days.

This figure illustrates that 2 — 3 hours mixing lwtontinuous stirring by magnetic stirrer
at 25 °C temperature was sufficient to preparqu@/ImL standard solution of 1,4-DMN in
aqueous solution. After this time, no change inpibak area was observed even after 4
days mixing. Although stirring should have no effea the 1,4-DMN solubility it can

increase the interaction of the 1,4-DMN with watensequently increasing the speed of

reaching equilibrium.
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4.2.2.2 Degradation of 1,4-DMN and 2-MeN in aqueous solutions

The degradation of many polyaromatic hydrocarbansquatic environments can take
place and decrease their concentrations as redultbiaogical degradation or
photochemical oxidation (Swietlik et al., 2002).n8PAHs are subject to degradation by
microorganisms: bacteria, fungi and algae, in paldr those lower molecular weight
compounds which contain three or less fused bendege (Juhasz and Naidu, 2000; Seo
et al., 2009). Practically, the loss of some PAmMwater and darkness was noticed after 21
days, this loss varied from 22% to 41% dependinghmntype of compound, solution

composition and the exposure conditions (Swietli&lg 2002).

The instability of PAH standards at low concentmatcould be of concern. In this work, an
investigation was conducted to study the possjhilitthe degradation of 1,4-DMN and 2-
MeN in deionised water and during storage of stehd@blutions in the dark. Two
replicates were analysed daily for ten days. Thanmaeak area of each compound was
calculated and plotted against time as shown inrEig:3.



Nidhal M. Sher Mohammed 2012 Ch 4/ 135

4.0E+07 - RL
[
u
S 3.5E+07 u u
p— .
< -
@
& 3.0e+074 ¢ .
r
2.5E+07 T T T T T 1
0 2 4 6 8 10 12
Time(day) ¢ 2-MeN
m 1,4-DMN
4.0E+07 - R2
= —n % 5 u
© 3.5E+07 4m & L] ] .
<
3 . .
o} s ~—e PS 3
o 3.0E+07 4 A4 % .
2.5E+07 T T T T T 1
0 2 4 6 8 10 12
Time(day) ¢ 2-MeN
m 1,4-DMN

Figure 4:3. The mean of the peak area of two replic ates (R1 and R2) of 1 pg/mL of mixed
solution of 1,4-DMN and 2-MeN in deionised water (0 .1% ACN) on different days.

Treating the data to a simple linear regressiomgudflinitab, the results showed non
significant degradation (p > 0.05) of 2-MeN and-DMIN for replicate R2 whereas
replicate R1 indicated a significant degradatior<(p.001) of both compounds. It should
be noted that these were not sterile solutions isgoiossible that replicate one was affected

by biological decomposition while the other was.not

In conclusion, these working solutions should bet ke the fridge at 4 °C temperature and

used for short time only to avoid this kind of dedgtion.

4.2.2.3 Comparing standards prepared in acetonitrii e and water

To compare standard solutions prepared in orgastieest (ACN) and water, this study
was carried out by preparing different concentretiql, 5 and 10 pg/uL) of mixed
solution of 1,4-DMN and 2-MeN in acetonitrile amal \water containing 1, 5 and 10 %

ACN respectively. Analysis of these solutions wasrfgrmed by HPLC and
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chromatograms showed peaks with good shape antk steiention time as shown in
Figure 4:4.
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Figure 4:4. Chromatograms of 1 pg/mL mixture of 1,4 -DMN and 2-MeN prepared in: a- water
(0.1% ACN) and b- 100% ACN.

Additionally, the results of a two sample t-testiloé peak area for 2-MeN (see Table 4:1)
showed no significant difference (p > 0.05) at thllee concentrations of (1, 5 and 10
Hg/uL) between the preparation in water and ACNweleer, for 1,4-DMN preparation
there was a significant difference (p < 0.05) dt thfee concentrations. Although,
statistically significant, practically this was @all random variability that could be due to
volumetric error in the preparation. Therefore stheesults confirm the reliability of using

these solutions for subsequent experiments.
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Table 4:1. The mean of peak area and the t-test for each compound in the mixture of 2-MeN
and 1,4-DMN prepared in acetonitrile and aqueous so  lutions at different concentrations.

Conc. Mean peak area of t-test Mean peak area of t-test

(ng/mL) 2-MeN (n =2) 1,4-DMN (n = 2)
Acetonitrile water Acetonitrile water

1 33189694 34433598 NS* 29982648 31216848 S*

5 154184703 155826052 NS 146041669 141575039 S

10 291259545 294843740 NS 292822597 302510876 S

NS*: no significant difference (p > 0.05), Sigusificant difference (p < 0.05)

It should be pointed that the aqueous standartiisrwork contained a high percentage of
acetonitrile (1, 5 and 10% ACN), however, it is gibke to prepare standards with lower

concentrations of acetonitrile (0.01, 0.05 and (Q.0%ing different dilution methods.

4.2.2.4 Assessment of precision

The RSD% values of 1,4-DMN and 2-MeN were 1.8 arddr@spectively for ten replicate
injections of a mixed solution of 0.1 pg/mL in wa6.1% ACN). The RSD% values were
higher than 1 which was selected as the precisiateria in this study. The low
concentration provided poor signal to noise. Howeas mentioned in Section 3.2.3.2, an
RSD% of< 5 % is acceptable for a method at low level cotregions close to the limit of

detection.

4.2.2.5 Calibration curve for standard solutions

The linearity of standard preparations was testée. calibration curves were constructed
by plotting the peak area of each compound agé#iestorresponding concentrations. The
five points of the regression line (each point uplitcate) offered good linear behaviour in
the ranges 0.02 — 0.1 and 0.2 — 1.0 pg/mL. Theficimaft of determination (B values as
shown in the figures below were found to be acd#ptand close to 0.990, which was the
R?selected for the linearity criteria in this studg¢ Section 3.2.3.3).
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Figure 4:5. Calibration graph for 2-MeN and 1,4-DMN  at range 0.02 — 0.1 pg/mL in agueous
solution.
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Figure 4.6. Calibration graph for 2-MeN and 1,4-DMN  at range 0.2 — 1.0 pg/mL in aqueous
solution.

4.2.2.6 Determination of the LOD and LOQ of 1,4-DMN and 2-MeN in
agueous solutions

Two approaches to measuring the LOD and LOQ wepieap based on the standard
deviations of ten replicate injections of a low centration of 0.1 pg/mL and the standard

deviation of the calibration curve at the low rafig@2 — 0.1 pug/mL.
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Table 4:2. LOD and LOQ values based on the statisti  cal data for the calibration curve in the
range 0.02 — 0.1 pg/mL and repeated injection (n =  10) of 0.1 pg/mL of mixed 2-MeN and 1,4-
DMN in agueous solution.

Assessed approach LOD (ug/mL) LOQ (png/mL)
2-MeN 1,4-DMN 2-MeN 1,4-DMN

Calibration curve (0.02 — 0.1 pg/mL) 0.012 0.010 036. 0.033

Injection repeatability (0.1 pg/mL) 0.006 0.005 0 0.018

As seen in the table, the results of using the different approaches indicate that the
repeated injections approach provided slightly lo@ed more realistic values than the
calibration curve approach. The LOD and LOQ valwese close to those for standards
prepared in ACN as described in Section 3.2.3.4s ™onfirmed that there was no
difference between the standards prepared in wat&@CN.

4.2.2.7 Adsorption of 1,4-DMN and 2-MeN onto the la boratory ware in

agueous solutions

The results below report the loss of compoundsesgad as a percent recovery which
represents the concentration of 1,4-DMN and 2-Med&s@nt in the solution after contact
with the laboratory ware compared with the origiealution. The standard solution was
kept in a volumetric flask and sealed to prevent\asiatilisation. As concluded in Section
4.2.2.3, no big difference was found between theparation of the investigated
compounds in ACN and water, thus confirming thatgréhwas no adsorption of the
compounds in water onto the surface of the volumdiask. Additionally, injecting the
standard solution at intervals over a four houmsopleshowed good precision of peak area
(RSD% < 1) for five replicate injections confirmiripat there was no loss during the

experiment.

1. Adsorption onto glass and plastic containers

The adsorption results for different glass contara@e shown in Table 4:3.
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Table 4:3. The recovery% and RSD% values of 2-MeN a nd 1,4-DMN from different kinds of
glass containers.

Glass containers Material 2-MeN 1,4-DMN

Recovery RSD% Recovery RSD%
% (n=3) % (n=23)

Volumetric flask Borosilicate 95 0.3 98 0.7

(50 mL)

Reagent bottle Borosilicate 89 1.7 91 2.6

(100 mL)

Quick fit conical flask Borosilicate 98 0.6 98 0.7

(100 mL)

Quick fit test tube Borosilicate 98 3.1 100 3.7

(10 mL)

Auto sampler vial Soda 96 2.3 98 15

(2 mL)

Screw vials Soda 97 0.8 98 1.0

(20 mL)

Screw top jar Soda 66 10.3 68 10.4

(100 mL)

The results show the percent recovery from eactaguer is more than 89% for both types
of glass containers giving acceptable precisiomthe exception of the soda glass screw
top jar which exhibited a much lower recovery arghtRSD%.

No relation was observed between the types of glastiner materials (borosilicate and
soda) and the adsorption potency. However, it \masva by Thakker et al. (1979) that the
adsorption of hydrophobic compounds onto glassased is significantly stronger onto
Pyrex glass (Pyrex is the trade name of borosdjcathe authors speculated that this was

due to the heterogeneity of the surfaces of tmd kif glass.

The good recovery in the present study might be tdu¢he presence of the small
concentration of acetonitrile (0.1%) in the aquesotutions which might reduce the
potential to adsorb onto the surface of the gléssconclusion, some containers were
identified (recovery> 95%) which could be used in the quantitative messents of 1,4-

DMN and 2-MeN in water samples.
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In contrast, the plastic materials caused a muajetadecrease in the recovery of 1,4-
DMN and 2-MeN and with high variability as seertlie Table 4:4.

Table 4:4. The recovery% and RSD% values of 2-MeN a nd 1,4-DMN from different kinds of
plastic materials.

Plastic containers 2-MeN 1,4-DMN
Recovery% RSD% Recovery% RSD%
(n=3) (n=3)
Bottle Polystyrene 92 15 93 0.6
Bottle Polyproplene 62 3.1 62 3.2
Bottle HDPE 44 10.1 45 10.7
Plastic syringe (BD Plastipak) 59 16 56 19
Micro pipettor tip 34 5.3 32 5.7

Polystyrene gave the best recovery of both compeyd — 93%) with good precision.
The low recovery results may be due to the nonfipleof these polyaromatic
hydrocarbons, which are insoluble in water becdheg are not able to break the forces
between water molecules. Adsorption is perhapsuisebecause the non-polar, sparingly
soluble hydrocarbons in plastic containers haveradéncy to partition onto the plastic
container walls. The adsorption mechanism may feeersible and most often multilayer,
these several layers are part of a highly orgarsgstem in the adsorbed phase (Thakker et
al., 1979).

Strachan and Hess (1982) speculated that hydratadmopounds bind to plastic materials
by physical phenomena not related to chemical imat A combination of electronic and
electrostatic interactions of the aromatic ringhwitydrophobic properties of plastic may
result in the adsorption of these compounds frogirtaqueous solutions preferentially

onto these plastic materials.

2. Adsorption onto filters

The systematic investigation in this work was teeas the possible adsorption of 1,4-DMN
and 2-MeN from water solution onto several typesviafely used filters (filter papers and

membrane filters). No work was found in the litarat concerning these materials and
studied compounds. The results are shown in Talie the percent recovery of each
compound was observed to vary with the type oétiliThe supor membrane filter and
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syringe filter offered low recovery with high RSD%owever, there was a smaller loss of
both compounds with Whatman filter paper and ghaissofiber filters.

Table 4:5. The recovery% and RSD% values of 2-MeN a nd 1,4-DMN in their solution after
adsorption on different filters.

Filter specification 2-MeN 1,4-DMN

Recovery RSD% Recovery RSD%

% (n=3) % (n=23)

Supor membrane filter (47 mm, 0.2 um) 32 69.2 34 465
Whatman filter paper (grade 1, 2 cm) 81 7.1 80 6.2
Glass microfiber filter (GF/C, 25 mm) 77 11.8 80 .ao
Syringe filter (supor membrane 32 mm, 38 57.4 27 714
0.2 um)

According to these results, filtration may not lwsgble for the analysis of 1,4-DMN and
2-MeN because they can be lost in this step owsrapsorption onto the filters. Therefore,
additional filters such as PTFE, nylon, cellulosérate, mixed cellulose esters and
polycarbonate should be tested. Using a very laajeme of sample solution to saturate
the adsorbed sites of filter might be a possibterahtive. Centrifuging could also be
investigated using glass centrifuge tubes but agt be compatible with HPLC column
packing size (less than 0.2 um) to avoid pluggifgcalumn by large size particles.
Typically, for centrifuging large particle sizegveral factors are required such as a high
centrifuge speed, high-density difference betwéensblid materials and liquid in solution

and low viscosity.

As one from this group of polyaromatic hydrocarbnaphthalene may represent a good
example (see Figure 4:1). This compound in watertism was found to be adsorbed by
filter disks (17.5 mm diameter) at two pore size220um and 0.025 um; the percentages
adsorbed from 3 mL were 86 and 98% respectivelynftbe initial concentration of
naphthalene solution. The high adsorption demotestridne role of van der Waals force as
a mechanism in this adsorption. Additionally, thergent adsorption from the fourth
filtration through the same filter of 0.22 um w&$8which means the adsorption capacity
of filter was still high enough to adsorb the ndgaténe after multi filtration of the solution
(Chiou and Smith, 1970).
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3. The effect of contact time on adsorption
In this study, it was observed that several coetain(e.g. screw top jar) had high
adsorption for the studied compounds. Thus, it wasth investigating if the length of

contact time provides an opportunity for greatesamgtion.

The effect of the length of contact time on theaapson of 1,4-DMN and 2-MeN on soda
glass jars was investigated. The results of peroce@n recovery versus the contact time
with the jar surface are shown in Figure 4:7. Theghibit a decrease in the percent
recovery of both 1,4-DMN and 2-MeN with longer dima of the contact time.
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Figure 4:7. The mean recovery% (n = 5) of 2-MeN and  1,4-DMN from using screw top jar (100
mL) at various time intervals.

As can be seen, the recovery of both compoundsdsed from 75 to 40 % after 4 hours

confirming the role of contact time on adsorption.

To demonstrate a maximum adsorption of 1,4-DMN 2uMeN onto the surface of the jar
for obtaining equilibrium, a series of experimeate also required over longer contact
times for the solution in the jar. Furthermore, difect of many factors on the adsorption

should be taken into consideration including shgkayitation period, temperature and pH
of the solution.

Although it was reported by Wolska and co-work&@05) that the adsorption process of
PAHs on the surfaces of glass vessels can take plamediately and that no noticeable
changes are observed over time, the study by Shanoh$olomon (1981) showed that the
adsorption loss of permethrin during storage oht qurface of glass sample containers
increased quickly in the first 24 hours of contiwate and then remained constant from 48
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to 120 hours. The authors indicated that increagiegsample volume to surface area of
contact ratio resulted in decreased adsorption lagsg Low recovery of synthetic

pyrethroid insecticides in water samples was alsterchined during storage in glass
containers and extraction using solid-phase menaglsr@inee et al., 2002). The loss of all
pyrethirod compounds rapidly increased due to gd®or onto glass surfaces, until the
concentration became constant at 58 — 72% of thiliconcentration. In a series of

experiments on the adsorption of trifluralin, whigh considered as the model for
dinitroaniline herbicides, the amount adsorbed ah® glass surfaces was affected by
many factors: the time of the contact, shaking agdation period (Strachan and Hess,
1982). When the vial contents were left undisturkibé results reported decreasing of
trifluralin in 1% ethanol in water from initial coentration 5 to 0.63 uM after 2 hours.
While using continuously shaken vial contents dyi2nhours incubation the concentration
dropped from 5 to 0.39 uM

4. Treatment of glass containers to reduce adsorgin

Trace impurities on the glassware rather than tmtainer material itself may have some
role in adsorption. Thus, the glassware used shioelthoroughly cleaned to eliminate or
minimise any interference problems and loss ofy@ealSeveral methods are available for
cleaning the glassware. For analysis of PAHs inewaamples, careful planning is
required. Usually, the washing procedure includgagidetergent and water as an initial
step followed by rinsing with organic solvents sashacetone and hexane to remove any
polar and non polar species from the glasswareasesf (Manoli and Samara, 1999). In
some cases, heating to 400 °C for 1 hour is recamdet for the non-volumetric
borosilicate glassware even though thermally stablapounds such as polychlorinated
biphenyls (PCBs) may not be eliminated unless mopghe glassware is subsequently is
done with acetone (House, 1994).

In this study, in order to minimise the extent loé tadsorption of 1,4-DMN and 2-MeN
onto the glassware, various washing procedures tested using different combinations
of Decon 90, 1 M NaOH, 1 M 30, and ACN. These treatment procedures were tested
on volumetric flasks (50 mL).

Decon 90 is a surface-active detergent used fanalg and or decontaminating laboratory
glassware after dilution with water to 2 — 5%. Thassware is immersed and soaked for 2

— 24 hours based on the contamination problemweshing laboratory glassware which
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iIs to be used solely for organic compounds if tle¢edyent alone is not sufficient for

cleaning then acidic or basic solutions should $edlby soaking overnight.

The aim of rinsing the glassware with ACN is to e non-polar materials. In addition,

it is the solvent used in this study for the molpifese and the standards preparation.

In this work, when the volumetric flasks were wakkeath Decon 90 alone, or Decon 90
followed by ACN approximately 2 — 6% of the compdamwas lost as shown in Table 4:6.
Washing these volumetric flasks with Decon 90, thévi NaOH or 1 M HSO, then ACN
increased the recovery to above 98% with good gieti New 50 mL volumetric flasks
that had never been used before also gave goodemcavith good precision whether
treated or not. This suggests that it is eithertammmation or degradation of the glass

surfaces that might cause adsorption in the oldseks.

Table 4:6. The recovery% of 2-MeN and 1,4-DMN using different treatments of volumetric
flasks (50 mL).

Treatment of Volumetric flask 2-MeN 1,4-DMN
(50 mL) Recovery RSD% Recovery RSD%
% (n=23) % (n=3)
Decon 90 95 0.3 98 0.7
Decon 90 + ACN 94 14 97 14
Decon 90 +1 M NaOH + ACN 101 1.0 102 11
Decon 90 +1 M KSO, + ACN 100 1.6 101 1.8
New flasks without treatment 103 0.1 103 0.1
New flasks + 1 M NaOH +ACN 98 2.0 99 1.8
New flasks + 1 M HSQO, + ACN 98 2.0 99 1.9

These series of experiments show that treatmeit switium hydroxide or sulphuric acid
followed by ACN resulted in acceptable recoverylpd-DMN and 2-MeN from these
volumetric flasks which therefore are a good chaéicese for quantitative analysis of these

compounds in water samples.

Laboratory studies have reported the effect ofgisicid and base materials on adsorption
by glassware. A study by Farrer and Hollenberg 8l @5 successive alkaline treatment of
volumetric flasks with sodium hydroxide showed mis@ption of thiamine. In addition,

no adsorption of thiamine was shown onto glass wurmmditions of pH 1 using
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concentrated hydrochloric acid in the solution. réfiere, the authors were using an
acidified solution in their laboratory and treatitig glassware with alkaline solution every

three months (Farrer and Hollenberg, 1953).

The pH of the solution has a pronounced effecthan magnitude of adsorption on the
surfaces of the containers. This was illustratecbupgh studying the adsorption of
methotrexate drug in alcoholic solutions onto ghas® and syringes (Chen and Chiou,
1982). It appeared that the adsorption was redatmver (pH 2 — 4) or higher (pH 8 — 9)

values.

A study of the adsorption of the hydrophobic amilneg @-[(dibutylamino)methyl]-6,8-
dichloro-2-(3°,4 -dichlorophenyl)-4-quinolinemetldnmonochloride) onto surfaces of
different types of containers (Thakker et al., J9%Bowed that preparing solutions of
water-methanol (1:1) in 0.01 M,80, from this drug minimised the adsorption onto the
surfaces of the containers. The observation wasugiag polyfluoroetylene beakers over
10 hours in the presence of 0.01 M), resulted in the loss of only 20% of the drug but
replacing the acid with buffer solution of phosghat pH 5.8 caused more than 70% of the
drug to be lost. However, the authors assumedttigatcidic solution specifically has no
effect on the container surfaces but this reduatioacidic solution possibly can be due to
the domination of the polar monocationic form o ttirug, which has good solubility in

the hydroalcoholic solution.

It is possible that some treatments of the glasswauld reduce the impact of the amount
of loss due to adsorption. To increase the hydrbiity or reduce the adsorption of PAHs
onto the glassware, the use of silane coated dgibed) glassware is considered
particularly with a low concentration of solute,chase the adsorption on these treated
surfaces is weaker than on uncoated surfaces. gplecation includes introducing large
molecules of a polymer of reactive silane such ddorotrimethylsilane or
dichlorodimethylsilane onto a piece of glasswaree(§ 2001; Qian et al., 2011). However,
despite silanisation of glass surfaces adsorptiohighly hydrophobic PAHs may still
occur and the detailed mechanism is hard to clanfy requires further investigation (Qian
et al., 2011). Another study conducted using ssahivials showed that the loss of
oxycarboxin compound in these vials was reducednbtitcompletely eliminated due to

some actives sites on the vial surfaces that rezdagnwen after treatment (Stanton, 1987).
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4.2.3 Conclusion

HPLC-UV analysis was demonstrated to be a suitabtereliable method for the analysis
of 1,4-DMN and 2-MeN and to assess the adsorptidhase hydrophobic poly aromatic
hydrocarbons from aqueous solutions. The HPLC chtograms of aqueous standards

showed peaks with good shape and stable reternan t

The peak areas showed no big difference betweenlatds prepared in acetonitrile or in
water. When preparing aqueous standards of 1,4-Divbvn a stock solution in

acetonitrile, analysis of samples after differeatipds of stirring showed that 2 — 3 hours
mixing time with continuous stirring by a magnesitrrer was sufficient to obtain good
dissolution of 1,4-DMN. However, a mixing time of &ours was selected to ensure full

dissolution.

The results of studying the stability of aqueow@ndard solutions at 1 pg/mL of 1,4-DMN
and 2-MeN during ten days showed no significanthglean the peak area over the time for
both compounds in one replicate. A decline in thakparea for both compounds in another

replicate may be due to bacterial degradation.

In this study, the precision of a mixed solution tafo compounds in water at low
concentration (0.1 pg/mL) showed acceptable vahfe®RSD%. The linearity for the
agueous standard solutions was tested at diffeasges of concentration (0.02 — 0.1 and
0.2 — 1.0 pg/mL). The coefficient of determinati@®f) values confirmed good linearity of
the calibration curves. The LOD and LOQ of the ddcompounds in aqueous solutions
were calculated. Repeated injections led to lowst enore plausible values than the

calibration curve approach.

Adsorption of 1,4-DMN and 2-MeN to glassware suefaavas evaluated. The recovery
from old glass containers with the exception of¢bda glass screw top jars was found to
be more than 89% for both compounds with acceptatdeision. New volumetric flasks

that had never been used before showed no adsurplibese glass materials are
acceptable to use in future experiments and thghtslioss due to adsorption can be
controlled by applying the following cleaning prdcee: Decon 90, 1 M NaOH, 1 M

H.SO, and ACN. On the other hand, the low recoveriesamhpounds when using plastic
containers are unacceptable. Therefore using plasmtainers should be avoided. In
addition, adsorption onto the filters was foundbi® a big problem. Even though the

Whatman filter paper No. 1 showed the best recothésywas only 80%.
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During this stage of the project, it was unfortengiat the work in this investigation had to
be suspended and not fully completed due to thdaglshortage and high cost of
acetonitrile at the time of performing this workipgplies of acetonitrile did not return to
normal level to complete this work. However, mareestigation is required regarding the
adsorption of 1,4-DMN onto the laboratory ware ptm quantitative determination of this

sprout inhibitor in real water samples.
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4.3 Chlorpropham and 3-chloroaniline

4.3.1 Materials and methods

4.3.1.1 HPLC system
The HPLC system used in this part of study is desdrin Section 2.1.2.

4.3.1.2 Chromatographic conditions

Analyses of CIPC and 3-CA were performed indivithuaking the same chromatographic
methods as described in Section 3.4.3.4. The excepts that 55% methanol was used as
the mobile phase for analysis of 3-CA at a run tieninutes and with a retention time of

~ 6.5 minutes.

4.3.1.3 Preparation of standard solutions

For the preparation of stock aqueous solutionsOofi§/mL of CIPC and 5000 pg/mL 3-
CA in water, an accurate weight of 0.005 and 0.Begpectively were weighed and
dissolved in water in a 100 mL volumetric flask andde up to volume with water. The
solutions were stirred for 24 hours using a magnstirrer in an incubator at 25 °C
temperature for CIPC and 20 °C for 3-CA. Workindusons of 1 ug/mL were prepared
from stock solutions of each compound and storeHerfridge at 4 °C.

4.3.1.4 Comparison of standards prepared in methano | and water

Standards prepared in water were compared withetlmosmethanol by preparing five
replicate standard solutions of 1 pg/mL of eactC&#C and 3-CA in each of water and

methanol. A t-test was performed to check the difiee between the two preparations.

4.3.1.5 Assessment of precision

To assess the precision of the analysis of CIPC3a@d standards in water, ten replicate
injections of each standard solution of 1 pg/mLewvearried out.

4.3.1.6 Linearity of the calibration curve for stan  dard solutions

The linearity of the regression line of the caltlora curve was evaluated by preparing two
sets of standard solutions of each of CIPC and 3iCWater at concentration ranges of
0.02 -0.1 and 0.2 — 1.0 pg/mL. Each standardinyasted twice.
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4.3.1.7 Determination of the LOD and LOQ of CIPC an d 3-CA in
aqueous solution

The LOD and the LOQ of CIPC and 3-CA in water solutwere calculated by two

approaches as discussed in Section 2.1.4.3 byephicate injections of standard solutions

of 1 pg/mL of each of CIPC and 3-CA and from thdibcation curve at low range
concentration (0.02 — 0.1 pg/mL).

4.3.1.8 Examination of the recovery of CIPC and 3-C A using different

laboratory ware

The adsorption of CIPC and 3-CA from aqueous smhstion different laboratory ware
(glass, flask, plastic, filters and syringes) waamined.

4.3.2 Results and Discussion

4.3.2.1 Comparison of standards prepared in methano | and water

The polarity of the organic compounds plays an irtgyd role in their solubility in water.
CIPC is a slightly polar compound whereas 3-CA setalbe highly polar forming strong
hydrogen bonding with water. Therefore, the soltybivf 3-CA in water is much higher
than CIPC (see Figure 4:8).

Pk
HN—C—O—CllH NH,
CHs
Cl Cl
Chlorpropham 3-Chloroaniline
Physical form Crystal Liquid
Molecular formula C10H12CINO, ¢BlCIN
Molecular weight (g/mole) 263. 127.57
Water solubility (mg/L) &9 25 °C 54@28a °C
Vapor pressure (mm Hg) or®at 20 °C 0.066 at 25 °

Figure 4:8. Physiochemical data of chlorpropham and 3-chloroaniline (SRC, 2011).
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Preparation of standard solutions of these compoimavater can be done in two ways:
either through dissolving the primary material imter or by mixing the solutions in
organic solvent. CIPC and 3-CA are much more selublwater than 1,4-DMN and 2-

MeN, therefore, they were directly dissolved in evat

The concentrations of stock solution were chosehetdelow their solubilities in water.
These solutions were noticed after a few minutesiiging on the magnetic stirrer to be
completely dissolved with the absence of any wsilvisoluble particles. However, to
ensure complete dissolution of CIPC and 3-CA sohgithey were mixed for 24 hours.
This was verified by comparing standards of eachpmund prepared in agueous solution
with those in methanol. The chromatograms (seer&igi9) showed peaks of CIPC and 3-
CA at the same retention time for both preparatwite good shape of the CIPC peaks,

however 3-CA chromatograms presented asymmetrgadphaving a little broader shape.
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Figure 4:9. Chromatograms of 1 pg/mL of solutions o
prepared in methanol, c- 3-CA prepared in water and

d- 3-CA prepared in methanol.

f: a- CIPC prepared in water, b- CIPC
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From the chromatograms in Figure 4:9, it can ba s$kat the impurity peak in the water

solution is a little smaller than with the methastalndards.

The results of a two sample t-test of the peak fmeaach method of preparation indicated
a significant difference (p = 0.00) between theppration of CIPC in water and methanol,
that can be interpreted to be due to a weighingr eluring the preparation. In particular, a
50 pug/mL stock solution of CIPC was prepared inewathich can result in a larger weight
error than preparing the highly concentrated sotuin methanol (10 000 pg/mL). No
significant difference was found between the prapan of 3-CA in water and its

preparation in methanol.

Table 4:7. The mean peak area and results of the t- test for each compound prepared as 1
pg/mL solutions of methanol and water.

Compound Mean peak area (n = 5) t-test
Methanol Water

CIPC 16362053 19193052 S*

3-CA 16215163 16132725 NS*

S*: significant difference (0<05), NS*: no significant difference (p > 0.05)

4.3.2.2 Assessment of precision

The precision of the standards in aqueous solutas measured. Using ten replicate
injections of 1 pg/mL of each aqueous solution #Cand 3-CA showed good precision
with RSD% values 0.8% and 0.3% respectively. Thuse, precision of the standard
preparations in water can be considered accepthhted on the precision criteria
previously discussed (see Section 3.2.3.2).

4.3.2.3 Linearity of the calibration curve for stan  dard solutions

The regression line was plotted between the peaiisaof each compound against the
corresponding concentrations for two ranges (0.02l-and 0.2 — 1.0 pg/mL) as shown in
Figures 4:10 and 4:11. Good linearity was assessmdbrding to the coefficient of
determination (B which gave valueg 0.993, which is greater tharf Relected for the
linearity criteria (0.990) in this study (see SentB.2.3.3).
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Figure 4:10. Calibration graph for 3-CA and CIPC at  a range of between 0.02 and 0.1 pug/mL
in aqueous solution.
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Figure 4:11. Calibration graph for 3-CA and CIPC at  a range of between 0.2 and 1.0 pg/mL in
aqueous solution.

4.3.2.4 Determination of the LOD and LOQ of CIPC an d 3-CA in
aqueous solution

The LOD and LOQ of ten replicate injections of ague solutions of 1 pg/mL of each of
CIPC and 3-CA presented higher values than thdregion curve approach (see Table
4:8). The reason might be due to the high conceotrahosen. In contrast, the calibration
curve approach proved to give reliable and moretwal values of these compounds in
aqueous solution. It should also be pointed outttiese values are close to those obtained

in methanol solutions that were discussed prevoinsEection 3.4.3.7.
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Table 4:8. LOD and LOQ values based on the repeatab ility injections (n = 10) of 1 pg/mL of
CIPC and 3-CA and the statistical data for the cali  bration curve in the range between 0.02
and 0.1 pg/mL.

Assessed Approach LOD (png/mL) LOQ (ug/mL)
CIPC 3-CA CIPC 3-CA
Injection repeatability (1 pg/mL ) 0.024 0.009 @08 0.030

Calibration curve (0.02 -0.1 pg/mL) 0.008 0.0030.026  0.009

4.3.2.5 Examination of the recovery of CIPC and 3-C A using different

laboratory ware

The adsorption of CIPC and 3-CA onto laboratorysg¥eare in aqueous solutions was
investigated. The recovery of compounds in theweays solution was measured after
contact with surfaces of laboratory ware that asenmonly used in the quantitative

analysis such as glass, plastic, filters and sgsgng

The results in Tables 4:9, 4:10 and 4:11 show éxuetecovery of 3-CA from its solution
and very low adsorption of CIPC. However, some tglasiaterials (HDPE bottle and

PALL Acrodisc syringe filter) caused more adsorptas CIPC.

High recoveries of 3-CA were obtained due to itghler polarity and solubility that
provided a strong interaction with water allowirtgta remain in the aqueous solution.
However, the loss of CIPC might be caused duesttower polarity. The low recovery of
CIPC resulted from the syringe filter (PALL Acrodi$3 mm) may be interpreted as due to

chemical incompatibility.

As a conclusion, bottles and filters with acceptdblv adsorption can be selected from

those tested for future experimental work.
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Table 4:9. The recovery% of CIPC and 3-CA using d ifferent glass containers.

Glass containers Material CIPC 3-CA

Recovery RSD% Recovery RSD%

% (n=5) % (n=5)
Volumetric flask Borosilicate 97 0.9 101 0.2
(10 ml)
Quick fit conical flask Borosilicate 98 1.8 100 0.8
(25 ml)
Screw top jar Soda 97 1.4 100 0.3
(100 ml)

Table 4:10. The recovery% of CIPC and 3-CA using di  fferent plastic materials.

Plastic containers CIPC 3-CA
Recovery RSD% Recovery RSD%
% (n=5) % (n=5)
Bottle Polypropylene 96 1.2 100 0.9
Bottle HDPE 92 15 100 1.0
Plastic syringe (BD Plastipak) 97 0.8 99 0.4
Micro pipettor tip 97 1.9 100 0.3

Table 4:11. The recovery % of CIPC and 3-CA using syringe and filters.

Filters specification CIPC 3-CA
Recovery RSD% Recovery RSD%
% (n=5) % (n=5)
Chromacol syringe filter (PTFE) 93 1.2 99 3
PALL Acrodisc syringe filter (supor) 61 9.9 93 0.5

Glass microfiber filter paper 47 mm 97 0.9 99 0.9
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4.3.3 Conclusion

Standard solutions of CIPC and 3-CA in water wameppared and compared with those
prepared in methanol. Standard solutions of 3-Céwsd no significant difference when
prepared in water or methanol, whereas a signifid#ference with CIPC preparations
was reported due to the difficulty in weighing #raall weight needed to prepare the stock
solution of CIPC.

Good precision was determined for ten replicatedtipns of 1 pg/mL of each aqueous
solution of CIPC and 3-CA with RSD% values of I¢ésan 1. Good linearity was found
according to the coefficient of determinatior\Ralues of> 0.993. The LOD and LOQ
measurements showed lower values by calculatingstiedard deviation based on the
calibration curve approach compared to replicgections. These values were found to be

close to those obtained for the methanol soluti@pgrations.

The possibility of adsorption of CIPC and 3-CA omiassware in aqueous solution was
studied. The experimental recoveries indicated lexderecovery of 3-CA with all types of
laboratory ware tested. CIPC showed recoveriestgraaan 92% with most of the
materials tested. In general, these results aepéaiole and caused no great concern for the
adsorption of these compounds onto laboratory wheggfore these materials can be used
for the quantitative analysis of CIPC and 3-CA iater samples.

The adsorption of 3-CA onto laboratory ware woukbabe important to investigate and
evaluate the factors related to bind 3-CA onto foopeeel surfaces; this will be discussed in
Chapter 6.



Chapter 5: Extraction method for the determination
of CIPC and preliminary analysis of its metabolite

3-CA in potato samples

5.1 Introduction

After application of sprout inhibitors to potataasstores, residues or degradation products
remaining in the potato tubers are of concern tmrsamers due to their possible toxicity.
Therefore, determination of their levels in potatde very important for the potato
processing industry and human consumption. Stuthes have been undertaken to
measure the residues of these sprout inhibitorsvaticdhat the majority of the residue
remaining is from the parent pesticides but soméabmites have also been found in
potatoes treated with sprout suppressants (FAO VahktD, 2001; Orejuela and Silva,
2005).

Residues of chlorpropham and its metabolite 3-C¥eHzeen identified in treated potatoes
after long term storage (Orejuela and Silva, 200fmrobey and Sun, 1987; FAO and
WHO, 2001; McGowan et al.,, 2010). Nowadays, theemheination of CIPC and its
metabolite 3-CA in potato samples is receiving éasing attention by the potato industry.
The MRL of CIPC should include both CIPC and 3-TAus, the focus has been towards
developing reliable and rapid methods to extraact gnantify these residues in potato
samples.

A number of extraction techniques have been emgldgeextract CIPC residues from
potatoes and other matrices. Conventionally, sirspleent extraction using solvents such
as methanol, acetone, hexane and methylene chlcowg@ed with GC analysis or HPLC
has been widely used. Homogenisation is also ornleeomethods commonly employed to
extract CIPC residue from potato samples by blenavith an organic solvent (Lentza-
Rizos and Balokas, 2001; Tsumurahasegawa et &2; M¢agami, 1997). Most recently,
numerous papers have reported the successful usevoftechniques of extraction for
CIPC. Two optimized methods with accelerated sdhextraction (ASE) and Soxhlet for
extraction of chlorpropham from potatoes were presg (Schuermann et al., 2006).
Additionally, Solid Phase Micro-Extraction (SPMB)llbwed by GC/MS analysis have
been applied to extract CIPC in potatoes (Volamntal.e 1998). The extraction procedure
involved homogenising a potato sample which wasteld in water to create a suspension
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and extracted with a 100 um thick polydimethylsdog fiber then desorbed into the
injection port of the GC-MS. The residue resultgto$ method in potatoes corresponded
to those obtained with a traditional multiresiduetihod. Ultrasonic solvent extraction
coupled with thin-layer chromatography was repotigdBabic and co-workers (1998) to
extract CIPC from soil. The extraction method wagdimised regarding the volume of
solvent, the optimum time of sonication and numbgkmextraction steps. This method
showed good extraction efficiency combined with dioity of use and the solvent
consumption was significantly lower. Sun and Le80& made a comparison between
microwave-assisted extraction (MAE) and superda@itfluid extraction (SFE) using HPLC
with UV detection to extract CIPC from soil, SFEh#&ited slightly higher recovery for
CIPC than MAE. Although these techniques are liess tonsuming and have low solvent
consumption the apparatus has high cost which ngnbe justified when analysing large

numbers of samples.

In reviewing the literature, no suitable validat®@thod was found and specified for the
associated determination of the parent chlorprophamd its metabolite 3-CA in
commercial potatoes by HPLC analysis. However,ydital methods have been reported
to determine CIPC alone or combined with diffeneatabolites.

Some methods have been used with varying succesgrapvarious types of solvents and
analytical techniques. Beernaert and Hucorne (188%¢loped a simple and rapid method
for the quantitative determination of residual CIB& IPC in fresh potatoes. The potato
was cut into small pieces and mixed with waterlitam a homogenous slurry, which was
extracted by adding methylene chloride. After dluging and concentrating, the extract
was transferred to a 2 mL calibrated tube contgi@htthloroaniline as an internal standard
then made to volume with hexane prior to quantigatanalysis by GC. The recovery
results at spiking levels of 0.5, 1.0 and 5.0 mgilege 99 + 10% and 100 + 15% for CIPC
and IPC respectively. The limit of detection fotlbb@ompounds was 0.1 mg/kg. Analysis
of 161 potato samples using this method reportat 8 samples exceeded the maximum
tolerated value of 5 mg/kg (which was establishre@elgium by Royal Decree in 1988).
The maximum residue found for CIPC was 15.4 mgBegpfnaert and Hucorne, 1991).

The residue of CIPC has been extracted from crigpsa method involving solvent
extraction by blending, clean up with an alumindusm and GC analysis. This method
reported residue levels of CIPC in potato slicesrgo frying, crisp samples immediately

after frying and fryer oil to be 0.18, 0.45 and thd/kg respectively. Crisps produced from
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untreated potato were spiked with 100 pg CIPC ixahe solution, after allowing the
solvent to evaporate, the crisps were extractedtlamdotal recovery rate was found to be
93.2%; the minimum detectable amount of CIPC wa8®mg/kg (Ritchie et al., 1983).

Worobey and Sun (1987) analysed the potato pgebtatoes samples taken from different
supermarkets to determine the residue levels 6#CGind two of its degradation products;
3-CA and 3,3 —dichloroazobenzene (3,3-DCAB). Patalbers were washed to remove any
particles of soil and peeled, taking 20 g from pleel for analysis with 50 mL of methanol
and homogenising in Polytron blender for 4 minuidse macerate was filtered and dried
over anhydrous sodium sulphate then rotary evapdrander vacuum. The methanol
extract was combined with saturated NaCl solutiom gartitioned into methylene
chloride. After washing the methylene chloride agtr with further saturated NacCl,
trimethyl pentane (TMP) was added and used tofeatise analytes by rotary evaporation
of methylene chloride. Finally, the TMP extract waaslysed using gas chromatography
coupled with electron capture detection (GC-ECDJ gas chromatography coupled with
mass spectrometry (GC-MS). The chromatograms dfi bo¢ analyses of the extract of
potato peel showed peaks of 3-CA, CIPC and 3,3-DCH&: residue level for duplicate
injections of several extracted potato samplesedrigppm 21 — 166 ug/kg (CIPC), 0.18 —
0.36 pg/kg (3-CA) and 2 — 39 ug/kg (3,3-DCAB).eTduthors interpreted the formation
of both metabolites to hydrolysis of CIPC to 3-CAiieh transformed to 3,3-DCAB
through peroxide oxidation or diazotisation redmctand coupling. Another assumption
was that 3-CA occurred as a contamination in tlndation, since CIPC is synthesised
commercially through reacting 3-CA with isopropylmfoformate. Recovery results by
this method were 87.5% for CIPC (at spiking levely/kg), 6.3% for 3-CA (2 ug/kg)
and 59% for 3,3-DCAB (2 upg/kg). However, no explaora was offered for the low
recovery of 3-CA in this method.

Coxon and Filmer (1985) treated two varieties dfapmes with various concentrations of
14C or *Cl-CIPC and stored them for 6 months at 10 °C i & flange flask under
controlled ventilation conditions in the laboratoRor the extraction of CIPC residues and
identification of its metabolites, the peel was iersed in boiling methanol for 20 minutes
and cooled before homogenisation blending. The amethextract after filtration and clean
up process was analysed and only CIPC was foureteTWias no evidence of 3-CA or any
other degradation product of CIPC in the peel extralthough there was 27.4 — 29.2% of
the radioactivity label found as non-extractablermbresidues in peel (Coxon and Filmer,
1985).
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Chlorpropham and propham in potatoes were detedninyeOrejuela and Silva (2004)
using HPLC with peroxyoxalate chemiluminescence-(F(. After decarboxylation of
IPC and CIPC by basic hydrolysis to aniline and AB-@spectively they were readily
derivatised with dansyl chloride for a short timedathe dansylatated amines were
analysed by HPLC achieving good separation wittREBnGg column and 60% aqueous
acetonitrile solution as the mobile phase at a ftate 0.8 mL/min. The recovery results
from spiking potato samples with CIPC and IPC ab %@/kg ranged from 97.5% to
103.2% using dichloromethane as the extractanthen gresence of saturated sodium
chloride. The reliability of this method was asseksby validating the sensitivity, linearity,
limit of detection and precision. The limit of deten was reported as 3.5 ug/kg. The
choice of applying this rapid and sensitive metiwodseful for the determination of CIPC

and IPC, however, no attempt was made to deal 3v@A (Orejuela and Silva, 2004).

Orejuela and Silva (2005) also developed an amalytmethod for the multi-residue
analysis of CIPC and aniline metabolites namely higtoaniline, 3-chloro-4-
hydroxyaniline and 3-chloro-4-methoxyaniline in @kt samples. The method involved a
derivatisation procedure of a mixed aqueous salubiothe analytes with 5-(4,6-dichloro-
s-triazin-2-ylamino) fluorescein (DTAF) as a fluscence agent (since the analytes are not
fluorescent), then using micellar electrokineticpitary chromatography with laser-
induced fluorescence detection (MEKC-LIF) for sepian and determination. Potatoes
were chopped with a food processor then subsam@es spiked with aniline metabolites
or CIPC prior to homogenisation and extraction watichloromethane. The recovery
results for the aniline metabolites at spiking levef 10 — 250 pug/kg were over 97%.
Although this method determines the parent pe#i€dPC and aniline metabolites the
drawback is the long laboratory procedure that irequa derivatisation step (Orejuela and
Silva, 2005).

Several unpublished methods were reviewed by tive Bteeting on Pesticide Residues
(JMPR) in 2001 for the determination of residue€£&?C alone or of the parent and three
metabolites namely; 3-CA, 4-hydroxy-CIPC and paethuoxy-CIPC in potatoes. Most of
these methods involved homogenisation and extractith an organic solvent (e.g.
methanol, petroleum ether/acetone, hexane/acetdopwed by partition into
dichloromethane. For further purification, a Fldrolumn was used. Following transfer
into a volatile solvent, determination was carrmat using gas liquid chromatographic
coupled with nitrogen phosphorus detection (GLC-)NBDby gas liquid chromatography
coupled with electron capture detection (GLC-ECHigrabromination. Three methods



Nidhal M. Sher Mohammed 2012 Ch5/162

were described in detail and the recovery data fspiking whole potato and fresh peel
was found to be quite variable ranging from 36 -8%2for CIPC, 51 — 120% for 4-

hydroxy-CIPC, 72 — 129% for para-methoxy-CIPC araf 0 — 77% for 3-CA. Several
samples were with recoveries outside acceptable- A20% range. Only one method
quoted the LOD and LOQ values to be 0.08 and O.4fkgnrespectively in whole

potatoes, fresh pulp and peel and processed weffpE® and WHO, 2001).

Methanol extractant and HPLC analysis were usetlVidlgon et al., (1981) to extract the

residue of CIPC from spiked potatoes and three rothedstuffs, peas, beans and
blueberries. Potatoes were spiked at levels ranfyjorg 0.25 — 81 mg/L and the extract
was cleaned up using an acid aluminium column padiPLC analysis to give recoveries
in the range 64 — 102% for all four foods. The hssshowed that recovery of 100% or
better was obtained at higher concentrations (aldowey/L of CIPC) while the recovery

was less at lower concentrations. The limit ofdieéection was 0.12 mg/kg. However, this

method was not applied for determining CIPC meti&dm(Wilson et al., 1981).

In recent decades, many researchers have develmgdidods to extract CIPC from

potatoes at the University of Glasgow laboratorigsyd (1988) developed an extraction
method by blending the whole chopped potato wittehe for 1 minute at high speed in an
electric blender in the presence of anhydrous sodiulphate. The homogenised mixture
was quantitatively transferred to an aluminum leottlith hexane and shaken for 30
minutes and left 24 hours prior to filtration. Thesidue of the filtration was washed
through a filter paper with hexane many times drehtthe filtrate extract obtained was

concentrated using a rotary evaporator prior tdyarsaby GC (Boyd, 1988).

Baloch (1999) developed a method based on Soxktetation by chopping the whole
potato tuber with an electric food processor. Assuhple was taken from the homogenised
chopped sample and placed into a cellulose thimiile anhydrous sodium sulphate then
extracted with hexane for two hours in a Soxhletragting unit. The extract was
evaporated to dryness using a rotary evaporatartamperature below 40 °C and then 2
mL of hexane was added to the flask to redissohee dvaporated extract, which was
transferred and then loaded into the GC. This ntethkas found to be easier and quicker
than the blending procedure by Boyd (1988). Culyenihe Baloch (1999) method with
some modifications is used as the routine methodhatlaboratory of University of

Glasgow applied to treated commercial potato sasnple
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Since previous studies have shown that most CIB@ue is mainly found to be in the
outer layers (approximately 2 mm thickness) of tedapotato tubers with little or no
residue in the pith (Singh et al., 2009; Corsiniakt 1979; Lentza-Rizos and Balokas,
2001; Coxon and Filmer, 1985; Worobey and Sun, 188nhdy et al., 1992a; Worobey et
al., 1987), emphasis is placed upon extraction detdrmination of CIPC in the potato
peel, which represents the CIPC in whole potatersib~or that reason, the Baloch (1999)
method was modified taking potato peel instead bble potato tuber to extract CIPC

(Geraldine McGowan, personal communication).

However, all the previously mentioned methods sufiem some disadvantages related to
cost, large solvent consumption and long laborapwocedures which restrict the number
of potato samples that can be analysed per dayefiine, a simple and rapid analysis is

required in terms of less solvent use, equipmedtaaralytical steps.

Recently, a simple extraction procedure for peehas involving a small volume of
acetonitrile solvent coupled with HPLC analysis bagen carried out by researchers at the
University of Glasgow for the determination of CIP€sidues in potatoes (Khan et al.,
2008). The method comprised extracting of a reptase@e subsample of 5 g of potato
peel in 40 mL of acetonitrile in a 100 mL glasstleoteft overnight at room temperature.
The extract was filtered through a 0.2 um PTFE nramd syringe filter and analysed
using HPLC coupled with UV detection.

This soaking method was validated by comparisorh wite Baloch (1999) method
showing good correlation but with a 25% greaterdies of CIPC obtained by the soaking
method. The LOQ for the HPLC analysis based onikedpextract was 0.01 mg/kg in
potato tubers. The recovery result by spiking peses found to be 94% at spiking level of
2 mg/L. Currently, this method is also used atUWiméversity of Glasgow to analyse potato
samples treated with CIPC. The main advantagds®htethod are:

e Simple, faster analysis and fewer steps in ther&boy procedure.

* The extract is more concentrated.

* Less solvent is used.

» No need to rotary evaporate.
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» Greater sensitivity (lower LOQ) when coupled witRIEC.

* Inexpensive and applicable to a wide range of patamples on a daily basis.

* Low risk of CIPC evaporation.

» Satisfies safety requirements.

However, due to the acetonitrile shortage, it wasential to develop and validate an
analytical method for the determination of CIPCngsan alternative extracting solvent.
Moreover, the methods used at the University os@dav have been focussed only on the
determination of CIPC not its metabolites such-&A3and therefore optimised analytical

methodologies are required for both CIPC and 3-CA.

The efficiency of extraction of potato peel usingmaall volume of solvent relies on many
factors mainly the polarity of the solvent usedelpgurface area, the contact between the
peel and the solvent, temperature and agitatia@haking. Conventional solvent extraction
systems include methanol and acetonitrile. Theegfthre main objectives of the work in

this chapter were to:

» Develop a method to extract and analyse both CiRCita metabolite 3-CA using
methanol to overcome the problem of acetonitrilppdy at the time this study

carried out.

« Validate the new method through a recovery studZiBfC and its metabolite 3-
CA by spiking potato samples at different spikiagdls.

e Calculate the LOD and the LOQ for CIPC and 3-CAMIRC as internal standard
using this method.

* Correlate the new method with the routine methodh@tane Soxhlet extraction
coupled with GC analysis which is routinely usedta University of Glasgow

laboratory to extract and analyse residues of GiRgbtato samples.
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5.2 Materials and Methods

5.2.1 Methods

5.2.1.1 Standards
See Section 2.1.1 of preparation of standard swlstof CIPC, IPC and 3-CA in methanol

and hexane.

5.2.1.2 HPLC analysis

The HPLC system used is described in Section 2ad2the chromatographic conditions

for the HPLC analysis method are summarised ini@e&t4.3.4

5.2.1.3 GC analysis

See Section 2.1.7 for GC analysis system and chomraphic conditions.

5.2.1.4 Methanol soaking extraction

The soaking extraction procedure involved peellmy potato, chopping the peel into fine
pieces and mixing to obtain a homogenous sampée$setion 2.1.5). 5 g of chopped peel
sample from the potato peel tuber was weighed @th00 mL screw top jar (as no

adsorption of CIPC and 3-CA onto this containershewn in Table 4:9), then 40 mL

methanol containing the internal standard of 10migpropham (IPC) was added as the
extracting solution. The samples are left soakingreight (~ 16 hours) at room

temperature. The extract was filtered and transemto HPLC vials through a 0.2 pm
PTFE (Teflon) membrane syringe filter and analyseide. The standard solution was a
mixed solution of 10 pg/mL of 3-CA, IPC and CIPGepared in methanol (injected in

duplicate).

The residue concentration of CIPC and 3-CA in tkgaet and whole potato tuber was

calculated as follows:

Conc. in extract (ug/mL) [PAIn sample* Concof S_td PAIS in Std]
[PAin Std* PAIS in sample]

_[Conc.n extract* Vol. of extract(40mL)* Wt of totalpeel]

Conc. in tuber (mg/k
(mglkg) [Wt of peelsample Wt of potatotuber]
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The recovery of CIPC, IPC and 3-CA was calculattbfows:

_[Concin extract(ug/mL)] , 1
[Concin Std(pg/mL)]

Recovery%

Note:

Conc.: concentration

PA: peak area

PA IS: peak area of internal standard
Std: standard solution

Vol.: volume

Wt: weight

It should be pointed out that the internal standafdPC was used to minimise the
analytical error due to dilution of the extracteshpounds caused by the presence of water
in the potato peel. Principally, the percentagevafer represents approximately 90% of
the potato peel weight (see Section 2.1.9). In shisly, IPC was selected as the internal
standard owing to its similar structure of CIPCt tith the absence of a single chlorine

atom.

5.2.1.5 Hexane Soxhlet extraction

The Soxhlet extraction procedure reported by Bald&99) was applied to extract CIPC
from treated potatoes. The remainder of the peshfeach tuber (left from the methanol
soaking extraction) was placed into a Soxhlet agtpar for extraction as described in
Section 2.1.6. The extract in the round bottomkflaas quantitatively transferred to a 100
mL volumetric flask and made up to volume. The &ottrwas divided into two portions

(each 50 mL) for simultaneous analysis by HPLC @@ For HPLC analysis, the sample
was filtered and analysed as described in Secti@rl.8. While the other 50 mL was

concentrated using a rotary evaporator system a€C36 obtain 1 mL CIPC extract. Then
200 pL of the 1000 pg/mL propham (IPC) internahdtad was added and the volume

was made up to 2 mL for analysis by GC.
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The concentration of CIPC and 3-CA residues in dabler was calculated according to

the extraction method and technique used is asvisl|

Hexane-Soxhlet- HPLC

Conc. in extract (ug/mL) = [PAlnsampI.e* Conc.of Std]
[PAin Std]

. [Conc. in extract* Vol. of extract(100mL)* Wt of totalpeel]
Conc. in tuber (mg/kgF
[Wt of peelsampler Wt of potatotuber]

Hexane-Soxhlet- GC

[Conc.in extract* Vol. of extract(100mL)* Wt of totalpeel]
[Wt of peelsampleé Wt of potatotuber]*25

Conc.in tuber(mg/kg)=

Note: the number 25 refers to the concentratiotofafcom 50 mL extract to 2 mL of the

concentrated extract.

5.2.2 Comparison of standard solutions prepared in organic
potato extract and in methanol

Organic potatoes untreated with any pesticide werehased from a local supermarket.
An extract of organic potato peel was obtaineddmnksg 5 g peel (n = 15) overnight with

40 mL of methanol. The extracts were pooled artdréd under vacuum through a glass
microfiber filter (GF/C, 47 mm) joined with a suporembrane filter (0.2 pum 47 mm).

After collection of the filtrate, three replicateba mixed spiked solution of CIPC, IPC and
3-CA were prepared at concentrations 0.1, 1 anddItL. Standard solutions of the same
number of replicates and concentrations were alspgoed in methanol. These solutions
were injected in duplicate into the HPLC systemctonpare the standards in organic

potato extract and methanol.

5.2.3 Detection limit of the studied compounds in t he organic
potato extract

The LOD and LOQ for CIPC, IPC and 3-CA in potatdragt were estimated by replicate
injections (n = 10) of a 0.05 pg/mL mixture of CIAEC and 3-CA prepared in an extract

of organic potato.
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5.2.4 Assessment of the recoveries of CIPC, IPC and 3-CA from
spiking organic potato peel

The methanol-soaking-HPLC method was applied tosoneathe recovery of CIPC, IPC
and 3-CA. 5 g of organic potato peel was spikedh \®Q@0 pL of spiking solution of mixed

CIPC and 3-CA at three concentrations, namely D.,and 10 pg/mL (5 replicates) as
shown in Table 5:1. The bottles were sealed foodr lprior to extraction with 40 mL of

methanol (containing IPC as the internal standfmdapproximately 16 hours (see Section
5.2.1.4). Additionally, 5 replicates of a contraklvno peel were carried out when 200 pL
of spiking solution was added directly to emptytlest which were sealed for 1 hour prior

to carrying out the same extraction.

Table 5:1. The spiking levels and extract concentra  tions for extracting 5 g of organic potato
peel.

Wt. of Spiking solution Extracting Spiking level Conc. in
Peel (CIPC + 3-CA) solution (IPC) in peel extract

59 200 pL 20 pg/mL 40 mL 0.1 pg/mL. 0.8 pg/g 0.1Inpig
59 200 pL 200 pg/mL 40 mL 1 pg/mL 8.0 ug/g 1.0nplg/
59 200 pL 2000 pg/mL 40 mL 10 pg/mL 80 ug/g 10nplg/

5.2.5 Variability of CIPC residues and uniformity o f a mixed peel

sample

To evaluate the effect of the uniformity of the jpeample on the variability of CIPC
residue measurement in treated potatoes, threwpetaeated with CIPC were peeled and
the peel was chopped into small pieces and welechiXen replicates from the pooled
peel were extracted and analysed by HPLC (see dpe&i2.1.4). The variability is
expressed by the RSD% of the residue of CIPC.

5.2.6 Final validation of the methanol soaking-HPLC method

To prove the applicability and reliability of theethanol-Soaking-HPLC method, it was
compared to the hexane Soxhlet-GC method (whidhasstandard method used at the

University of Glasgow).
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5.2.6.1 Correlation between the developed method an d the hexane

Soxhlet—-GC method for residue analysis of CIPC

Randomly, 29 individual potato tubers which hadrbéeated with CIPC were chosen
from large commercial stores. After washing andirdryprocedures were performed (as
described in Section 2.1.5), 5 g from the peelanhetuber was extracted and analysed by
the methanol-soaking-HPLC method (see Section BRlgaving the remainder of the
peel for hexane-Soxhlet-GC analysis (see Secti@rl5). The extract from the Soxhlet
extraction was also analysed by HPLC to comparedmt soaking extraction and Soxhlet

extraction.

To compare standards prepared in methanol and bgefiae replicate solutions of the
same concentration (1 pg/mL) of a mixture of CIF; and 3-CA were prepared in each

of methanol and hexane. These solutions were ggdaatduplicate into the HPLC system.

5.2.6.2 Determination of 3-CA in commercial potato samples treated
with CIPC

The experiment in Section 5.2.6.1 was extended égsuring the residues of 3-CA in the

29 potato tubers by application of the methanokswpHPLC method.

5.3 Results and Discussion

5.3.1 Comparison of standard solutions prepared in organic
potato extract and in methanol

In order to obtain the extract of potato peel,liregganic potato peel was soaked overnight
in methanol. After collecting the extract filtrasgmples were analysed and compared with
standard solutions of 1 pg/mL of solution of CIRRC and 3-CA prepared in methanol.
Standards of the three compounds were also prepar@gooled extract of organic peel
and compared with standards prepared in methanbtes concentrations (0.1, 1.0 and 10
png/mL) using t-tests. Figure 5:1 compares the chtograms obtained from HPLC
analysis of the extracts and standards.
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Figure 5:1. Chromatograms of a- 1 pg/mL solution of
methanol, b- extract of organic potato peel, c- 1 u
prepared in an extract of organic potato peel and d

CA prepared in extract of organic potato peel.

CIPC, IPC and 3-CA prepared in
g/mL solution of CIPC, IPC and 3-CA
- 0.1 pg/mL solution of CIPC, IPC and 3-
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As can be seen from Figure 5:1 b, HPLC analysithefextract of organic potato peel
produced a typical chromatogram showing overlappiegks of co-extracted compounds
which eluted earlier in the chromatogram accordmgheir polarity. Potato peel contains
moisture, crude fat, crude protein, ash, crudesfdord carbohydrate (Mohdaly et al., 2010;
Camire et al., 1997; Shukla and Kar, 2006). Extoacdf potato peel in an organic solvent
yields an extract containing compounds such asofiaids, phenolic compounds,
anthocyanins and glycoalkaloids (Mohdaly et al.L@0AI-Weshahy and Rao, 2009;
Ponnampalam and Mondy, 1983). The solvent usedsp&ay important role during
extraction of plant material. Commonly, highly polsolvents particularly methanol,
ethanol and acetone show good ability to extracteriads (e.g. phenolic compounds,
flavonoids) from potato peel compared with lowelapity solvents such as hexane, diethyl

ether and petroleum ether (Mohdaly et al., 2010).

On comparison with the standard solution of CIFR bnd 3-CA in methanol, the extract
chromatogram in Figure 5:1 b shows a good and ddearline, free from interfering peaks
in the region of the retention times of the threenpounds. Thus, no further clean up step
is required for the extraction procedure and amslgsaving time, effort and cost. The non-
appearance of CIPC and related compounds in thaotxtonfirmed that the organic

potatoes had not received any contamination froRGCI

The Figure 5:1 also compares the chromatogramsixddrstandard solutions of CIPC,
IPC and 3-CA prepared in both methanol and therocgaotato peel extract. In the spiked
peel extract, co-extractive interference peaks aguoe close to the 3-CA peak but the
peaks were well resolved and no effect of interfeeeof co-extractive materials was seen.
All the chromatograms produced peaks at the satemtren times for 3-CA, IPC and
CIPC peaks (approximately 4.5, 5.5 and 11 minwspectively).

Comparison between the two matrices at three cdratem levels (0.1, 1.0 and 10

png/mL) was made by a paired t-test of the peaksansang Minitab as shown in Table 5:2.
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Table 5:2. Paired t-test for the preparation of mix  ed standards CIPC, IPC and 3-CA in organic
potato peel extract and methanol at varying concent rations.

Compound t-test (p-value)

0.1 pg/mL (n =6) 1 pg/mL (n=6) 10 pg/mL (n 6)
CIPC NS* (p = 0.465) S* (p = 0.016) NS (p = 0.088)
IPC NS (p = 0.352) NS (p = 0.667) NS (p = 0.156)
3-CA NS (p = 0.268) NS (p = 0.836) NS (p = 0.466)

NS*: no significant difference (p > 0.05), S*: sificant difference (p < 0.05)

It is apparent from the table that the results smwasignificant differences (p > 0.05)
between matrices for all compounds at each of tielied concentrations with the
exception of the preparation of CIPC at 1 pg/mL chhidid indicate a significant
difference. The reason for this difference is nt#gac but it may be attributed to

contamination or volumetric errors.

In conclusion, methanol extracts were found to Uneable for HPLC separation of CIPC,

IPC and 3-CA and can be used for further work. Merfering peaks were found at the
retention times of the three compounds. Howevensiceration should be taken to avoid
matrix interference from the peel extract earlyna chromatogram close to the 3-CA peak
particularly at low concentration levels. Thus,oiercome any overlapping of the 3-CA
peak at low level and obtain good resolution, rédythe mobile phase to between 60 and
55% methanol and controlling the column oven atemperature of 25 °C are

recommended.

5.3.2 Detection limit of the studied compounds in t he organic

potato extract
In order to validate the extraction method, the L& LOQ for CIPC, IPC and 3-CA
were calculated through repeated injection of Qu@BmL of mixed standard solution

prepared in organic potato extract. The resultainobd from the HPLC analysis are

presented in Table 5:3.
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Table 5:3. LOD and LOQ values for replicate injecti  ons of a mixture of 0.05 yg/mL CIPC, IPC
and 3-CA prepared by spiking organic potato extract

Compound LOD (ug/mL) LOQ (png/mL)
CIPC 0.003 0.010
IPC 0.019 0.064
3-CA 0.006 0.020

Data from this table can be compared with the olafable 3:13 which gives the LOD and
LOQ values for repeated injection of the same cotnadon (0.05 pg/mL) of a pure

standard mixture. The values in Table 5:3 are dngeslightly lower with the exception of

IPC, which shows higher values due to the highamlity of the small peak area resulting
from the weak response at 210 nm. The limit of cteia can also be affected by the
presence of matrix interferences in the potato $angxtract that can subsequently
influence the quantitative measurement of the siéelncompounds.

The values in the Table 5:3 can be converted appedely to mg/kg of fresh potato tuber

weight as explained in the equation below usingtti@ solvent volume (40 mL) used to

extract 5 g of peel, assuming that the peel reptesgpproximately 10% of the total potato
fresh weight (see Tables 5:5 and 5:6). In a restrdty, the typical percentage peel weight
was found to be 10 — 16% of whole potato tuberhfreeight (Oteef, 2008). Previous

workers reported that the residue of 10 — 20 ugbhCIPC on a peeled potato basis is
equivalent to 1 — 2 mg/kg on a whole tuber bas@¢iDi et al., 1979; Brajesh and Ezekiel,
2010).

valueaspg/mL*40*10*1000
5*10C*100(

LOD or LOQ value as mg/kg

The estimated values of LOQ as mg/kg based on fretito tuber weight (10%) are 0.01,
0.05 and 0.02 of CIPC, IPC and 3-CA respectivelgn&ally, these values are acceptable
for the quantitative determination of CIPC and 3-@&idues at low levels in potato peel
extract. No clean up step is required other thirafiion, however, to obtain lower values
for the LOQ a further clean up may be useful. Aanlep step is important to avoid matrix

interferences and obtain a lower limit of detectiStajnbaher and Zupancic-Kralj, 2003).
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5.3.3 Assessment of the recoveries of CIPC, IPC and  3-CA from
spiking organic potato peel

Recovery information for the analyte following spigg of a sample is an important

measurement during validation of an analytical rméthn practice, variations in recovery

are most apparent in the determination of pesticddedues in complex matrices such as

foodstuffs and environmental samples (Thompsoth et 299).

In order to evaluate the efficiency and the accyraf the new method of methanol-
soaking-HPLC for measurement of CIPC, IPC and 3i€Aotato sample, the recovery
was investigated as a part of the method validafidnis experiment was conducted by
spiking organic potato peel with a solution of CIB@ 3-CA at three concentration levels
0.1, 1.0 and 10 pg/mL as described in Table 5:XerAéxtraction, the recovery was
measured and compared with the recovery obtain@a fthe control, which involved

adding the spiking solution to empty bottles (nelpas presented in Table 5:4.
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Table 5:4. The recoveries of CIPC, IPC and 3-CA fro m spiking potato peel using the
methanol-soaking-HPLC method.

Treatment Conc. pg/mL Compound  Recovery% RSD% (n =5)

Control 0.1 CIPC 100 5.7
IPC 91 5.6

3-CA 93 11.2

1.0 CIPC 103 1.2

IPC 99 0.5

3-CA 100 2.3

10 CIPC 99 2.7

IPC 101 0.8

3-CA 97 2.0

Spiking peel 0.1 CIPC 96 7.3
IPC 90 9.8

3-CA ND ND*

1.0 CIPC 95 2.3

IPC 89 2.3

3-CA 10 20.8

10 CIPC 89 3.3

IPC 89 0.3

3-CA 23 5.9

ND*: not detected (below the limit of detect)

Recovery values in this table represent the ratithe amounts extracted and measured
from the total amount added to spiked peel. Thevwexes obtained from the control and
spiked peels are more than 89% for both CIPC ar@ Wh good RSD% for five
replicates at the three concentration levels (@.0, and 10 pg/mL). In contrast and
contrary to expectations, the recovery results-GfA3from spiking potato peel was found
to be 10 and 23% at concentration levels of 1.0 Hh@g/mL respectively, with no peak
detected for 3-CA at the lower level of 0.1 pg/mlhe control recoveries of 3-CA were
greater than 93% at all three levels confirming thare was little or no adsorption onto
the glass surfaces of the jar or possible lossesugh volatilisation (which will be

discussed in details in Section 6.3.7).
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Generally, there are several sources that cantafé®overy measurements introducing
systematic and random errors (Thompson et al.,)199®ically, most analytical methods
depend on extraction of the analyte from a compharix into a simple solution that is
presented for the instrumental measurement. Incetaixtraction or strong binding of the
analyte results in a value lower than the actuaarhin the original sample. Additionally,
in some procedures, presenting the extracted ealdtir measurement involves using a
clean up step, filtration, & column and concentrating the extract by rotarypevation.
These steps may also cause a loss of the analgteudnsequently give lower recoveries.
Another possible explanation for the loss of thalge may be due to volatilisation,
solution transfer and adsorption onto laboratorgsgivare (Thompson et al., 1999;
LeDoux, 2011).

In the present study, the recoveries for CIPC &1 &re acceptable. On the other hand,
the reason for the low recovery of 3-CA is not claad difficult to explain, but it might be
attributed to incomplete extraction of 3-CA thatmvalently bonded or strongly bound to

the potato peel.

The recovery was tested at three concentrationideteeassess how the recovery may
depend on concentration. This was obviously the ocaslooking at the recovery of 3-CA,
which showed decreasing recovery when the spikimigcentration was decreased. In
particular, at the lowest level of spiking thereswe 3-CA was detected. Thompson et al.,
(1999) explained that the recovery might be claseetro at very low levels due to largely
chemisorption of the analyte onto a limited numbksites on the sample matrix. Whilst,
at high concentrations the recovery is partial,ethefing on the fraction adsorbed of the
total analyte but at very high concentration thé&ction is small and the recovery possibly

will be efficiently complete and close to 100%.

One of the more significant findings to emerge frins recovery study is that spiking

potato samples for 1 hour with a spiking solutidnCéPC and 3-CA at a concentration
level of 1 pg/mL which is equal to 8 pg/g in thegio peel (0.8 mg/kg in the whole potato
tuber), the recovery after extraction will be adebpe for CIPC (95%), but it is only 10%

for 3-CA. The low recovery of 3-CA from potatoessniavestigated further (See Chapter
6).
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5.3.4 Variability of CIPC residues and uniformity o f a mixed peel
sample

Routine analysis for the determination of CIPCdass in representative samples of potato
tubers can be achieved by applying two procedireplicates of several potato tubers are
taken, followed by analysis of each tuber indivithuthen calculating the average results.
Another alternative is pooling the replicate samaftem these several potatoes and using a
single analysis to get the average result. Thengeoption is less time consuming and
cheaper but the drawback is ensuring adequate gndirthe individual samples and the
loss of information on residue variability betwethie individual potatoes. The variability
information is of particular relevance to the mamim residue level (MRL) whilst

simultaneously achieving adequate control of spngut

Since all the residue of CIPC is located in theafmwpeel, taking the potato peel to measure
CIPC representing the whole potato tuber will besieraand is acceptable from an
analytical point of view. The appearance of mainiterferences present in other layers of
the tuber can be avoided as well (Oteef, 2008). Wheing peel from several potatoes
the average result will be influenced by the sizéndividual potatoes as this affects the
surface area to volume ratio and in addition thektiess of the potato peeling itself. The
variability is averaged out by mixing the peel séargind therefore it is important to peel

the whole potato for analysis.

The aim of this experiment was to assess the vlityaim CIPC residue levels resulting
from mixing pooled samples of peel, taken from salvpotato tubers. The variability of
the residue of CIPC was assessed using ten regdicdit g of peel taken from a pooled

peel sample obtained from three potatoes treatdd@PC (see Table 5:5).

Table 5:5. Total fresh weights of three potato tube rs, related total peel weights and the peel
percentage.

Wi of tuber (g) Wt of total peel (g) Peel % in tuber
218.51 21.41 9.80
263.96 20.64 7.82
232.10 20.15 8.68

Mean 8.70
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These three potatoes were approximately the saraessitheir peel percentages are close
which practically depends on the peeling processtha peel thickness. Peeling a potato
with a hand peeler and chopping the peel with apslkitchen knife into small and
homogenous pieces are important to obtain goodoumify of the peel sample and to
lower the variability in the analysis. Chopping tpeel into fine pieces is important to
increase the surface area and subsequently inciteasd#ficiency of the extraction due to
more contact between the solvent and the residd&R€ in the peel. Prior studies have
noted the importance of peeling by hand or usingeahanical peeler at 2 — 3 mm thick to
obtain uniformity in the thickness of the peel,rtle@opping with a sharp kitchen knife into
fine pieces (about 0.5 x 0.5 cm) and homogeneousgby hand to reduce the variability
(Oteef, 2008; Corsini et al., 1979; Singh et @12, Baloch, 1999).

The residues of CIPC in the ten replicates of thelgal peel sample were calculated as
mg/kg in the whole tuber using 8.7% peel as thempesel percentage for the three potato
tubers presented in Table 5:5 (see Section 5.3t®. variability of CIPC residue in the
potato peel extract and whole tuber of these tpliceges is expressed by RSD% as shown
in the Table 5:6.

Table 5:6. The RSD% values of CIPC residue in ten r eplicates of potato peel extract and
whole tuber.

Sample Wt of peel Solvent Conc. of CIPC

no. sample (g) volume (mL) Extract (ug/mL)  Tuber (mg/kg)
1 5 40 244 1.70
2 5 40 2.68 1.87
3 5 40 2.80 1.95
4 5 40 2.70 1.88
5 5 40 2.72 1.89
6 5 40 2.65 1.84
7 5 40 2.34 1.63
8 5 40 2.45 1.71
9 5 40 2.53 1.76
10 5 40 2.60 1.81

RSD% 5.65 5.65
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As can be seen from the table the residue condimisain the ten replicates are in close
agreement (RSD% 5.65) showing the uniformity of geeling, chopping, mixing and

pooling of the peel samples from these three pdtdders.

It is recognised that there may be variability i C levels within a single tuber according
to the distribution on the potato surface. The eyeghe potato surface possess a high
surface area resulting in higher uptake of CIPGhdBiet al., 2009). Therefore, it is
expected that the residue level of CIPC will be mbagher in the bud end of the tubers
compared to the stem bud, owing to the bud entefuber containing more eyes than the

stem bud.

Baloch (1999) investigated the variability of thistdbution of CIPC residue within the
potato tuber according to the location of the &ddtber in a box store. The residue level
of CIPC was found to be higher in the upper padas\gared to the lower parts of the
tubers.

Oteef (2008) examined the variability in the regichf the sprout inhibitors 1,4-DMN in
the peel surface of seven treated potato tubedsviding each tuber into four quarters and
analysing the peel of each quarter separately.eTtvais some variability within the tuber
expressed by %RSD in the four quarters of eachrttdoeging from 5.03 % to 21.55 %
whereas the variability between the tubers was71a9RSD%. The author suggested for
rapid analysis with minimum variability of the rdae of 1,4-DMN in potato tubers that
using several samples taken (as discs by a cdréne @eel from different locations in the
tuber may well be an acceptable alternative tatakhe peel from the whole tuber.

It should be noted that the deposition and the kgptef CIPC can be variable between

varieties. This difference is due to the differesn@@ the morphology of the periderm of

these varieties which possess different types dhse (rough or smooth) and therefore
surface area. A potato variety which has a rougfase and therefore a high surface area
may end up with a high uptake of CIPC (Mondy etE92b).

The ability to produce a uniform peel sample fosimgle tuber or several tubers is an
important requirement in the method validation pohae (discussed in Section 5.3.5) and

for routine residue analysis.
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5.3.5 Final validation of the methanol soaking-HPLC method

To validate the new method of extraction of CIP@nfrpotato samples, it was compared
with the hexane-Soxhlet-GC method, which is thetireumethod used to extract and
analyse CIPC residues in commercial potato samplescomparison involved correlation
between the CIPC residues extracted from 29 treadeatoes tubers by each method in

addition to comparison between the residues of 3-CA

5.3.5.1 Correlation between the developed method an d the hexane
Soxhlet—-GC method for residue analysis of CIPC

Figure 5:2 shows representative chromatogramseofwib analyses of the residue of CIPC
from individually treated potato tubers.
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Figure 5:2. Typical chromatograms for analysis of C IPC from treated potato tubers applying:
a- the methanol-soaking-HPLC method and b- the hexa  ne-Soxhlet-GC method.

As shown in Figure 5:2, the chromatograms fortthe analyses show good separation of
CIPC and 3-CA in extracted treated potato tubeirsgu$’C as the internal standard. It can
be seen that only small interference peaks wergeptén the GC chromatogram, none of
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which interfered with the identification and detent of the three compounds. However,
the co-extractive peak from the potato peel caasedhall effect on identification of the
baseline of the small peak of 3-CA, which elutedieathan the internal standard and

CIPC (as expected, according to their polarity).

To assess the efficiency of the new method of nmetlhsoaking-HPLC, a comparison
between the CIPC residues from the two analysesweaie through the regression line as

shown in the Figure 5:3.
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Figure 5:3. The correlation between CIPC residues i n treated potato tubers as determined by
methanol-soaking-HPLC and hexane-Soxhlet-GC.

As can be seen from the regression line, a googlation was achieved as shown by the
coefficient of the determination fRof 0.97. The slope of the regression betweertvioe
analyses is 1.23 meaning that the new method dfanet-soaking-HPLC produced results
for CIPC residue that were greater by 23% reldtiviie hexane-Soxhlet-GC method.

It is clear that there are several sources of idiffee between the two methods including
the weight of the peel sample, extraction procedergraction time, extracting solvent,

different standard solutions and different chrorgedphic analysis. Generally, these
factors are summarised by the three main issuedefagloping any analytical method that
are: extraction, clean up and analysis. The Soxétaction procedure includes many
steps and each of these steps has the potentiadramse the analytical error (Wallis and
Foley, 2005).
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However, to investigate the role of the chromatphra analytical technique using the
same extraction method, diluted extracts producgedhb Soxhlet extraction were also
analysed by HPLC to measure the residue of CIPCcantpare with the results from the
GC analysis. The comparison involved first pregaistandards for each method to see if
standards prepared in the different two solvente dhe same results. Standard solutions
in each of methanol and hexane were prepared agdplicates of a 1 pg/mL of mixture
CIPC, IPC and 3-CA in order to examine the resotytipeak shape and peak area of
compounds in hexane compared with methanol. Eacii@o was injected twice and the
chromatograms obtained from HPLC analysis are shovngure 5:4.
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Figure 5:4. Chromatograms of the 1 pg/mL standard s  olutions of CIPC, IPC and 3-CA
prepared in: a-methanol and b- hexane.

On comparison of the two chromatograms, it candsn ghat standards prepared in both
methanol and hexane showed good resolution of #8& 3IPC and CIPC peaks which
appeared at the same retention times (approximatdly 5.5 and 11 respectively).
However, the 3-CA peak showed a little overlappaith an impurity peak particularly for
the methanol standard. In contrast, the hexaneti@olchromatogram showed a little
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asymmetry and peak broadening for CIPC, in additmmgradual reduction of retention

time especially after several injections (see Fedub).
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Figure 5:5. Chromatogram of 1 pg/mL standard soluti  on of CIPC, IPC and 3-CA prepared in
hexane after several injections.

The reason for this may be explained by the faat thethanol and hexane are immiscible
solvents due to differences in polarity, viscosatyd solubility. Technically, one of the
common reasons for anomalous peak shape in HPL{ys&&s injecting a sample or
standard in a solvent that is different from the¢difor the mobile phase (Keunchkarian et
al., 2006). For that reason, theoretically, hexaim@uld not be injected into a non-miscible
mobile phase such as methanol, but from a praactiealpoint, it depends on the injection
volume of the sample and the mobile phase condeniraExperimentally, it is
recommended starting with a very small volume thamking up to a 20 pL injection.
Some analysts have attempted to develop a methagdnting 5 pL of a toluene sample
into methanol and buffer solution as a mobile phase obtained good results for peak
shape (John Dolan, personal communication). It el@served that in RP-LC injection a
large volume of sample solvent non-miscible witlke thobile phase could be used but
resulted in both a gradual reduction of retentioretand peak quality (Medvedovici et al.,
2007).

In this study, the autosampler was set up for auR0njection volume, which may have
caused the peak shape deterioration shown. Theg#tref the mobile phase used was
62% methanol, using a lower concentration mightroap peak shape, but a longer run

time would be required.

A t-test was used to analyse the relationship batwibe standards prepared in the two

solvents through analysis of the peak area oftidmedsrds. As can be seen from Table 5:7,
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the t-test results did not show any significanfestégnce (p > 0.05) between standard
preparations for IPC in the two solvents. Howevilrere was a highly significant

difference (p < 0.001) between the two preparation€IPC and 3-CA.

Table 5:7. The mean of peak area and t-test result  for each compound prepared in solutions
of 1 ug/mL of methanol and hexane.

Compound Mean peak area (n = 10) t-test
Methanol Hexane

CIPC 19921670 18431946 HS*

IPC 4102315 4115729 NS*

3-CA 20853940 22576297 HS

HS*: high significant difference (p < 0.001), NS$fo significant difference (p > 0.05)

There are several reasons for these differencesymin reason is overlapping of the
impurity with the 3-CA peak in the methanol soluathich affected the detection of exact
peak areas. Another possible explanation for thfsrdnce is related to the immiscibility
of hexane in the methanol mobile phase as discussede. Although, the peak areas of
CIPC and 3-CA in both preparations show a sta#ilyicsignificantly difference,
practically this small random variability could liie to a weighing error during the
preparation; in particular, the preparation of kteclutions (10 000 pg/mL) of compounds
in methanol and hexane were not made at the sanmee Wwhich can result in a larger
variability in weight error and preparation conalits. Therefore, these reasons clearly
support the confirmation of using these standahdtisms for HPLC analysis provided the

standards are prepared in the same solvent aarti@es.

The dilute extracts from the Soxhlet extraction f@be concentration by rotary
evaporation) were analysed by HPLC to determineQHC residue. Figure 5:6 shows a

typical chromatogram obtained from HPLC analysrstiie Soxhlet extracts.
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Figure 5:6. Typical chromatogram for HPLC analysis of the Soxhlet extract of CIPC residue
from treated potatoes.

Although the impurity peak slightly overlapped witie 3-CA peak, the two peaks of 3-
CA and CIPC were well separated with good resatutat reduction in their retention
times. Even though the CIPC peak was broadenedhahé low peak height (as discussed
above), this did not effect the CIPC residue meament. The analysis of the hexane-
Soxhlet extract by HPLC did not involve using timernal standard as apparent in the
chromatogram in Figure 5:6. This is likely becatise extract was made up to volume
(100 mL) with hexane prior to analysis by HPLC.

A comparison was also made between the HPLC and@y/ses of the CIPC residues

extracted by Soxhlet extraction through linear esgion as shown in Figure 5:7.
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Figure 5:7. The correlation between CIPC residues i n treated potato tuber (by Soxhlet

extraction) as determined by both HPLC and GC analy  sis.
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It is apparent from the figure that the correlatlmetween the two analyses shows good
agreement through the coefficient of determinaténR® (0.99). However, despite the
same extract of Soxhlet extraction and the sanek stiandard solution being used for both
analyses, the recovery between the two analys#iseoéxtract is different, showing 13%
lower results for GC analysis.

The main difference between the two proceduresh& totary evaporation used to
concentrate the extract for the GC analysis. ftassible that the loss is due to the transfer
of the extract from the round bottom flask to theR volumetric flask, insufficient rinsing
of the extract flask with solvent may leave som&dwee of CIPC on the surface. Another
possible explanation for this loss is volatilisatiaf CIPC during solvent evaporation using
the rotary evaporator. It was presumed that onehefprincipal sources for loss of the
residue of the potato sprout inhibitor 1,4-DMN frgeotato extracts by homogenisation
extraction followed by GC analysis might be duritfte solvent evaporation stage
(O'Hagan, 1991; Beveridge, 1979). Therefore, it wasommended to control the
temperature of the water bath and the pressuregusimstant vacuum in the rotary

evaporator during evaporation of the hexane solieeptevent the loss of 1,4-DMN.

In order to check the loss of CIPC in this studlys isuggested that re-extracting the round
bottom flask as well as rotary evaporation of ad#ad solution could be carried out. The
role of rotary evaporation in the loss of 1,4-DMNorfhi the Soxhlet extract was

investigated through a recovery experiment by redut00 mL of a standard solution of

1,4-DMN in hexane to about 2 — 3 mL using rotargmwation at a temperature of 35 °C
(Oteef, 2008). Analysing the concentrate of a stath@olution by HPLC showed a loss of
1,4-DMN of 9% during rotary evaporation. The autivterpreted this loss as due to the

temperature of the water bath used during they@eaporation.

To assess the contribution of the extraction metioothe higher residue results from the
new method of methanol-soaking-HPLC, the corretabetween the two HPLC analyses

of methanol-soaking and hexane-Soxhlet extracttegted as illustrated in Figure 5:8.
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Figure 5:8. The correlation between CIPC residues i n treated potato tuber determined form
methanol-soaking-HPLC and hexane-Soxhlet-HPLC analy  ses.

The figure shows a good fitting regression line@QPC residue obtained by the two
extraction methods expressed by the coefficierdetérmination R (0.98). However, the
methanol-soaking extraction gave results approx@imat0% greater than hexane-Soxhlet
extraction. A possible explanation for this migl# telated to the solvents used in each
extraction, methanol has a higher polarity compaxgti the non-polar solvent hexane.
Methanol as a polar solvent is more efficient theaxane in extracting the organic
compounds from plant materials in particular pa@ampounds. That may be explained by
the axiom of “like dissolves like”, as CIPC is algrocompound; its solubility and dipole-
dipole interaction in polar extractants are muajhbr than in less polar extractants (Sun
and Lee, 2002). Another possible reason is thatomeact time between the CIPC residue
in the peel and methanol using soaking extracti@s \greater (~ 16 hours) than with

hexane in Soxhlet extraction.

To investigate these assumptions, examining theotiseethanol with Soxhlet extraction
and in contrast hexane with soaking could be ua#lert to examine further the difference

between the two extractants.

This comparison indicates that the higher efficiemé the new method of methanol-
soaking-HPLC compared to the standard method carmeSoxhlet-GC is owing to both
chromatographic analytical technique and extraati@thod.
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Following the analysis, the results of residue Iewe the 29 individual potatoes obtained

from the three analyses are presented in Table 5:8.

Table 5:8. The range of CIPC residues in 29 treated potatoes measured by three analytical
methods.

Analysis method Range of the residue (mg/kg) Mean3D (n = 29)
Methanol-soaking-HPLC 1.16 —24.79 7.70 £ 8.08
Hexane-Soxhlet-HPLC 1.13 -22.97 7.19+7.27
Hexane-Soxhlet-GC 1.48 -20.34 6.55 +6.16

It should be pointed out that the residues of CiR@his table are not representative of
typical residues found in potatoes from potato egoiThese samples were selected to
provide a good range of CIPC residues up to appratdly double the MRL value (10
mg/kg) for the purpose of validating the new aneltmethod.

As a conclusion to the present work, a comparisiwéen two analytical methods showed
that the proposed method of methanol-soaking-HP&E the following advantages over
the hexane-Soxhlet-GC: rapid, with straightforwsatinple preparation, easy analysis, less
involved laboratory procedure, less solvent condionplower cost, greater sensitivity, a
satisfactory run time and no requirement for rotamaporation and Soxhlet apparatus.
Moreover, the new method saves on water requiredhi® cooling systems of both the
Soxhlet apparatus and the rotary evaporator. Toexefthe methanol-soaking-HPLC
method confirms its superiority over the traditibhaxane-Soxhlet-GC method. The new
developed method is suitable to apply to the reuéinalysis of potatoes treated with CIPC
and allows the analysis of 20 potato samples pgr Blieactically, a short analysis time is
desired for environmental samples due to the hugeber of samples to be analysed every
day.
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5.3.5.2 Summary of methanol-soaking-HPLC method

Procedure
The final method developed in this chapter for tegermination of CIPC residues in

potato samples is summarised below:

1. Potato tubers are washed and dried.

2. The weight of each tuber is recorded.

3. After peeling the potato with a stainless steelgreéhe weight of peel is taken.

4. The peel is chopped into fine pieces and mixedtaino a homogenous sample.

5. 5 g of chopped peel sample from the potato tuberighed into a 100 mL screw top
jar, then 40 mL of methanol containing the interstaindard of 10 pg/mL of propham

(IPC) is added as the extracting solution.

6. The samples are left soaking overnight (~ 16 houp@m temperature.

7. The extract is filtered and transferred into an BPWual through a 0.2 um PTFE
membrane syringe filter and analysed.

Chromatographic conditions

The chromatographic parameters for this methodamamarised as follows:

Column: Phenomen&(ODS-2 250 mm x 4.60 mm 5 pm Sphereclone)
« Guard column: Phenomerfée$ecurity Guard™

e Detector: SpectraSERIES UV100

« Wavelength detection: 210 nm

* Mobile phase: 62 % methanol

* Flow rate: 1.5 mL/min
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e Chromatographic run: 15 minutes.

+ CIPC retention time: ~12 minutes.

+ |PC retention time: ~ 6 minutes.

* 3-CA retention time: ~ 5 minutes

* Injection volume: 20 pL

Column temperature: 25°C

Calculation of the residue of CIPC

) _[Conc.in extract* Vol. of extract* Wt of totalpeel]

Conc. in tuber (mg/k
(mglkg [Wt of peelsampler Wt of potatotuber]
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5.3.5.3 Determination of 3-CA in commercial potatoe s samples treated

with CIPC

The new method was also tested for the extracticheoCIPC breakdown product 3-CA

from the same potato tubers used in the experime®ection 5.3.5.1.

The results obtained for the residue of 3-CA frdra hew method of methanol-soaking-

HPLC were compared with hexane-Soxhlet-GC analgseshown in Table 5:9.
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Table 5:9. Residues of 3-CA in 29 potatoes tuberst reated with CIPC and determined by the
two methods of methanol-soaking-HPLC and hexane-Sox  hlet-GC.

3-CA (mg/kg)

No. of tuber Methanol-soaking-
HPLC Hexane-Soxhlet-GC

1 0.06 0.05
2 0.10 0.09
3 0.11 0.08
4 0.18 0.12
5 0.18 0.08
6 0.07 0.11
7 0.06 0.12
8 0.10 0.12
9 0.08 0.08
10 ND* 0.14
11 0.11 0.22
12 ND 0.11
13 0.30 0.07
14 0.15 ND
15 0.33 0.12
16 0.18 0.06
17 0.34 0.08
18 0.06 ND
19 0.12 ND
20 0.10 ND
21 0.06 ND
22 ND ND

23 ND ND

24 ND 0.05
25 ND 0.07
26 0.07 0.08
27 0.06 0.04
28 0.13 ND
29 ND ND

Mean = SD 0.10+0.09 0.07 £0.06

ND*: not peak detected
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It is apparent from the table that very low concatndns of 3-CA were detected by the two
different analyses, with high variability betwedme ttubers. Additionally, some tubers
showed no detection of 3-CA residue since no pegleared in the area of the retention
time of 3-CA in both analyses. The residues ranfyjech 0.06 to 0.34 mg/kg for the

methanol-soaking-HPLC analysis whereas between &@40.22 mg/kg was detected by
the hexane-Soxhlet-GC method. The lowest concemisatreported are higher than the
limit of quantification (LOQ) for the methanol-saag-HPLC method (0.02 mg/kg as
described in Section 5.3.2). In contrast, the L&{ue for the hexane-Soxhlet-GC method
is not available since this method is validated/dal extraction and analysis of CIPC and
not for 3-CA.

Figure 5:9 shows the regression plot to evaluagectirrelation between the residues of 3-

CA by the two analytical methods.
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Figure 5:9. Shows the correlation between the resid  ue values of 3CA from potato samples
treated with CIPC and analysed by two methods of me  thanol-soaking-HPLC and hexane-
Soxhlet-GC.

This figure shows very poor correlation of the desis of 3-CA between the two methods
for each individual potato sample. That contrasith whe evaluation of the residue of
CIPC which showed a good correlation between therwethods on analysis of the same

potato tubers.

An interesting finding in this study was that déspihe low recovery for 3-CA, it was

actually identified in the potato peel extractaasnall peak in the HPLC chromatogram. It
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was assumed that this small residue level of 3-C€Adtatoes was of no concern, but the
unanticipated low recovery found in this study is@eworthy issue indicating that the
residue may be much higher. As the concentratiomdofor 3-CA represents less than
10% (recovery% at 1 pg/mL concentration level)haf &ctual amount present in the potato
sample, a residue of 0.3 mg/kg (e.g. as shown kT 9) could represent a concentration

of 3 mg/kg or more in the tuber.

5.4 Conclusion

A robust method based on a methanol-soaking ouetrregtraction (16 hours) coupled
with HPLC-UV was developed for the extraction aretedmination of the potato sprout
inhibitor CIPC in potatoes using IPC as the intestandard.

The limit of quantification was estimated to be1).0.05 and 0.02 mg/kg in whole tuber
for CIPC, IPC and 3-CA respectively. The efficienafythe new method was assessed
through a recovery study of spiking organic pota¢el at three concentration levels 0.8,
8.0 and 80 ug/g. The results demonstrated grdzaer&9% recoveries for both CIPC and
IPC whereas the recovery results for 3-CA were betwl0 and 23% at concentration
levels of 8.0 and 80 pg/g respectively. No 3-CA watected at the lowest concentration
studied (0.8 pg/g).Therefore, the new analyticalhme described thus far is only suitable
for CIPC and it is not fitting methodology for 3-CA

The new method was validated through comparisoh wistandard hexane-Soxhlet-GC
method. The proposed method showed results for C&3fdues that were approximately
23% higher than the hexane-Soxhlet-GC method. dfgrtihis increase was attributed to
using a rotary evaporator to concentrate the ext(&oxhlet-GC method), where
volatilisation may result in the loss of CIPC. Tpelarity of the solvents used is also

considered a possible explanation for the discrepbhetween the two methods.

The new method is easy to use, efficient, inexpensiapid and appropriate to determine
the residue of CIPC in 20 potato samples per dawever, this study has shown that
potentially high levels of 3-CA residues are présancommercial potatoes even though

the method described has a very low recovery fsrgharticular compound.

Therefore, considerable attention should be givenhe development of a method for
analysis for 3-CA. The work in the next chapted watus on finding a suitable method for

the extraction of this aromatic amine from potatoers.



Chapter 6: Extraction method for the determination

of 3-chloroaniline in potato samples

6.1 Introduction

Currently, there is a big consideration of the maxin residue level of CIPC which should
include its degradation product 3-CA in potatoesdeethere is a requirement to find a
suitable extraction method for both chemicals.He previous chapter, a simple method
with excellent extractability for CIPC from potatamples was developed using methanol
as the extractant, however, this method provedt@ la low recovery for 3-CA. This poor
extraction could affect the actual measurementshigrcompound in potato especially in
peel samples. This unexpected result of low regovexs thrown up many questions
regarding how 3-CA is held onto the potato peel smidsequently how to find a suitable
means to improve its extractability. Therefore tHer investigation is essential to answer

these questions.

3-CA is an aromatic amine, the quantitative deteation of this group of compounds

from different environmental matrices generallywhan analytical challenge associating
low extraction recoveries and difficult separatiachromatography due to the

physicochemical properties of volatility, polarityasicity and water solubility being high

(Oostdyk et al., 1993).

Several investigations have been reported on tieeofechloroaniline compounds in plants
(Still et al., 1981; Balba et al., 1977; Kaufmarakt 1976; Kaufman, 1976). Most of these
studies have encountered the problem of bound @xtractable residues of these
compounds. “Bound residues are compounds in daittg or animals which persist in the
matrix in the form of the parent substance or ietaholites after extraction. The extraction
method must not substantially change the compotimeimselves or the structure of the
matrix” (Fuhr et al., 1998; Barriuso et al., 200@lthough, these studies have not
attempted to counter the problem of bound residmelsexplain their nature or identity the
role of biological and environmental effects orsthinding, a few studies have pointed out
that chloroanilines were bound to plants througimiti which is a major binding site for
unextractable residues of these compounds (Langk, 1998; Still et al., 1981; Trenck et
al., 1981; Yih et al., 1968).
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Still et al., (1981) indicated that 3-CA and 3,4kdoroaniline may translocate in rice
plants and become covalently bonded to lignin witnenrice plant was treated with these
compounds. It was reported that more than 40% ef résidue of these compounds
remained in plant lignin. These results suggested the high reactivity of the free

aromatic amino group of 3-CA has a considerable mlthe incorporation into lignin.

Although the lack of the definition of a lignin sbture is due to the variation in the
structure of monomers the authors speculated tilataaniline may bind with the carbon
atoms in the monomer side chain or aromatic ringctitre through a covalent bonding, or
it may be trapped inside the cage of the lignincttire without chemical bonding.

Weber et al. (2001) reviewed that the rapid somptibthe aromatic amine on the sample
surface (soil and sediment) is reversible and camtbributed to electrostatic interaction,
hydrophobic partitioning and the formation of a #Hdhase (e.g., imines), while the slower
sorption is attributed to irreversible covalentdinyg.

Adrian et al. (1989) reviewed that in most casgmdion of the applied compounds in

plant and soil cannot be removed by exhaustiveesblextraction. They showed that the
substituted anilines in plant and in soil formed top95% of the bound residues under
various conditions. The formation of these boundid@es was not clear due to the
complex structure of the biological matrix. Adriat al. (1989) indicated that severe
extraction methods in some cases are unsuitabkubedhey can destroy the structure of
the samples and the identity of the nonextractabkdues. However, some gentle
extraction methods can be employed with some sscesesh as high temperature

distillation, supercritical fluid extraction and nojysis.

Additionally, 3-chloroaniline is subject to micrabidegradation by bacterial cultures
supplied with suitable additional carbon sourcesh wtmospheric oxygen being required
for the enzymatic reaction that initiates this @efgtive process (Janke et al., 1984; Ferschl
et al.,, 1991). However, it was presumed that norobial degradation of chloroanilines

will occur during a short incubation period (Sihteeaet al., 2010).

The pkK; of 3-chloroaniline is 3.52, indicating that thiasic compound will primarily be
present as the non ionic species in the environ{8RE€, 2011). Therefore, the possibility
of cation exchange or electrostatic interactiotthef protonated organic amine (Hwith

ions on the potato peel is not expected. Neverskel®on exchange of 3-CA will be
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investigated in this study in terms of pH effecttioé extracting solution on the recovery

improvement.

Extraction of 3-CA from potato peel is an importasgue which should be addressed,
therefore, the main aim of the work in this chapi@s a first step, concentrates on

improving the extraction recovery of 3-CA from potgdample through:

* Investigation of the effect of several factors ba extraction of 3-CA from potato
peel including potato variety, extracting solvemixtraction method, spiking
procedure, treatment of the potato sample befoilengpand spiking of different

parts of the potato tuber.

» Suggestion of possible hypotheses for the mechabnishinding of 3-CA to the

potato peel.

* Investigation of the suggested mechanisms with &ma of improving the

extractability of 3-CA.

» Optimising the extraction process through tempeeatind time factors.

» Assessing the suitability of a new extraction mdtba real potato samples treated
with CIPC.

» Studying the effect of fogging temperature andrthber of CIPC applications on
the residue levels of CIPC and 3-CA in potatoestée in potato stores.

6.2 Materials and Methods

6.2.1 Methods

6.2.1.1 Chemicals

3-Chloroaniline, propham, chlorpropham, chlorogeaitid, tyrosine, L-aspartic acid,
ascorbic acid, ammonium hydroxide solution, dicbioethane, sodium sulphate
anhydrous and lithium acetate were purchased fragm&Aldrich Chemi GmbH

(Germany). Hexane, formic acid, malonic acid, Laggine, glutamic acid, arginine and

sodium dithionite were purchased from BDH (UK). Gige was obtained from Fluka
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Chemical Company (Switzerland). Acetonitrile (HPlgade), methanol (HPLC grade),
chloroform, citric acid, sulphuric acid, sodium lganate, sodium hydroxide, sodium
chloride and ammonium acetate were supplied byeFiSkientific International Company

(UK). Caffeic acid was obtained from Lancaster (UWcetic acid was obtained from

VWR international (France). See Section 2.1.1 feppration of the standard solutions of
CIPC, IPC and 3-CA in methanol, ACN and hexane.

6.2.1.2 HPLC analysis

The HPLC system used is described in Section 2adthe chromatographic conditions
for the HPLC analysis method are summarised ini@e&4.3.4 with the exception being
that the mobile phase was reduced to 55% methahetenthe analysis did not involve
CIPC. The run time was 10 minutes and the retentiores of 3-CA and IPC were
approximately 6 and 8 minutes respectively. Whenguacid extractants, the run time was
increased to 15 minutes keeping the same concemntrégi5% methanol) for the mobile

phase.

6.2.1.3 Methanol soaking extraction

The same procedure for the soaking extraction ndeith@ection 5.2.1.4 was applied. The
weight of the peel sample and volumes of spiking #re extracting solutions in this
chapter were reduced to half keeping the samergpikvel (1 pg/mL) using 2.5 g of peel
sample, 100 pL of 200 pg/mL of 3-CA spiking solatiand a 1 hour spiking time. The
volume of methanol extractant was reduced to 20 ifhe extract was filtered and
transferred into HPLC vials through a 0.2 um PTFEflon) membrane syringe filter and
analysed. The standard solution was a mixed solutbbl pg/mL of 3-CA and IPC
prepared in methanol and injected in duplicate. &keaction procedure also involved
replicates of nonspiked peel as blank controls.

6.2.1.4 Soxhlet extraction

The Soxhlet extraction procedure described inged&i2.1.5 was applied. A 12.5 g sample
of chopped peel was placed into a Soxhlet thimblgaining 10 g of anhydrous sodium
sulphate and spiked with 500 pL of 200 pg/mL solutof 3-CA for 1 hour prior to
extraction with 150 mL of extracting solvent forf®urs. The extract was transferred into
a 100 mL volumetric flask and made up to volumehveiktracting solvent before analysis
by HPLC.
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6.2.1.5 Calculation of concentration and recovery

The concentration of 3-CA and CIPC was calculatdescribed in Sections 5.2.1.4 and
5.2.1.5 taking into account the changes in the neafjithe peel sample (2.5 g) and volume

of extracting solvent (20 mL) in the case of thalsng extraction method.

The recovery of 3-CA was calculated according thegi

_[Concin extract(ug/mL)]

3-CA recovery% -
[Conc.in Std(pg/mL)]

Or (in the absence of internal standard in theagxant)

_[PAinsamplg ,
[PAin Std]

100

3-CA recovery%
Note:
PA: peak area

Std: standard solution

Conc.: concentration

6.2.2 Influence of potato variety on the extraction 3-chloroaniline

This experiment was conducted to examine the eidracecovery of 3-CA from different
organic potatoes varieties (Maris Peer, Valor, Gnal Sante) purchased from a local
supermarket. Five replicates of chopped peel di @adety were spiked with a solution of
3-CA prepared in methanol and left 1 hour. The eppieel was extracted by the soaking
method with methanol containing the internal stadad IPC (see Section 6.2.1.3).

6.2.3 Influence of solvent on the extraction 3-chlo roaniline

The recovery of 3-CA was examined using differertraeting solvents (acetonitrile,
methanol, formic acid, dichloromethane and hexapedato peel was spiked with different
spiking solutions of 3-CA prepared in different \amits (acetonitrile, methanol, water,
hexane and hexane with }0;). The extraction methods involved soaking and $xixh
(see Sections 6.2.1.3 and 6.2.1.4). With Soxhletetion, the extraction time was 3 hours
with the exception of formic acid where a 7 houtrastion time was applied due to its
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high boiling point (100 — 101 °C) and therefore dweenore time to reflux the solvent
within the Soxhlet apparatus. The standard soluttes prepared in the same spiking and
extracting solutions but in some cases just in amth (during using formic acid,
dichloromethane and MN&O, hexane to avoid any deterioration of the colunif)e
experiments were undertaken using five replicatesspiked peel in addition to another

five replicates without spike to be used as thelblzontrol.

6.2.4 Influence of extraction method on 3-chloroani line recovery

Different extraction methods were applied to ext@&€A from spiked peel samples (n =
5) using methanol as the extractant. With the etxaef the Soxhlet extraction, the same
ratio of chopped peel sample, spiking solution arttacting solution were used for all

extraction methods. These extraction methods irdud

Soaking: overnight soaking extraction (~ 16 hoatsgmbient temperature.
Sonication: extraction for 30 minutes in a sonmatpath at 50 °C.
Heating: extraction for 45 minutes in a water kb0 °C.

Stirring: stirring thoroughly on a magnetic stirfer 1 hour.

Soxhlet extraction for 3 hours in Soxhlet apparatus.

6.2.5 Influence of spiking time on the extraction o f 3-chloroaniline
from potato peel

In order to ascertain if the spiking time had ampact on the recovery measurements, a
simple experiment was performed. The experimentlirad spiking chopped peel (n = 5)
with a methanol solution of 3-CA, then allowingatstand for different lengths of time (O,

2 — 3, 5 and 60 minutes) prior to the overnighkswgaextraction.

6.2.6 Influence of spiking solvent on the extractio n 3-CA

This experiment was conducted to examine the spi&aivent used on extraction of 3-CA.
Different solvents (water, methanol, chloroform adithloromethane) were used to
prepare spiking solutions of 3-CA at the same commagon level of 200 pug/mL. These

solutions were used to spike chopped peel applyireg overnight soaking extraction
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process as described in Section 6.2.1.3. Fivecatpk of each of spiked and nonspiked

peel were prepared for this experiment.

6.2.7 Extraction of 3-chloroaniline from spiked pot  ato samples

The recovery of 3-CA from spiking treated potatmpées and from different parts of the
tuber was investigated. A series of experimentsewamducted involving spiking the
potato samples with a methanol solution of 3-CAlofwing by overnight soaking
extraction using a solution of IPC in methanol (S=xtion 6.2.1.3). Each experiment
included five replicates of each of spiked and pdresd samples. The potato samples
tested were:

Fresh peel: fresh chopped peel.
Dried peel: 1 g of chopped peel dried in an oveh0ét °C overnight.

Dried peel rewetted: 1 g of the dried chopped pesd rewetted with 2 mL of deionised

water and mixed for 2 minutes.

Peel treated with chloroform: Small and uniformesizpotato tubers were treated by
dipping them into a 500 mL beaker containing chiomm at room temperature for five
minutes and immediately thereafter swirled in aosecbeaker of chloroform for another
five minutes, allowing for the removal of all thexwfrom the skin. The potato tubers were
placed in a fume hood overnight to evaporate tHeroform. The next day, 2.5 g of the

chopped peel was spiked.

Peel treated with methanol: wet chopped peel weetdd with methanol through Soxhlet

extraction for 3 hours.

Brown surface side of peel: pieces of peel wer&espidirectly onto the outer (brown)

surface of the peel.

White surface of peel: pieces of peel were spikeetty onto the white surface side of the

peel.
Skin: the outer layer of the tuber obtained by peeVery thinly (see Figure 6:1).

Cortex: the layer between the skin and the vascingr(see Figure 6:1).
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Pith: the translucent part in the centre of theafm(see Figure 6:1).

BUD or ‘ROSE" END

Cortex Evyes or buds

Periderm
or skin
Vascular ring

\ Quter medulla

' STEM or ‘HEEL’ END

Inner
medulla or pith

Figure 6:1. Cross section of the internal structure of a potato tuber ( Woolfe, 1987).

6.2.8 Investigation of 3-CA volatilisation losses d  uring spiking

6.2.8.1 Using empty jars without peel

An experiment was performed by measuring the ragook3-CA at two spiking levels of
2 ug (100 pL of 20 pg/mL) and 20 pg (100 pL of 2@PmL) using the same spiking and
soaking extraction procedures and two solventsih{ametl and acetonitrile) without potato
peel. A spiking solution of 3-CA was added to armpgnscrew cap jar with lids (n = 5),
after 1 hour, 20 mL of extracting solution was atlde the spiking solution and left

overnight.

6.2.8.2 Use of Tenax traps in collection system

Another experiment was carried out to investigate gossibility of volatilisation of 3-CA
from the spiked peel using Tenax traps. The Tersgxdample used in this experiment was
a 105 mm long borosilicate glass tube with a 3 miernal diameter and packed with
Tenax GC resin as described in Section 2.1.10. Temax traps were connected through
two silicone rubber tubes to the top and bottona glass flask (5 L) as shown in Figure
6:2. The first Tenax trap was connected to thet inlbe in the bottom of the flask and to
the air cylinder (BOC Glasgow Ltd.) to ensure thewes no 3-CA in the air supply. The
second Tenax trap was used to collect any 3-CAwapmeased. This trap was connected
to the outlet in the top of the flask which contd25 g of chopped peel spiked with 1 mL
of 100 pg/mL methanol solution of 3-CA. The flaslkksvcomposed of two parts which
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were fixed using three spring clamps and Tefloggito prevent any air leaking from the
collection system. The system was left for 24 hanirthe incubator at a temperature of 20
°C and an airflow rate of 20 mL/min (controlled ®pap Bubble Flowmeters). These
extreme conditions were used to allow complete erapn of 3-CA at a constant
temperature of 20 °C and to keep the system cldisesl avoiding any contamination
effect. The Tenax traps were then eluted with 10 oflacetonitrile and the solution
analysed by HPLC.

ECollecting 3-CATenaxTrap —0u «
i gl

© &—— Air supplyfrom a

Figure 6:2. The collection s ystem for 3-CA from spiked potato peel.

6.2.9 Investigation of the loss of 3-CA by reaction with different

potato chemical components

6.2.9.1 Reaction with glucose

This trial was conducted spiking different weiglofsglucose (mixed with 1 mL water)
with 100 pL of a 200 pg/mL solution of 3-CA for bur prior to overnight soaking and
extracting with 20 mL of methanol solution contaigil pg/mL IPC. The experiment also

included spiking 1 g from glucose in absence ofewat
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6.2.9.2 Reaction with other potato chemical compone  nts

This part of the work involved a series of expemtseexamining the recovery of 3-CA by
spiking with different chemicals present in potatomposition namely: chlorogenic acid,
caffeic acid, asparagine, citric acid, asparticagiutamic acid, arginine, tyrosine, malonic
acid and ascorbic acid. Aqueous solutions of 10@nlgf each compound were prepared.
200 pL of each solution was mixed separately with gL of 100 pg/mL of aqueous 3-CA

solution and left for 1 hour prior to extractiontvO0 mL of methanol overnight.

6.2.10 Investigation of the loss of 3-CA due to enz  ymatic activity

6.2.10.1 Effect of spiking time on the recovery of 3-CA from potato
juice

To investigate the effect of the enzymatic actiaty the extraction of 3-CA from potato
samples, the effect of spiking time on the recovefy3-CA from potato juice was
investigated. Three potato tubers (~ 250 g) wereandtblended using a household food
processor to produce a homogenised potato juicehwvias filtered by vacuum using
Whatman filter paper No. 54. 2 mL of the filteradcg was spiked with 100 puL of 200
png/mL of 3-CA spiking solution and left for a rangkdifferent time periods (0, 2, 5, 10,
20, 30 and 60 minutes) prior to overnight soakimgaetion with 18 mL of methanol
solution containing 1 pg/mL IPC. Two different 3-Gfaiking solutions were prepared in

each of methanol and water. A control blank wapared from the nonspiked potato juice.

6.2.10.2 Preventing the enzymatic reaction in the p  otato juice

An experiment was designed to study the inhibitsbrihe enzymatic oxidation in potato
juice and its effect on the extraction of 3-CA. 49®f whole potato (Cosmos organic)
were blended. After filtration with a Whatman filtpaper No. 54, the juice was divided
into four parts. 1 g of the reducing agents soddithionite and ascorbic acid were added
to two 50 mL portions of juice and left to stand fib minutes. Another 50 mL of juice
was placed into a 100 mL screw jar without a lid anmersed in a water bath at 90 °C for
10 — 15 minutes and finally left to cool. The rendsr of the juice was left without
treatment as a control. All the treated juices #mal control were refiltered by vacuum
filtration using GF/C membrane filter paper. Afféiration, 2 mL from each juice (n = 3)
was taken and spiked with 100 pL of 200 pg/mL sofubf 3-CA in methanol for 1 hour.
This was followed by the extraction process wheeriL of a 1 pg/mL IPC solution in
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methanol was added as the extractant and left ¥@rnoght soaking. In each case,

triplicates of blank controls of nonspiked juiceres@repared.

6.2.10.3 Preventing the enzymatic reaction in potat o peel

To examine the role of enzymatic oxidation inhistmn the extraction of 3-CA from

potato peel, spiking solutions of 100 pg/mL of 3-@kre prepared in each of ascorbic
acid solutions (1, 5, 10 and 15 %), citric acidusiohs (1, 5, 10 and 15 %), a combination
of ascorbic acid and citric acid (10% and 15% respely), 1 M sulphuric acid and

deionised water as a control. After spiking choppeeél with 200 uL of each of these
solutions, the overnight soaking extraction metlasddescribed in Section 6.2.1.3 was
followed (five replicates were included in eachea3he Osprey potato variety (untreated

with CIPC) was used in this experiment.

6.2.11 Investigation of pH effect and ion exchange on extraction
of 3-CA from the potato peel

In order to enhance the extraction of 3-CA, expental trials were carried out using
extracting solutions of acid, base and salt mdtereluding 0.25 M sodium hydroxide,

0.3 M ammonia, 1 M sodium carbonate, 0.4 M lithiaoetate, 0.3 M ammonium acetate,
different concentrations (0.1, 0.9 and 1.8 M) afoghl acetic acid and 1 M sulphuric acid.
These materials were added into the extractanth@net) containing an internal standard
with the exception of sodium hydroxide and sodiuanbonate (which were prepared in
water). Chopped peel (n = 5) was spiked with a 3gdAition in methanol whereas the
spiking solution of 3-CA in water was used in tlese of sodium hydroxide and sodium
carbonate, then followed by overnight extractisee( Section 6.2.1.3). The pH of the
extract was adjusted (pH ~ 2 — 8) using 0.5 M aiilaOH and concentrated acetic acid
(17.5 M). Several organic potato varieties wereduieethis work, namely Carling, Osprey,

Nicola and Sante.

6.2.12 Influence of acidity on the extraction of 3- CA

6.2.12.1 Influence of acidity on chromatographic se  paration

This part of the research involved studying theeffof acidity on the chromatographic
separation of 3-CA by analysing standard solutiohsl pg/mL of 3-CA and IPC in
methanol containing different concentrations oftiacacid (0, 0.5, 2.5, 5 and 10%).

Additionally, a standard solution of 1 pg/mL of ZCand IPC was prepared in an
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extracting solution of 1 M 8O, in 50% methanol at ambient temperature (which was
used to extract the spiked and nonspiked peel)§seton 6.2.12.2). These solutions were
analysed after adjusting the pH (~ 2 — 8) with 0.5 & NaOH.

6.2.12.2 Extraction of 3-CA using sulphuric acid in different

percentages of methanol

Sulphuric acid as a strong acid combined with mathevas used to extract 3-CA from the
spiked potato peel. 1 M of this acid in differeergentages of methanol (0, 10, 25, 50, 75,
90 and 100%) was prepared. 20 mL of each concemtratas used to extract the chopped
peel (n = 5) after spiking with a water solution 8CA. 2 mL of the extract was
neutralised with a suitable volume of 1 M NaOH amade up to 5 mL with methanol prior
to transfer into an HPLC vial for analysis. Thenstard solution was prepared from the
same spiking and extracting solutions and neugdlisith 1 M NaOH. This experiment
used two varieties of potato: Nicola and Maris Peer

6.2.12.3 Influence of temperature on the extraction  of 3-CA

To assess the influence of temperature on theatixtnarecovery of 3-CA from spiked peel
using 1 M sulphuric acid in 50% methanol, a ranfjeemperatures (ambient, 22, 50 and
70 °C) were tested. This experiment involved using spiking solutions of 3-CA
prepared in each of methanol and water. The proeentuSection 6.2.1.3 was applied
using 1 M sulphuric acid in 50% methanol as theastant and replicates were sustained
at each of the temperatures for a period of 16 s108H analyses were performed in
triplicate as was the nonspiked peel (control bjafke pH of the extract was adjusted as

above prior to analysis.

6.2.12.4 Influence of extraction time on the extrac  tion of 3-CA

To establish the optimal time for extraction of B;Can experiment was conducted to
determine the effect of extraction time on thedjief 3-CA extracted from potato peel (n =
3) spiked with methanol solution of 3-CA and exteaicusing 1 M sulphuric acid in 50%

methanol solution containing 2 ug/mL IPC. The regiles were kept in the incubator at 50
°C for a range of different time periods (2, 6, 18,and 24 hours). Prior to analysis by
HPLC, the pH of the extract was adjusted with 1 BIO¥. Three replicates of nonspiked
peel as control blank were also prepared. The @spmeety of potato was used for this

experiment.
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6.2.12.5 Influence of acidity on the degradation of  CIPC

The degradation of CIPC by acid hydrolysis undex #xperimental conditions of the
extraction was investigated. A simple experimens warried out by preparing a solution
of 10 pug/mL CIPC using the same extracting solutimrture of 1 M sulphuric acid in

50% methanol (containing 10 pg/mL IPC). This saatiwas kept at the extraction
temperature of 50 °C for 24 hours. The chromatogearalysis of this solution was
compared with a mixed standard solution of 10 pgohB-CA, IPC and CIPC prepared in

a mixture of 1 M sulphuric acid in 50% methanocaatbient temperature.

6.2.13 Application of the proposed method forthe d  etermination
of the residues of 3-CA and CIPC in stored potatot  ubers
treated with CIPC

The new extraction method (see Section 6.3.14)guaimixture of 1 M HSQO, in 50%
methanol at 50 °C for 24 hours was tested on 2&@es tubers treated with CIPC from a
commercial potato store to determine the residdeboth CIPC and 3-CA. The new
method was then compared with the existing metloocextraction of CIPC described in
Chapter five (summarised in Section 5.3.5.2) andadiition, the new method was
performed under ambient temperature conditions. arraysis was performed using two
HPLC systems namely the autosampler SpectraSERNME®W (system employed for the
new extraction method) and the Hitachi DAD HPLCdkeck the purity of the peaks).

6.2.14 Effect of fogging temperature and the number of CIPC
applications on the residue levels of 3-CA and CIPC in
stored potatoes

The new extraction method (see Section 6.3.14) wgasl to investigate the effect of
fogging temperature and the number of CIPC apptinaton the residue levels of 3-CA
and CIPC in potato samples taken from two UK conumérstores at the start of the
storage season 2010 — 2011. These potatoes hadtrieated once and the application
details for these stores are summarised in Taldlel&ter, further samples from store 2

were analysed after a second application of CIPC.
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Table 6:1. Application information for the potato s tores that supplied the potato samples.

Store Type  Fogging temperature Application rate
Store 1 Bulk 450 °C 14 g/tonne
Store 2 Box 270°C 12 g/tonne

6.3 Results and discussion

As recent demand from the EU in 2009, was thateselues of the potato sprout inhibitor
CIPC and its metabolite 3-CA in potato tubers stida¢ monitored in terms of a MRL of
CIPC which must include both of CIPC and 3-CA. Tisian important issue for human
consumption and therefore the potato industry ashale. Therefore, it is essential to
develop and validate an analytical method for threukaneous determination of the
residue levels of both CIPC and 3-CA in potato dasipFor this purpose, the previous
work in Chapter five involved developing a new nueththat utilised a simple and
economical extraction procedure with high sengitidased on methanol-soaking for at
least 16 hours before being analysed on an HPLC-BANhough a high extraction
efficiency of CIPC was achieved from the potato glas, this method obtained a very low
recovery for 3-CA of less than 10% at spiking le8qhg/kg of potato peel. As it is polar
and has a high water solubility, there was no conder the adsorption of 3-CA onto
laboratory glassware. The non-adsorption of 3-CAatroratory glassware was proved in
previous work (see Section 4.3.2.5). Therefore, tb@ recovery represents low
extractability from the potato tissue. So, consatdy more investigation was required to
enhance the extraction efficiency of 3-CA from potsamples and establish an optimised
extraction method with acceptable recovery. Thekworthis chapter set out to focus on
this problem.

6.3.1 Influence of potato variety on the extraction 3-chloroaniline

In the UK, there are more than 80 commercial viasebf potato grown under different

environmental conditions and requirements in varipuoduction areas. These varieties
have different characteristics including tuber shapternal structure, moisture, texture,
nutrient content and skin which vary in their calamd composition (Seefeldt et al., 2011;
Ortiz-Medina et al., 2009).

In order to investigate the role of the potato e®rion the extraction of 3-CA from spiked
peel, four varieties of organic potatoes (MarisrP&alor, Orla and Sante) were used.

These potatoes had not received any pesticidecapipin. All four varieties have a smooth



Nidhal M. Sher Mohammed 2012 Ch 6/ 209

and cream to light yellow colour skin with crearash. Peel samples from these varieties
were spiked with 3-CA and extracted using the mathagolution (see Section 6.2.1.3).
Table 6:2 presents the recovery results obtainetHRLC analysis of the extract of 3-CA

from the spiked peel using the existing CIPC extoacmethod in Chapter five.

Table 6:2. The recoveries of 3-CA from the spiked p eel of different potato varieties at a
concentration of 1 pg/mL.

Variety Recovery % RSD% (n =5) Tukey test
Maris Peer 5 9.8 a*
Valor 8 13.0 b
Orla 9 8.9 b
Sante 10 5.6 c

a*: Different letters refer to a signifi¢ahfference (p < 0.05) using Tukey HSD

It is apparent from Table 6:2 that very low recoeenf 3-CA € 10%) were obtained for
the extraction of the spiked peel for all four eties of potato. The differences between
the means of the recoveries for 3-CA were examusialg analysis of variance (ANOVA)
with a Tukey HSD test. This test showed a signifiadifference (p < 0.05) among all the
varieties with exception of between Valor and Qvlach were the same.

Overall, although the recovery varied between theseeties the results of this

investigation showed generally very low extractienovery for 3-CA.

6.3.2 Influence of solvent on the extraction 3-chlo roaniline

Extraction of organic compounds from environmers@nples using solvents is affected
by several factors. Selection of the appropriatees is the most important factor in being
able to extract the target compound from the samma&ix. The solvent selected depends
on the nature of the compound and the sample reatiiom which the target compound of
interest is being extracted. In particular, thevent used should have a polarity similar to
the target compound in order to control its soltpilGenerally, for the extraction of
aromatic amines, polar organic solvents are moitalda than non-polar. However, in a
few cases some interferences may be encounteredtoddilee co-extraction of other
compounds from the sample which can cause chromegbig problems and difficulties in
distinguishing the target compound (Zhu et al.,200azdi and Es’'haghi, 2005).
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In order to investigate the role of the solventtba extraction efficiency of 3-CA from
spiked potato peel samples, several organic sawsate examined by applying both the
soaking and Soxhlet extraction methods. The eftdcthe solvent used as a spiking
solution on the extraction was also tested usingua solvents. The extraction efficiency
was calculated as percent recovery following anslgé the extract of the spiked peel as
shown in Table 6:3.

Table 6:3. The recovery of 3-CA and RSD% values for  spiked potato peel using different

spiking and extracting solvents at a concentration of 1 pg/mL.
Spiking Extracting Extraction = Recovery% RSD%
solvent solvent method (n=5)
Acetonitrile Acetonitrile Soaking 11 7.8
Methanol Methanol Soaking 10 20.8
Water Methanol Soaking 29 5.7
Water Methanol Soxhlet 34 15.5
Water Formic acid Soxhlet 31 9.1
Water Dichloromethane Soxhlet ND* -
Hexane Hexane Soxhlet 23 25.3
Hexane/ N&SO, Hexane Soxhlet ND -

ND*: No peak detected

These data are quite revealing in several waystl¥;iall the solvents used to extract 3-CA
yielded low recoveries for 3-CA. However, it is appnt from the table that spiking
solvent had an impact on the recovery value (thiisoe discussed in detail later in Section
6.3.5). Spiking the peel with a water solution e€A yielded recoveries that were a little
higher than those obtained for spiking with orgamsclvents (with exception of
dichloromethane). It may be that the 3-CA dissolwvedn organic solvent penetrates more
deeply into the potato peel than when dissolvedvater and therefore the subsequent
extraction is more difficult. Secondly, when usiagdium sulphate with hexane in the
spiking procedure there was no peak for 3-CA, wéengsing hexane alone, the recovery
was 23%. This might be due to the evaporation 63during grinding of the spiked peel
with NaSQ, in the uncovered mortar, which was left for 1 hquior to the Soxhlet
extraction. It was thought that removing the wdtem the spiked potato peel using a
drying agent (sodium sulphate) would improve thewvery, however, the results show the
opposite. Taking these two findings together, thi&kisg method had an effect on the
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extraction of 3-CA. Thirdly, the polarity of thelgent plays also an important role in the
extraction. Results of the Soxhlet extraction shwwgenilar recoveries with methanol
(34%) and formic acid (31%) whereas no peak forA3vias detected in the extract using
the less polar solvent dichloromethane. The imribty of dichloromethane with the
aqueous spiking solution of 3-CA could have anafte the extraction. Lastly, in spite of
using different extraction procedures, no big défece was found between soaking (29%)
and Soxhlet extraction (34%) when using the saniengpsolvent of water and extracting

solvent of methanol.

The main finding to emerge from this investigatisnthat none of the organic solvents
used gave satisfactory extraction of 3-CA from pwato peel. However, there are a
number of important factors that may have an effecthe extraction recovery which need
to be investigated such as the extraction methusl,pblarity of the extractant, spiking
procedure and interaction of 3-CA with the potample.

6.3.3 Influence of extraction method on 3-chloroani line recovery

The extraction of organic compounds from environtaematrices is most commonly

performed using traditional liquid-solid extractiorethods. The most simple and common
of these methods range from soaking in solvenhosé that require heating like Soxhlet
extraction and those which use agitation, i.e. stgpkr sonication bath (Dean, 1998). The
extraction time for these methods varies from mesuip to 24 hours. To accelerate the
extraction process, high temperature and high pressf the extractant can be utilised
such as is done with both pressurised liquid etitiac(PLE) and supercritical fluid

extraction (SFE) (Morales-Munoz et al., 2003). Auihally, energy sources such as
shaking or ultrasounds can accelerate sample éwimadJsing ultrasonic treatment can
generate extreme temperatures and pressures ssltaofecollapsed gas bubbles that lead
to enhanced chemical reactivity and rapid extractitlua and Hoffmann, 1997).

Mechanical shaking is used to facilitate and aceétethe extraction when the analyte is

very soluble in the extraction solvent and the deammtrix is finely ground material.

The aim of this part of the work was to evaluate éxtraction efficiency of 3-CA from
spiked peel samples using different extraction wagh Five extraction methods using
methanol as the extractant were applied includmakimg overnight, sonication, heating,
stirring and Soxhlet extraction. These extractioethnds were selected because they are
commonly used methods in the University of Glasd@woratory to extract CIPC residues

from potato samples.
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Table 6:4 shows the experimental recoveries olbdafnen the analysis of the extracts

obtained from all five extraction methods tested.

Table 6:4. Recoveries, RSD% values and statistical analysis for 3-CA extraction using
different extraction methods.

Extraction method Recovery % RSD% (n=5) Tukey test
Soaking (~ 16 hr at ambient temp) 10 23.1 a*
Sonication (30 min at 50 °C) 13 16.5 a
Heating (45 min at 50 °C) 14 9.9 a
Stirring (1 hour at ambient temp) 11 46.3 a
Soxhlet ( 3 hours) 11 11.9 a

a* : Same letters refer to non-significant diéfiece (p > 0.05) Tukey HSD

Despite the differences in the procedure and theaeton time of these five methods in
addition to the possible effects of many factorshsas temperature, stirring and heating,
the recoveries in Table 6:4 show similar poor etiom for 3-CA. It is also apparent from
the ANOVA (one-way) Tukey test results that theseowery results were not statistically
different (p > 0.05). This experiment provides sgevidence that the low recovery of 3-
CA from spiked peel is not due to the extractioncgdures and the reason for this is not
clear but it may have something to do with spikipgpcedure and the subsequent

interaction between 3-CA and potato peel constigien

6.3.4 Influence of spiking time on the extraction o f 3-chloroaniline
from potato peel

In order to study the effect of the spiking timetbe extraction of 3-CA, chopped peel (n
= 5) was spiked with a methanol solution of 3-CAl deft to stand for different periods of
time (0, 2 — 3, 5 and 60 minutes) prior to extkactifollowed by 16 hours soaking in
methanol (see Section 6.2.1.3). It can be seen Figre 6:3 that there is a clear trend of
decreasing recovery of 3-CA with increasing timecofitact between the spiking solution

and the potato peel sample prior to extraction.
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Figure 6:3. The effect of the spiking time onther  ecovery of 3-CA from potato peel.

In this figure, the highest recovery value was migtd at spiking time zero minute when
both 3-CA solution and the extractant were addedibaneously to the potato peel (i.e. no
standing time after addition of the spike). Thisamtethere was no direct contact of 3-CA
with the peel before the extractant was added. fOui¢s polarity, 3-CA remains in the
polar solvent methanol more easily than penetraitig the potato peel (and therefore
reduces the loss of 3-CA). In contrast, the remgimecovery values shown in Figure 6:3
decrease because the spiking solution of 3-CA wdsa firstly in a small volume of high
concentration (100 pL 200 pg/mL) to the peel ancosdly, it was left to stand for
selected time period prior to addition of the ect@at, this meant there was greater
opportunity for the 3-CA to penetrate deeper thipotato peel.

Overall, it can be concluded that the longer tieetibbetween addition of the spike and

addition of the extractant, the more difficult @dmmes to extract 3-CA from the peel.

In reviewing the literature, some experiments wepaducted to examine the effect of
spiking time on the recovery of certain aromatic iresa (4-chloro-o-toluidine, 2-
naphthylamine, 4-aminobiphenyl and benzidine) fréinger-paints using supercritical
fluid extraction (SFE) (Garrigos et al., 2000).this study, samples were spiked with the
aromatic amines and stored for between 2 — 24 haws to extraction with methanol. It
was observed that the recovery decreased fromirtiee zero experiment to the 2 hour
experiment and a further decrease in recovery aasd with the 24 hour experiment. The

authors speculated that this was due to the adsorpt the aromatic amine into the paint
matrix.
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6.3.5 Influence of spiking solvent on the extractio  n 3-CA

This experiment was conducted to investigate tliecefof the spiking solution on the

extraction of 3-CA from spiked peel. Solutions e€3 were prepared in different solvents
with which to spike the potato peel prior to extiae. Again, the samples were left to soak
in a methanol solution for 16 hours. The recovesuits obtained from the HPLC analysis

of the extract are shown in Table 6:5

Table 6:5. Recoveries of 3-CA from spiked peel usin g different spiking solvents and a
concentration of 1 pg/mL.

Spiking solvent Recovery % RSD% (n =5) Tukey test
Water 29 5.7 a*
Methanol 10 20.8 b
Chloroform 16 16.3 c
Dichloromethane 6 12.2 b

*Different letters refer to a significant differem¢p < 0.05) Tukey HSD

As can be seen from the table all the solvents ts@depare the spiking solution of 3-CA
resulted in poor extraction from the spiked pesing the same extractant methanol. The
differences between the means of the recoverieg vemted using analysis of variance
(ANOVA) with a Tukey HSD test. The results showeghgdicant differences (p < 0.05)
between these solvents, with the highest recovbtgimed where water was used for the
spiking solution. No difference was found betweeetlmanol and dichloromethane, with

both extracting a similar amount of 3-CA.

As mentioned before in Section 6.3.2, a highervvegpwas produced when using water
solution of 3-CA spiking; this could be related ttee high polarity of water and its
incompatibility with the hydrophobic nature of ptatgoeel, relative to the other solvents

such as dichloromethane (which is the least pal#nis group of solvents).

6.3.6 Extraction of 3-chloroaniline from spiked pot  ato samples

A series of experiments were carried out to exartheeextraction of 3-CA with methanol
soaking from spiking fresh peel, treated potatd pamples and different parts of the tuber
with a methanol solution of 3-CA (as described ettin 6.2.1.3). The recovery results

are presented in Table 6:6.
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Table 6:6. Recoveries of 3-CA from spiking differen  t potato samples at concentration of 1
pg/mL.

Spiking materials Recovery % RSD% (n =5)
Fresh peel 10 175
Dried peel 86 6.3
Dried peel rewetted 36 3.3
Peel treated with chloroform 6 7.8
Peel treated with methanol 86 2.3
Brown surface of peel (periderm) 26 19.0
White surface of peel (cortex) 20 22.4
Skin 4 13.6
Cortex 20 17.1
Pith 49 7.5

The most striking result to emerge from this tabléhat the recovery of 3-CA from these
different potato samples varied from between 4 6&o8thus giving poor to acceptable
extraction recoveries despite using the identigakisg concentration and extraction
procedure. These differences may be due to diffdoerding strength of 3-CA on the

surfaces of these potato samples.

Potato peel like many fruits and vegetables costauater; the percentage of water is
approximately 90% (see Section 2.1.9). Assessnfeheaole of drying potato peel on the
recovery of 3-CA by drying in an oven overnightl®t0 °C gave high recovery results
(86%) with a good RSD% compared with the low recgwebtained when spiking fresh
peel (10%). However, spiking the dried peel afeawetting with deionised water showed
less recovery (36%) than for extraction of the edikiry peel but this was more than 3
time the recovery obtained with the fresh peelnktbese results it can be concluded that
the presence of water in the peel before additioth® spike is an extremely important

factor in the mechanism that reduces 3-CA extraldiab

Another consideration to be taken into account naigg the composition of the peel that
may have an effect on the extraction of 3-CA isttpatato peel contains several
compounds, such as polyphenols and carotenoidsW@dhahy and Rao, 2009).
Approximately 50% of phenolic compounds are locatethe potato peel and adjoining
layers and their concentration decreases from tber tayers toward the centre of the flesh

(Friedman, 1997). Therefore, an experiment was ected by treating the peel with
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methanol, using Soxhlet refluxing for ~ 3 hours,ilue solvent in the extractor became
clear in an attempt to extract these phenolic camgs from potato peel. Methanol was
used in order to avoid incompatibility as all spii extracting and standard solutions were
dissolved in methanol. Methanol and ethanol weumdoto be the best organic solvents to
extract phenolic compounds from plant materials tueheir high polarity and good
dissolution power for these compounds (Mohdalyl.e2810). The recovery from spiking
the treated peel with methanol showed high reco@®96). This finding was unexpected
and suggests that loss of some substrates or réwiowater from the treated peel through
Soxhlet extraction considerably increases the etebality of 3-CA.

It was thought that the waxes associated with ttatp peel might also be responsible for
the low extractability of 3-CA. These layers of weonsist of many components, such as
hydrocarbons, wax esters, free fatty acids, frety falcohols and other unknown
compounds (Espelie et al., 1980). Wax layers areeelaled in an extracellular matrix and
can be removed by dipping in an organic solverg llenzene or chloroform for a short
period of time (Kolattukudy, 1965). Therefore, dtempt was made to remove the entire
wax layer by dipping the potato tuber in chlorofotdowever, in this study, extraction of
the wax from the potato tuber peel did not enhamdeprove the recovery of 3-CA (6%).
It should be noted that chloroform can remove tlax fWwvom the peel but is not able to
withdraw moisture which might have had an adverf$eceon the extraction 3-CA as
mentioned above. Removing the wax from the peel steeng evidence that the wax
composition has no effect on the binding of 3-CAhe potato peel surface.

Potato tubers are composed of five main physiolilyidistinct tissues (see Figure 6:1),
namely the skin or periderm (the coloured outeetayf a potato tuber), the cortex (the
area between the skin and vascular ring), the Vasdng, the outer medulla and the inner
medulla (pith) which is the more translucent andtevepart in the centre of the potato
tuber (Woolfe, 1987). The percentage contributiohthese layers are considerably varied
of the whole tuber, due to difficulties of defininpe boundaries precisely and to
differences between potato tubers. The dry matbenponents such as carbohydrates,
soluble protein, antioxidants, vitamins and mingrate not evenly distributed in potato
tuber tissues (Ortiz-Medina et al., 2009; Li ef 2006; Shepherd et al., 2007; Thomas and
Delincee, 1979). For example, the concentrations ghfcoalkaloids and phenolic
compounds in the skin are higher than in otherrlapé the potato such as the cortex and
the pith (Ponnampalam and Mondy, 1983; Shepheat,62007). When a potato is peeled,
even very thinly, the resulting peel has two ddtisurfaces the periderm (brown surface)
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and the cortex (white surface). As can be seen frabie 6:6, spiking the two surfaces led
to little difference in 3-CA recovery. The peel éaymay be thin enough to allow the
methanol spiking solution to penetrate from eitearface. However, when samples of
skin, cortex and pith were tested the recovery-QfA3showed a clear trend of increasing
recovery; 4%, 20% and 49% respectively. It seenssipte that these different recovery

results are due to the difference in the compaosiifthese layers within the potato tuber.

In summary, all the attempts above showed penetratf 3-CA into the potato samples
depending on the nature of the peel (fresh, driexted with solvent), the component
layers of the potato, spiking solvent and spikinget At this stage, any mechanism needs
to be interpreted with caution but there is stremglence that the presence of water in the
peel is important. Possibly as the medium in whiod mechanism occurs. Mechanisms
hypothesised to explain the fate of 3-CA and itsssguent poor extraction from spiked

peel include:

1. Volatilisation
3-Chloroaniline has a high vapour pressure. Loss3@lA during spiking due to

volatilisation seems unlikely in a sealed systeawdwer it will be tested.

2. Chemical reaction with potato components
Decomposition of 3-CA may occur due to chemicattiea with components in the potato.
As a Lewis base and in the presence of water,iedygeaction of the aromatic amine can be
a nucleophilic addition with a carbonyl group prase potato skin constituents resulting in

a compound with a=€N functional group, which is called an imine (S€hidse).

3. Enzymatic reaction

Decomposition of 3-CA may occur due to enzymatitvayg in the potato cell either by
acting on 3-CA directly or by oxidase enzymes poboly products (probably quinone)
which can interact chemically with 3-CA (e.g. S€hiise).

4. lon exchange related to pH
Binding of 3-CA to potato peel may be based onagsneixchange process. This mechanism
was speculated upon, on the basis that the negatae (e.g. CODof the potato cell

wall may interact electrostaticly with 3-CA by iexchange.
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Considering these suggestions, therefore, furthgoer@ments were undertaken to

investigate these possibilities in more detail.

6.3.7 Investigation of 3-CA volatilisation losses d  uring spiking

3-Chloroaniline is a volatile compound at ambiemnditions because of its relatively high
vapour pressure of 0.066 mm Hg (8800 mPa) at 265RC, 2011).

Park (2004) calculated a theoretical saturated wapooncentration for 3-CA in
equilibrium with liquid 3-CA as 468 pg/L at 25 °This theoretical value could be 47 ug
in the 100 mL headspace of the sealed spikingganpared to an addition of only 20 ug of
3-CA spiked on the potato peel in the present stlithat means if volatilisation occurs all
of the 3-CA spiked could be lost to headspace. P20R4) also compared the volatility of
3-CA in a static system with other potato sproutibitors including 1,4-DMN and
tecnazene. The experiments were designed by addioly chemical to the bottom of a
sealed jar, which was then held at a constant teatpe. After 24 hours during which
equilibration was reached, samples were withdrawm fthe headspace of each jar using a
disposable needle and syringe, which was then pliggith a Teflon septum prior to
injection onto a packed column GC. The measurearat@id vapour concentrations of 3-
CA in pg/L were 357 + 82.4 at 30 °C and 93 £ 353.2@&°C. The values for 3-CA were
much higher than for both of 1,4-DMN and tecnazéue to the higher volatility of 3-CA.

6.3.7.1 Using empty jars without peel

In this study, the possible volatilisation of 3-@aring spiking was measured by adding a
spiking solution of 3-CA to an empty sealed jarhwito potato tissue, allowing it to stand
for 1 hour prior to overnight extraction. The reeoyresults of five replicates are shown in
Table 6:7.

Table 6:7. Recovery values for spiking an empty jar at two spiking levels using two solvents.

3-CA spike  Spiking solvent  Extracting solvent Recary % RSD (n=5)

2 ug Methanol Methanol 93 11.2
Acetonitrile Acetonitrile 99 7.9
20 ug Methanol Methanol 100 2.3

Acetonitrile Acetonitrile 101 3.7
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It is apparent from the table that under the comalit used to spike the potato tissue, there

is negligible loss of 3-CA by volatilisation.

6.3.7.2 Use of Tenax traps in collection system

The use of solid adsorbents is often one of theptrey methods used to collect volatiles
from potato. Sampling tubes are filled with theskdsadsorbents to concentrate traces of
volatile organic compounds from air (Russell, 197assing a measured volume of air
through an adsorption tube at a controlled ratéectd the vapour from the sample on to
the packing material. Recently, this method wagl dee headspace analysis of the potato
sprout inhibitor 1,4-DMN (Oteef, 2008). The Tenaapt is a glass tube packed with solid
adsorbent of porous polymer based on 2,6-dipheiplignylene oxide which offers a high

thermal stability for gas chromatography separafiRonder, 1974).

In this work, a further test of volatilisation ofGA from spiked peel under controlled
conditions was performed based on the collectiostesy used by Oteef (2008) for
collection of potato volatiles as shown in Figur2.@ he system was set up where a stream
of nitrogen gas was passed through a bed of pp&eb(25 g) spiked with 3-CA and then
through a Tenax column to trap any 3-CA releasédl ihe headspace. This experiment
was run for 24 hours, after which the Tenax trajs wiuted with 10 mL of acetonitrile.
Even under these more extreme conditions, the dcuagram obtained from HPLC
analysis of the Tenax trap elution showed no pdaB-GA compared with a standard

solution as shown in Figure 6:4.
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Figure 6:4. Chromatograms of analysis of: a- 1 pg/m L standard solution of 3-CA and b- the
acetonitrile eluate from sampling Tenax trap.

It can be concluded from this experiment that thason for the low recovery of 3-CA
from spiked peel is not related to the volatilifytiis compound (under these experimental

conditions) even although it is known to have énhigpour pressure.

6.3.8 Investigation of the loss of 3-CA by reaction with different
potato chemical components

3-Chloroaniline as an aromatic amine and is a veae. Generally, reactions of aromatic
amines are strongly reactive in electrophilic arbmsubstitution because of the electron —
donating effect of the amino group. The formatidradschiff base involves the reaction
between an aromatic amine and either an aldehyde katone. It was reported that the
resistance of the residue of chloroanilines to exai\extraction from soil strongly suggests
a covalent binding of the nucleophilic amino funo&l group to electrophilic sites of a
carbonyl group or quinoidal ring of humic compoumadsoil (Hsu and Bartha, 1976; Hsu
and Bartha, 1974; Adrian et al., 1989; Weber et28i01).
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6.3.8.1 Reaction with glucose

The main purpose of this work was to investigagegbssibility of reaction of 3-CA with the
chemical constituents of the potato. It has beecdpted that the amino group of 3-CA has
a tendency to react with the carbonyl group in seoha Schiff base reaction with glucose
(Harry Duncan, personal communication) which is ohthe major reducing sugars and an
important carbohydrate found in potato (100 mg/){®gartin and Ames, 2001). Table 6:8
shows recovery values for spiking different weigbitglucose with 3-CA for 1 hour prior to

overnight soaking extraction with 20 mL of 1 pg/tHC in methanol.

Table 6:8. Recoveries and RSD% values from spiking different weights of solid glucose
mixed with water.

Wt. (g) Water (mL) Methanol extractant (mL) Recovery% RSD% (n =5)

1 - 20 97 0.6
0.5 1 20 93 2.9
1 1 20 72 5.2
3 1 20 56 10.6

As can be seen from the table there is a clead toémlecreasing recovery with increasing
weight of glucose (in the presence of water). Tloeeg it seems possible that the observed
reduction in recovery could be attributed to reactdf the amino group of 3-CA with the
aldehyde group of glucose. Hydrogen bonding mag hés suggested to play a vital role
between these two groups. It was mentioned thaicaaeid can catalyse the reaction
between aniline and glucose to produce a brownucetb material glucose-anilid. This
reaction is more rapid in acidic solutions thanhwglucose and aniline alone (Cameron,
1926).

6.3.8.2 Reaction with other potato chemical compone  nts

To investigate other possibilities of the reactmn3-CA with other potato components,
several chemicals which are present at high coratgmts in potato were selected:

Chlorogenic acid: is a major phenolic compound Wwtgonstitutes about 90% of the total
phenolic content of potato tuber; (its concentrataan range from 1 — 2 mg/100g dry
weight) (Malmberg and Theander, 1985; Singh etl898).

Caffeic acid: is a polyphenolic substance presenpotato (10 — 41 mg/100g DM)
(Lisinska and Leszczynski, 1989), it is found alawith chlorogenic acid, to be present at
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higher concentrations in potato peel than in pofsh. Both play an important role in
enzymatic browning and act as antioxidants (Ro@zgbe Sotillo et al., 1994; Hayase and
Kato, 1984).

Asparagine: is natural amino acid (amide of aspatid) and is present in the highest
amount in potato (93.9 mg/100g) (Martin and Ame&¥)1). It is thought that reaction of
asparagine with reducing sugars may be resporfsibtbe formation of acrylamide during
potato frying (Zhu et al., 2010).

Citric acid: is a major organic acid naturally mes at high levels in potato tubers as
compared with other acids. It plays an importaé @s an antioxidant in the oxidative
process that decreases the tendency of boiledogstéd darken (Wichrowska et al., 2009;
Lisinska and Leszczynski, 1989).

Aspartic acid: is one of the most abundant amindsagresent in potatoes (1990 mg/100g
DW) (Zhu et al., 2010).

Glutamic acid: is a natural amino acid consideceldd a flavour enhancer that is present in
potato tuber (2180 mg/100g DW)(Zhu et al., 2010).

Arginine: is another amino acid found in potatot bt lower concentrations relative to

other amino acids.

Tyrosine: is an amino acid present in potatoeseiatively high concentrations (575
mg/100g DW) and plays an important role in the brimg of potato during the oxidation
process that occurs when the potato tissue is dasn@&geld et al., 1987).

Malonic acid: is an organic acid reported to bespn¢ in potato tubers, but in lower
quantities, organic acids in general affect thediciof potato juice (Lisinska and
Leszczynski, 1989).

Ascorbic acid: is a natural organic compound foahd mg/100g dry weight in new potato
and acts as an antioxidant in potato and is théiaéorm of vitamin C (Davey et al.,
2000).
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In this study, these compounds were added to a 3@4ion in water and left for 1 hour.
Methanol was added and the residual 3-CA was medsafter standing overnight to

stimulate the extraction. The recovery results-@f/Bare presented in Table 6:9.

Table 6:9. Recovery values for 3-CA after contact w ith solutions of different potato chemical
components.

Material 3-CA Recovery%
Chlorogenic acid 108
Caffeic acid 110
Asparagine 98
Citric acid 104
Aspatrtic acid 102
Glutamic acid 108
Arginine 108
Tyrosine 102
Malonic acid 99
Ascorbic acid 99

It is apparent from Table 6:9 that high recoved€8-CA were obtained (in the range 98 —
110%) from extraction of its mixed solution withckacompound. These recovery results
indicated that no reaction occurred between 3-CAl #imese chemicals under the

experimental conditions.

6.3.9 Investigation of the loss of 3-CA due to enzy  matic activity

It was suggested that peroxidase enzymes may bé&/et/in the degradation and binding
of chloroaniline-based pesticide residues in sdiletther and Kaufman, 1980).
Chloroanilines can interact with peroxidise enzymdgth the formation of polymeric
compounds with both anil-and quinoid type bondsu(Aisd Bartha, 1976; Hsu and Bartha,
1974; Adrian et al., 1989). The formations of thegenoid bonds require an initial
oxidation of the substituted aromatic ring by thergxidases enzymes. The reaction
products of chloroaniline may have some affinity imd to humic materials in soill
(Fletcher and Kaufman, 1980) or possibly by congmariwith lignin in plant.

One example of a common enzyme in potatoes is pelypl oxidase (PPO) which has a
copper ion bound in the active site and catalyseskidation of polyphenolic compounds

by oxygen to the corresponding reddish-brown ofusignes (Girelli et al., 2004; Kim,
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1995). These products are highly reactive and @ameamzymatically auto polymerise to

yield an insoluble black-brown coloured melaninrpant (Eicken et al., 1998; Busch,

1999). This phenomenon is often called a browngagtion. The most important factors
affecting enzymatic browning are the concentratioh active enzyme PPO, the

concentration of phenolic compounds, pH, tempeeatund the presence of the oxygen in
the tissue of fruits and vegetables (Martinez anditéi¢er, 1995; Chutintrasri and

Noomhorm, 2006).

There are several possible explanations for the oblenzymatic oxidation in the poor
extraction of 3-CA. PPO is a highly effective engyntherefore its presence in the potato
might be responsible for enzymatic breakdown andisation of 3-CA directly. Another
possibility is that of 3-CA reacting with the o-gone products of the PPO enzyme
activity. Thus, these potential reactions of 3-@Apotato tissue may well lead to a difficult
extraction and a subsequent low recovery. Theafatieese reactions can be influenced by
various factors such as the concentration of PR@oge and 3-CA, contact time, pH and
temperature. Moreover, the potato variety and itsstare presence have potential effect
on the extraction of 3-CA as discussed in Secté8sl and 6.3.6.

The following series of experiments investigated #bility of the enzymes present in
potatoes to catalyse possible 3-CA breakdown m@aktin potato tissue by using potato

juice to study the processes.

6.3.9.1 Effect of spiking time on the recovery of 3  -CA from potato juice

Since potatoes contain a high percentage of wiatisreasy to extract juice using a home
blender. Blending potato results in the juice in#tadeveloping a brown colour, this is

due to the enzymatic oxidation of phenolic compauadd shows that the enzymes are
highly active in the juice. The rapid appearancehef brown colour of the juice means
faster oxidation has occurred due to air bubblewgged during the blending process. It

should be noted that the composition of potatcejuscsimilar to that of the potato tuber.

The first experiment that was conducted was spikiotato juice with solutions of 3-CA
prepared in water and methanol for different sgkimes (0, 2, 5, 10, 20, 30 and 60
minutes) prior to an overnight soaking extractiothwmethanol. Figure 6:5 shows the

extraction recoveries of 3-CA from potato juicestes spiking time.
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Figure 6:5. The effect of the spiking time on the r  ecovery of 3-CA from spiking potato juice
using two solvents of methanol and water.

It can be seen that increasing the spiking timesedwa decrease in the extraction recovery
after spiking potato juice with 3-CA in both metlhmand water. However, spiking with
the water solution gave recovery values higher thidim methanol, corroborating previous
results obtained from spiking peel with 3-CA dissal in different solvents (see Sections
6.3.2 and 6.3.5). At time zero, the extractant a@dded to the juice before spiking so there
was no direct contact of 3-CA solution with thecpii These results are similar to those in

Figure 6:3 when the peel was spiked with 3-CA.

6.3.9.2 Preventing the enzymatic reaction in the po  tato juice

To assess if this loss of 3-CA was due to enzynatiwity, potato juice was treated by
heating to 90 °C to destroy enzymatic activity aidiag reducing agents in order to
specifically inhibit the oxidase enzymes. Severathnds can be used to cause inactivation
of the enzymes: addition of chemical additives. (felucing agents, acids and chelating
agents), pH alteration and/or temperature (Caldeal.e 2011; Pizzocaro et al., 1993;
Girelli et al., 2004; Coetzer et al., 2001; Jeonhglg 2005). Heat treatments can be used to
cause inactivation of enzymes using temperaturestgr than 50 °C (Altunkaya and
Goekmen, 2008; Girelli et al., 2004; ChutintrasrddNoomhorm, 2006; Kim, 1995). The
addition of antioxidants like ascorbic acid andisoddithionite can cause the reduction of

guinones back to the original phenols and/or rentoygen from the environment.
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In this study, the treated juices were spiked aitnethanol solution of 3-CA and left for 1
hour prior to overnight soaking extraction. Theonegry results obtained from HPLC

analysis of the extract are shown in Table 6:10.

Table 6:10. Recovery values of 3-CA from potato jui ce treated with different enzymatic
inhibitors.

Treatment 3-CA Recovery RSD% (n = 3)
Sodium dithionite 93 3.8
Ascorbic acid 98 1.1
Heating 99 4.5

No treatment (control) 5 4.8

What is interesting about the data in Table 6:1ihas$ spiking the treated juices resulted in
a high recovery as compared with spiking untreate@ (control). These findings indicate
a possible role of oxidase enzymes in the loss@A3The reason for this loss is not clear
but 3-CA may undergo a Schiff base reaction withboayl groups produced by the
enzymatic oxidation of phenolic compounds. Diregidation of 3-CA by enzymatic

activity is another possibility that cannot be exigd.

6.3.9.3 Preventing the enzymatic reaction in potato peel

The role of enzymatic degradation of 3-CA in peabvnvestigated by using ascorbic acid,
citric acid, a combination of ascorbic acid andiciacid and sulphuric acid in the spiking
solutions. In addition to the antioxidant effectasicorbic acid, these acids can inactivate
polyphenolase enzymes through lowering the pH. ®dpgmum pH for PPO enzyme
activity in potatoes is between 4 and 7 dependmghe substrate (Lourenco et al., 1992).
A combination of ascorbic acid and citric acid HBeen widely used as an acidifying
treatment to prevent the enzymatic browning of fwof@aurila et al., 1998; Langdon,
1987). Citric acid exerts an additional effect lmelation with copper or iron to reduce the
enzymatic activity in potato tubers (Singh et dl998; Muneta and Kaisaki, 1985;
Pizzocaro et al., 1993).

Spiking solutions of 3-CA were prepared with diffet concentrations of these acids to
spike potato peel. Table 6:11 presents the extragtcovery results obtained from the

analysis.



Nidhal M. Sher Mohammed 2012 Ch 6/ 227

Table 6:11. Recovery values for extraction of potat o0 peel spiked with 3-CA solutions
containing an enzymatic inhibitors.

Amendment Concentration Recovery% RSD % (n=5)
Control - 17 10.7
Ascorbic acid 1% 29 18.4
5% 45 15.7
10% 55 2.7
15% 52 1.3
Citric acid 1% 31 324
5% 46 9.2
10% 48 6.6
15% 50 9.8
Ascorbic acid and citric acid 10, 15% 71 9.5
Sulphuric acid 1M 64 12.6

These results are quite revealing, firstly, usimgse enzymatic inhibitors greatly improves
the recovery of 3-CA from the potato peel but netnauch as that attained from potato
juice (see Table 6:10). Secondly, there is a dkesd of increasing recovery of 3-CA with
increasing concentration of acid. This reveals that inactivation of the PPO enzyme
requires a sufficient concentration of these irtbitsi (Pizzocaro et al., 1993). Thirdly, the
recovery values obtained when using the same ctnat@n of each of ascorbic acid and
citric acid were similar, demonstrating no diffecerbetween the action of these two acids.
Sulphuric acid gave a slightly higher recovery tlegther ascorbic acid or citric acid. Thus
one of the issues that emerges from these findsgse role of acidity on improving the
extraction of 3-CA from potato peel rather than bhecking of enzymatic oxidisation by a

reduction mechanism.

Nevertheless, a question that must be asked i, ilt@e role of these acids in improving
the extraction of 3-CA from potato samples. The Ima@tsm is not clear but it could be
enzymatic inhibition caused by a lowering of the peélow that required for enzymatic
activity or that the pH is having an effect on tieding of 3-CA, particularly, the acid and
alkaline extraction might have a tendency to breekinteraction of 3-CA in terms of a
Schiff base reaction with specific potato peel comgnts (Harry Duncan, personal

communication).
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6.3.10 Investigation of pH effect and ion exchange  on extraction
of 3-CA from the potato peel

Generally, the skin of a potato tuber constitutessdork periderm which contains suberin
and waxes (Serra et al., 2009). The chemical streadf suberin is a complex polymer
consisting of a high proportion of phenolic compdsinfatty acids, fatty alcohols ang
hydroxy acids combined by ester bounds and perdxidiges (Kolattukudy and Agrawal,
1974; Serra et al., 2009). The waxes are a completure of lipids that consist of a linear
aliphatic chain up to 32 carbon atoms in lengthh(8iber et al., 2005). Therefore, the
potato skin periderm contains both hydrophilic ge—OH and —COOH) and lipophilic
groups (-CH- and —CH). The presence of the free carboxyl groups isaesiple for
most of the negative charges on the potato skimrgHauncan, personal communication).
Therefore, potato skin can exhibit ion exchangeertes.

One postulation for the poor extraction of 3-CAnfrpotato peel could be strong binding
by ion exchange between the negatively chargedpgron the potato skin and the NH
group of the 3-chloro anilinium ion produced fron@ tamino group. To generate a positive
charge on the amino group, the pH of the sampleixnstiould be below its pK But, the
low pKj value of 3-CA (3.52) (SRC, 2011) and the higherrpHige of potato skin (5 — 6)
do not support the ion exchange speculation. Becthes potato pH is 2 units above pK

value of 3-CA, only approximately 1% of the 3-CAndae protonated.

lon exchange binding could be countered by pH apldaits, base and acids. In reviewing
the literature, there are numerous studies desgritiie role of hydrolysis at different pH

values on the extraction of chlorinated anilines.

Sodium hydroxide has been used to extract 3-chhilina from lettuce and soil. After
extraction with acetone and acetone combined wakery which extracted CIPC but did
not extract 3-CA, the extracted soil and lettuceenvseated with 50% (g/v) NaOH in
water. 3-CA was extracted after centrifuging andrifmation with benzene and
hydrochloric acid. Recovery results at 0.1 mg/Lelewere between 75 — 89 and 79 — 92%
in soil and lettuce respectively (Rouchaud etl#187).

It was observed that using an aqueous solutiorodiusn carbonate at pH 11 and 14%
(w/v) NaCl extracted aniline metabolites of phemgh herbicides from juice obtained

from food samples by SPME. Recoveries of anilinmgounds from samples of potato,
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carrots and onions at the 0.02 mg/kg spiking levete found to be greater than 79%
(Berrada et al., 2004).

Hsu and Bartha (1974) indicated that, especiallyoat concentration, the bulk of the
chloroaniline moiety becomes tightly bound to tlod and cannot be extracted using salt
solutions or by organic solvents, however, alkabnecid hydrolysis was found to release

some, but not all of this bound chloroaniline.

This part of the work involved treatments usingdacibases and neutral salts to examine
the extractability of 3-CA. These materials werggasted due to their presence in solution
having a considerable effect on changing the plddition to their high solubility in the

extracting solvent methanol.

Preliminary analysis of the potato peel extrachgsicids, bases and salts showed recovery

results of 3-CA as presented in Table 6:12.

Table 6:12. Recovery of 3-CA using different materi  als with the extracting solution.

Material Conc. (M) Extractant pH Recovery % RSD% (n=05)
Control - CHOH ND 11 12.1
NaOH 0.25 HO 13.4 23 9.6
NHs 0.3 CHOH 11.3 9 5.5
NapCOs 1 HO 11.8 6 7.7
CH;COOLi 0.4 CHOH 9.6 12 12.1
CH;COONH, 0.3 CHOH 7.8 6 16.4
CH;COOH 0.1 CHOH 3.4 17 12.6
CH;COOH 0.9 CHOH 2.7 16 15.5
CH;COOH 1.8 CHOH 2.3 22 8.5
H.SOy 1 CHOH <1 45 14.5

The results from this table point to low recoveafues using basic extractants and neutral
salts. However, there is a slight trend of recovecyeasing with an increase in the acidity,
particularly with sulphuric acid which gave the légt recovery. A further study with
more focus on the role of acid in extraction igéfi@re suggested.
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6.3.11 Influence of acidity on the extraction of 3- CA

6.3.11.1 Influence of acidity on chromatographic se  paration

pH is an important factor in the HPLC separationosfised compounds. Using high and
low pH without control can cause many chromatogi@gitoblems like damaging the
HPLC column, drifting and poor retention reproduldipfor eluting peaks and peak shape
deterioration. In addition, too large an injectimina solvent at a different pH to the mobile
phase can cause peak shape problems and retemtiblerps. Reducing the injection

volume may alleviate this problem. (John Dolanspaal communication).

Usually the typical range for pH stability of norhsdlica-based ¢ columns specified by
the manufacturer is from 2 to 8, however the gtagtability of the bonded phase on the
column is between pH 3 to 5 at low temperaturegrdore, injecting a sample of low pH

can cause hydrolysis of the bonded phase on theCHBLumMnN.

In order to optimise the separation and quantificatdetermination of 3-CA using an
acidic solution, the effect of the acidity on théramatographic separation was
investigated. It was noticed during HPLC analysiat tthe acidity of acetic acid caused
shifting of the peaks of 3-CA and of the interntnslard of IPC. The chromatograms
showed inconsistency and drifting of the retentiomes of both peaks from one injection
to another, particularly with increasing acid petege in methanol as shown in Figure
6:6.
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Figure 6:6. The chromatograms of a standard of 1 ug
different percentages of acetic acid: a- 0%, b- 0.5

%, c- 2.5%, d- 5% and e- 10%.
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There are several possible reasons causing variatithe retention time of the analysed
compounds. The most common reason is due to tlieretice between the pH of the
sample and the pH of the mobile phase, particulatgn the sample contains ionisable
species which are known to be inconsistent in theirbehaviour in a non-buffered mobile
phase (Dolan, 2004). Adjusting the eluent pH is ohéhe most powerful ways to move
peaks around relative to each other if one or nawesionisable (John Dolan, personal
communication). The pH of the mobile phase contgrarganic solvent, water and buffer
Is assumed to be the same as that of the aquemi®ifr (Roses et al., 1996). In addition to
these factors, there are other factors which mégciathe retention of an ionic species,
such as ion pairing with other ions, effects of theic strength and co-ion exclusion
resulting from ionisation of the residual silanebgps on the silica column (Roses et al.,
1996; Lu et al., 2010). Drifting in the retentiomée of the peak can also result in the case
of incomplete equilibration of the column caused ibg-pairing of the mobile phase.
Moreover, the presence of carboxylic acid groupsampounds is more sensitive to pH,
for example, acetate in acetic acid has some immpgacapability because it is more

ionised (John Dolan, personal communication).

For ionic compounds, it is not a good idea to runabile phase without some pH control.
For this reason, starting with a low-pH mobile mhas usually the first choice (John
Dolan, personal communication). The concentratioth® buffer for HPLC depends on the
nature of the sample and the packing material & ¢olumn. However, at high

concentration of the organic solvent in the molplase, buffer solution should not be
used. In this present study, buffer solution watsemoployed due to the high concentration
of methanol in the mobile phase and to avoid anyatge of the column caused by
precipitating salts from the buffer solution ontbet column. Additionally, these

precipitated salts can damage the pump.

As an alternative and to maintain the efficiencd atability of the column, the pH of the
extract sample was adjusted to be between 2 asth§ NaOH. Additionally, to avoid any
salt contamination on the column, rinsing was utadken using 100% methanol for about
15 — 30 minutes at the end of each day's run. Réiegqum of the system with the
standard mobile phase (55 — 62% methanol) forest 80 minutes was performed before
at the beginning of a daily analysis in order tume the stability of separation quality on

the column.
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Figure 6:7 provides representative chromatogramddBLC analysis of 3-CA in an
extracting solution of 1 M 8O, in 50% methanol containing IPC as the internaidad
after adjusting the pH.

20
a
10
3-CA
m ! IPC
|
NI ) NS W
| L | | L | | L | | L | | L | | |
0 2 4 5] 8 10 12
Minutes
20
b
10
3-CA
my I IPC
[:] ./!\-._
I T 1T 1 | I T 1T 1 | I T 1T 1 | I T T 1 | I T T 1 | I T 1T 1 |
0 2 il &} 2 10 12
hinutes
20 '
C
10
my PG
0 A _
I T 1T 1 | I T 1T 1 | I T 1T 1 | I T T 1 | I T T 1 | I T 1T 1 |
0 2 4 &} 5 10 12
hinutes

Figure 6:7. Chromatograms obtained using an extract ing solution of 1 M H ,SO, in 50%
methanol at ambient temperature after adjusting the pH in: a- standard of 1 pg/mL 3-CA and
IPC, b- extract of spiked potato peel and c- extrac  t of nonspiked potato peel.

As shown from the representative chromatogramsg geparation was achieved for 3-CA
and the internal standard (IPC) in the sample idi@amethanol after pH adjustment with 1
M NaOH. A slight shifting in retention time was sefr 3-CA, but only during injection

of the first few samples, after which the retentiiome stabilised.
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6.3.11.2 Extraction of 3-CA using sulphuric acid in different
percentages of methanol

In this study, the high acidity of the methanolrpaied the extraction efficiency more than
using methanol alone. To investigate the effe¢hefacidity in the presence of the organic
solvent methanol, further work was performed usindg/ sulphuric acid made up in
different concentrations of methanol (0, 10, 25, BB, 90 and 100%) to determine what
concentration of methanol provided the best extvactor 3-CA. The main purpose of
mixing methanol with sulphuric acid is that the amgc solvent can wet the surface of the
potato peel and penetrate the potato substratesviaf] sulphuric acid to break the
interaction between the potato peel and the 3-O#fis Experiment was conducted using
two potato varieties, Nicola and Maris Peer. Aftaernight extraction, the pH of the
extract was adjusted with 1 M NaOH prior to anay$ecovery results can be seen in

Figure 6:8.
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Figure 6:8. The recovery of 3-CA from spiking two p  otato peel varieties using extracting
solution of 1 M H ,S0O, in different percentages of methanol at ambientte  mperature.
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Although, there is some variability in the recoverglues at different percentages of
methanol particularly with the Nicola variety iteses that the strong acidity in the
extractant is responsible for improving the exim@cfrom both varieties. The recovery of
3-CA is not affected by increasing the methanokeetage in the extractant. The most
striking result to emerge from the data is thahbairieties showed recovery values in the
range of 40 — 60 % in an acidic solution of methaall methanol percentages but poor
recovery as expected when using methanol aloneth@sobjective is to extract both

residues of 3-CA and CIPC in a potato sample etxteahigh concentration of methanol is
required to extract the CIPC. Therefore and fromeaonomic point of view, 50%

methanol was chosen. This percentage of methanibl bei used for optimising the

extraction process and investigation other parammetetemperature and extraction time.

6.3.11.3 Influence of temperature on the extraction  of 3-CA

Extraction temperature is one of the essentiabfadior optimising the extraction process.
Temperature has a significant effect on the extractprocess kinetically and
thermodynamically (Zhou and Ye, 2008). It affedie iass transfer rates of the analyte

from the matrix to the acceptor phase.

An experiment was conducted to investigate thecefédé temperature on the extraction
efficiency of 3-CA from spiked peel using an extiag solution of 1 M sulphuric acid in

50% methanol. The investigation involved using spiking solutions of 3-CA prepared in
methanol and water. After overnight extraction ifiedent temperatures (ambient, 22, 50
and 70 °C), the pH of the different extract samples adjusted by adding 1 M NaOH

prior to analysis. Extraction temperature data3f&@A is shown in Figure 6:9.
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Figure 6:9. The effect of temperature on the recove ry of 3-CA from potato peel spiked with
two solutions and extracted with a solution of 1 M H»,SO, in 50% methanol.

It is apparent from Figure 6:9 that the extracti@eovery increased with increasing
temperature for both spiking solutions used. Theeiase in temperature accelerates the
diffusion rate and increases the solubility of teetracted substance in the extract
increasing the extraction efficiency (Jokic et @D10; Cacace and Mazza, 2003). Due to
the viscosity and the surface tension of the sdjvidre interaction between the target
compound and sample matrices can also be disrgthayh temperature (Buldini et al.,
2002; Morales-Munoz et al., 2003). Therefore, tighhtemperature might decrease the
binding strength of 3-CA with the potato peel amtbsequently increase the distribution
rate of 3-CA into the extractant thus increasing tbcovery. The figure also shows that
spiking with water solution of 3-CA presented reeogs slightly higher than using
methanol solution, this seems to be consistent edttier observations discussed in this
chapter (see Sections 6.3.2, 6.3.5 and 6.3.9.F .belt recoveries were obtained at 50 °C
and 70 °C and were in the range 66 — 82 % for Botthtions of 3-CA used to spike the
peel. As there was a little difference in the estitm efficiency between 50 °C and 70 °C,
50 °C was selected for further work.

6.3.11.4 Influence of extraction time on the extrac  tion of 3-CA

The extraction time is another essential factobdcoptimised in an extraction procedure.
Mostly, the extraction recovery of analytes incesawith increasing extraction time until
reaching an equilibrium, because the longer timewasl more contact between the

extracting solvent and sample matrices. Howevers ihot always practical to use an
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extraction time that is long enough for equilibridsmbe achieved (Zhou and Ye, 2008).
The time required for the analysis is very importatmen analysing a large number of

environmental samples on a daily basis.

To establish the optimal conditions for the exi@ctprocedure of 3-CA using an
extracting solution of 1 M k8O, in 50% methanol, the extraction time factor was
investigated. After spiking chopped peel with a maebl solution of 3-CA for 1 hour, the
extraction of replicate spiked samples (n = 3) wagormed over a ranged of different
extraction times (2, 6, 12, 18 and 24 hours), effgrmed in the incubator at 50 °C. After
pH adjustment of the acidic extract, the replicatese analysed. As can be seen from

Figure 6:10, the extraction recovery of 3-CA ina@@dwith extraction time.
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Figure 6:10. Effect of the extraction time on the e xtraction efficiency of 3-CA using the
extracting solution of 1L M H ,SO,in 50% methanol at 50 C.

Even though the extraction did not reach equilibraat the longest time of 24 hours, the
best extraction was achieved at 24 hours extrat¢tne where the recovery was found to
be 84 % with an RSD% 15.1 for three replicates. e\mv, a higher recovery value may be
obtained if an extraction time of greater than &4irk is used. An extraction time of 24
hours is considered a reasonable and an accepitakl¢hat can be selected for extraction
of 3-CA.

6.3.11.5 Influence of acidity on the degradation of  CIPC

CIPC is a compound belonging to the well known Nsp#l carbamate group which is
solvent and temperature labile, meaning that CI®Capidly degraded under improper
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solvent and excessive heating (Przybylski and Bpn@09). Additionally, acidifying
active solvents like methanol could encourage thelrdlysis and accelerate the
degradation process of CIPC initiated by heatingidi& hydrolysis using dilute (1:1)
sulphuric acid combined with heat to boil gentlydanreflux conditions for 1.5 hours was
used to convert the CIPC, to 3-CA and isopropybladd, in both a potato extract sample
and milk produced by dairy cows (Gard, 1959; Gard Berguson, 1963).

Prior to commencing testing the new method on coroi@epotato samples, a question
needs to be asked as to whether 3-CA can be foduedo the hydrolysis of CIPC in
treated potato extracts during extraction, by Imgathe mixture of sulphuric acid and
methanol. CIPC can be hydrolysed under acidic kaliae conditions, releasing 3-CA
(Hajslova and Davidek, 1985; Kearney and Kaufm&®g5] Gutenmann and Lisk, 1964;
Romagnol and Bailey, 1966). To investigate thissadution of 10 pug/mL CIPC was
prepared in an extracting solution of 1 M sulphwaed in 50% methanol (containing 10
png/mL IPC) and heated under the same conditiongsad for the extraction of 3-CA.
Comparison of this solution with a standard sohlutid three compounds (3-CA, IPC and
CIPC) prepared at the same concentration in 1 Ndhswic acid in 50% methanol, at

ambient temperature, showed no formation of 3-CAhasvn in Figure 6:11.
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6.3.12 Application of the proposed method forthe d  etermination
of the residues of 3-CA and CIPC in stored potatot  ubers
treated with CIPC

To check the extraction method using a mixture ™ H,SO, in 50% methanol at 50 °C
for 24 hours, 20 potatoes tubers treated with B@ a commercial store, were analysed
to determine the residues of CIPC and 3-CA by tieiw method (see Section 6.3.14). In
addition, comparisons were made with methanol {exjsCIPC method as summarised in
Section 5.3.5.2) and 1 M BO, in 50% methanol at ambient temperature. All three
extracting solutions contained 10 pg/mL IPC asitibernal standard. The analysis of the
three extracts was initially performed using theeaystem (autosampler-SpectraSERIES
UV100 HPLC) as described in Section 2.1.2. Chrograims of the extract showed good
separation with high resolution for all three peaks3-CA, IPC and CIPC as shown in
Figure 6:12.
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Figure 6:12. SpectraSERIES UV100 HPLC chromatograms  of the extract of same potato
tuber using different extractants: a- MeOH at ambie  nt temperature, b- 1 M H ,SO,4 in 50%
MeOH at ambient temperature and c- 1 M H ,S0O,4 in 50% MeOH at 50 °C. (Note: the peak
heights in b and c are reduced due to dilution afte  r pH adjustment).

A high peak for 3-CA was noted pointing to a higidue level which was unanticipated.
Thus, to confirm the identity of this peak, the lgaes of the extract samples was also
carried out using the Hitachi DAD HPLC (see SecthR.2.2). This system was used to
check the purity and identity of the peaks usirgjrtpectrum. DAD offers greater ability

to analyse peak purity with absorbance measured asiction of retention time and

wavelength (Wiberg et al., 2004). Spectra are abthifrom the centre, left and the right
sides of the peak, the two side spectra are usedltolate peak purity. To confirm the
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purity of the peak, the spectrum is compared tostaadard. Comparison of these spectra
against each other should be close to 100%. Fi¢ut& shows the chromatograms

obtained from the analysis of the extract usingDA®-HPLC system.
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Figure 6:13. DAD-HPLC chromatograms of the extract of the same potato tuber using
different extractants: a- MeOH at ambient temperatu re, b- 1 M H,SO,4 in 50% MeOH at
ambient temperature and c- 1 M H ,SO, in 50% MeOH at 50 °C. (Note: the peak heightsin b
and c are reduced due to dilution after pH adjustme  nt).
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A good separation of 3-CA, CIPC and the internahdard IPC with good resolution was
obtained using DAD-HPLC system at 65% methanolhe&s rmobile phase, flow rate 1
min/mL and the same Phenomefiegolumn (ODS-2 250 mm x 4.6 mm 5 pm
Sphereclone) coupled with guard column. The DAD-BRystem confirmed the identity
of the three peaks and shows peak purity greatar #5%. A further test was made by
adding a solution of 10 pg/mL of 3-CA to the extrad some potato tubers. The
chromatogram showed an increase in the peak ar@G#, no peak splitting and the

purity of the peak was more than 95%, thus configrthe identity of the 3-CA peak.

To assess any difference between the two HPLC seslycomparisons were made by
plotting correlation graphs for the residues resaft3-CA and CIPC as shown in Figures
6:14 and 6:15.
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Figure 6:14. Correlation between the residue of 3-C A analysed by two HPLC systems and
extracted by: a- MeOH at ambient temperature, b- 1 M sulphuric acid in 50% MeOH at

ambient temperature and c- 1 M sulphuric acid in 50 % MeOH at 50 C.
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Figure 6:15. Correlation between the residues of CI  PC analysed by two HPLC systems and
extracted by: a- MeOH at ambient temperature, b- 1 M sulphuric acid in 50% MeOH at
ambient temperature and c- 1 M sulphuric acid in 50 % MeOH at 50 C.
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Good correlation can be seen from these figurewdmst the two HPLC systems. The
SpectraSERIES UV100 HPLC system gave slightly higheues than the DAD-HPLC
system. However, although statistical analysis giginpaired t-test (Table 6:13) showed
significant differences (p < 0.05) for both 3-CAda€IPC, in analytical practice the
differences have no significant effect since theamdifferences of the residues are very

small.

Table 6:13. Paired t-test of two HPLC analyses of 3 -CA and CIPC residues after extraction of
20 potato tubers.

Mean difference p- value

Extractant (n =20) mg/kg

3-CA CIPC 3-CA CIPC
MeOH at ambient Temp. 0.03 0.36 <0.05 <0.05
1 M H,SO, in 50% MeOH at ambient Temp 0.10 0.08 <0.05 <0.05
1 M HxSQO, in 50% MeOH at 50 °C 0.26 0.21 <0.05 <0.05

The results obtained from the analysis of the residalues of 3-CA and CIPC in the 20

potato tubers using three extraction methods are/sin Figure 6:16 and 6:17.
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Figure 6:16. 3-CA residue in 20 potato tubers treat ed with CIPC and extracted by three
different methods and analysed by HPLC (SpectraSERI  ES UV100).
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The histogram in Figure 6:16 indicates that thera clear trend of increase in the residue
concentration of 3-CA using the three extractiorthuods, with the proposed method of
using 1 M HSQ, in 50% MeOH at 50 °C extracting significantly mdren either that
extracted at ambient temperature or that extraosadg methanol alone (mean residue
values were 1.43, 0.53 and 0.09 mg/kg respectiva@lggse results demonstrate that the
new extraction method (1 MA30, in 50% MeOH for 24 hours at 50 °C) shows the same
pattern of relative recovery of 3-CA in commergmaitato samples treated with CIPC as

was obtained for the spiked samples.
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Figure 6:17. The residue of CIPC in 20 potato tuber s treated with CIPC and extracted by
three extraction methods and analysed by HPLC (Spec  traSERIES UV100).

The mean CIPC residue values determined for th@s@a2ato tubers using the three
extraction methods (methanol, 1 M$0, in 50% MeOH at ambient temperature and 1 M
H.SO, in 50% MeOH at 50 °C) were 4.09, 3.50 and 4.09 kogpgfespectively.
Nevertheless, a question that must be asked iss thee new method give the same
measurement for the extraction of CIPC from tregiethto samples compared with the
method developed in Chapter 5 using the methanatigo alone. To investigate this,
comparisons between the two methods were madehandesidue data were plotted as is

shown in Figure 6:18.



Nidhal M. Sher Mohammed 2012 Ch 6/ 248

1 M H2S04 50% MeOH at 50 €

10
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Figure 6:18. Correlation between the residue of CIP C extracted by the standard method
using MeOH and the new method using 1 M H ,SO, in 50% MeOH at 50 T and analysed by
HPLC system (SpectraSERIES UV100).

It is apparent from this figure that there is a d@orrelation between the two extraction
methods. Further statistical analysis using a gairest showed that there was no
significant difference (p > 0.05) between the twethods used to extract the residue of
CIPC in 20 treated tubers. The conclusion that lmardrawn is that the new method is
suitable for extraction of the residue of CIPC &dl\as that of 3-CA.

Table 6:14 shows the residues of both of 3-CA aiflCCin these 20 tubers using 1 M
H,SO, in 50% MeOH at 50 °C.

Table 6:14. The residues of 3-CA and CIPC in 20 pot ato tubers treated with CIPC.

Residue of 20 tubers (mg/kg) 3-CA CIPC
Minimum 0.57 141
Maximum 2.53 7.09
Mean 1.43 4.09

It can be seen from the data in the table thatribst striking result is that a high residue
concentration of 3-CA was detected in these patataples whereas CIPC residues were

lower than maximum residue level (MRL) of 10 mg/kg.
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It seems possible that this residue of 3-CA is doedegradation of CIPC during
application in the store (Park et al., 2009; Nagayand Kikugawa, 1992; Worobey and
Sun, 1987; Worobey et al., 1987; Park, 2004). CiiRGS applied to the potato tubers as
solid formulation, melting at 37 °C and fogged 80 4C through metal pipes. Degradation
of CIPC might occur due to pyrolysis on contacthwitetal surfaces at high temperatures
resulting in the formation of 3-CA (Park et al.,080 Romagnol and Bailey, 1966). These
potatoes were analysed at the end of the seasamimgethat they may have received
several applications of CIPC. Another possible saafor this residue of 3-CA is that
microbial degradation of CIPC residue might haveuoed during the long storage period
(Kleinkopf et al., 1997; Kaufman and Kearney, 198Hlfe et al., 1978; Rouchaud et al.,
1986a). Furthermore, 3-CA is used to synthesiseCGéBmmercially by reacting with
isopropylchloroformate so it may be present in @EBC formulation as a contamination,
but only at very small levels (0.05% of CIPC wejgiworobey and Sun, 1987; Park et al.,
2009).

6.3.13 Effect of fogging temperature and the number of CIPC
applications on the residue levels of 3-CA and CIPC in
stored potatoes

This work focussed on the effect of fogging tempee application on the residue of 3-
CA and CIPC in potato tubers under commercial storelitions at the start of the storage
season 2010 — 2011. Comparison was made betwebrntdntperature fogging (450 °C)

applied to a bulk store at 14 g/tonne, with low pemature (270 °C) application of a box
store at a rate of 12 g/tonne, under commerciatitions (9 °C). Further samples were
obtained following a second application at low temgbure (270 °C) in the box stores.
Potatoes tuber samples were taken from these stodesxtracted using the new extraction
method of 1 M sulphuric acid in 50% methanol forlurs at 50 °C. The results obtained
from the analysis are shown in Table 6:15.
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Table 6:15. Residue levels of 3-CA and CIPC in comm ercially treated potatoes in UK stores
for season 2010 — 2011 under different applications

No. of tuber 3-CA residue (mg/kg) CIPC residue (mg/kg)
270°C 450 °C 270°C 450 °C
1 2 1 1 2" 1
1 0.05 0.06 0.09 3.52 8.02 0.40
2 0.10 0.33 0.05 1.15 341 0.38
3 0.05 0.44 0.12 1.36 4.03 0.44
4 0.12 0.19 0.15 2.22 1.32 1.29
5 0.13 0.26 0.10 1.95 3.48 0.56
6 0.08 0.40 0.13 2.36 2.37 0.63
7 0.09 0.50 0.09 2.03 6.38 0.48
8 0.12 0.24 0.05 1.72 4.23 0.48
9 0.07 0.78 0.14 1.89 6.06 0.33
10 0.20 0.37 0.05 1.40 3.17 1.42
Minimum 0.05 0.06 0.05 1.15 1.32 0.33
Maximum 0.20 0.78 0.15 3.52 8.02 1.42
Mean 0.10 0.36 0.10 1.96 4.25 0.64
ANOVA test a* b a c d c

* Different letters refer to a significanfférence (p < 0.05) Tukey HSD

The Tukey test results showed no significant défifee between high and low temperature
fogging after a first application of CIPC for ba#sidues of 3-CA and CIPC. A significant

increase was found between the first and seconlitappn at 270 °C indicating a possible

build up during storage as obtained in Table 6:hdciv shows high residue levels in the

end of storage season samples. The reason fornitiease may be due to repeated
application and/or microbial degradation of CIPGakhcannot be excluded.

Thermal degradation of CIPC during application wasstigated by Park et al., (2009) to
determine the influence of burner temperature, tdation flow rate and the use of a metal
pipe on the formation of 3-CA as a product of CIR@akdown. It was found that a high
burner temperature (600 °C) caused more breakddv@iRC than a lower temperature
(475 °C), whereas no breakdown occurred at 19@BRCA was found to be present in air
samples that were taken from treated stores usihgyla burner temperature (600 °C)

application but none was found in the correspondimgamples at 190 °C. Moreover, it
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was found that using a metal pipe resulted in n3e@A than when either a plastic pipe or
no pipe was connected to the fogger machine. Thesdts suggest both direct thermal
degradation as a result of the high burner tempegaind the catalytic effect of the metal

pipe are responsible for the presence of 3-CA matpcstores (Park et al., 2009).

Table 6:15 also showed no significant differencenvieen the residues of CIPC at high and
low temperature applications of CIPC whereas aifstgmt increase was found between

the first and second application at low temperaf2v® °C).

Due to the time limitation this research had tcstmoped at this point, however, a detailed
study is required to investigate both aspects wiprature and time and in addition, the

catalytic effect of the metal pipe used in the CB@ger application.
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6.3.14 Summary of final extraction method for simul  taneous

determination of 3-CA and CIPC from potato peel sam ples

Procedure

The proposed method for the extraction of the pagatout inhibitor chlorpropham (CIPC)
and its metabolite 3-chloroaniline (3-CA) from potgpeel samples can be summarised

briefly as below:
1. Washing and drying potato tubers.
2. Recording the weight of each tuber.
3. Peeling the potato with a stainless steel peel@racording the weight of peel.
4. Chopping the peel into fine pieces then mixingltam a homogenous sample.

5. Soaking 2.5 g chopped peel sample in 20 mL of &raeting solution containing 1 M
H.SO, in 50% methanol and an internal standard of prop({iC) for a period of 24
hours at 50 °C.

6. Adjusting the pH of the extract sample (2 mL) byiag 1 M NaOH which was made
up to 5 mL with methanol then filtering the samglgough a 0.2 uym PTFE

membrane syringe prior to transfer into an HPLQ faaanalysis.
Chromatographic conditions

The chromatographic parameters for this methogamemarised as follows:
+ Column: Phenomen&(ODS-2 250 mm x 4.60 mm 5um Sphereclone)

+ Guard column: Phenomen&8&ecurity Guard™

Detector: SpectraSERIES UV100

« Wavelength detection: 210 nm
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Mobile phase: 62 % methanol

Flow rate: 1.5 mL/min

Chromatographic run: 15 minutes.

CIPC retention time: ~ 13 minutes.

IPC retention time: ~ 7 minutes.

3-CA retention time: ~ 5 minutes

Injection volume: 20 pL

Column temperature: 25 °C

Ch 6/ 253
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6.4 Conclusion

In reviewing the literature, no suitable publishedthod for the determination of 3-CA in
potato peel was found. The work in this chapter alestrated initially poor extraction of 3-
CA from the potato peel using different potato gtes, solvents, extraction methods,

treatments and different parts of the potato tuber.

Due to the structural complexity of the potato nxatine formation of bound residues of 3-
CA is not well understood. However, the poor extoacof 3-CA was speculated to be
caused by four possible mechanisms including: Wisiation, reaction with potato

components, enzymatic activity and ion exchangegs®es related to pH.

Although 3-CA has a high vapour pressure, undeeitperimental conditions of this study
there was no measurable loss of 3-CA by volatibsat

The Schiff base reaction and hydrogen bonding may p very important role in the
reaction of the amino group of 3-CA to carbonyl aughone groups, which are abundant
in potatoes. However, under the experimental camditused, no reaction of 3-CA was

found to occur with any of the other potato compusetudied.

The results of this investigation show a possible of oxidase enzymes in the loss of 3-
CA due either to the Schiff base reaction with qui& groups of enzymatic oxidation
products of phenolic compounds in potatoes or tlicaddation of 3-CA by enzymatic

activity.

Inhibition of enzymatic activity by antioxidants @cidity was shown to enhance the

extraction of 3-CA.

The suggested binding mechanism by ion exchangased on the electrostatic attraction
between the charged functional group of the amimmum on 3-CA (-NH") to the
negatively charged groups present on the potatio(wbéech are predominantly as carboxyl
groups). Binding of 3-CA to potato peel substrdigson exchange seems unlikely as the
pKa value of 3-CA is lower than the pH of the pota@tanging of the pH of the extracting
solution indicted that neutral and alkaline solosi@id not promote the extraction of 3-CA
from spiked peel. However, high acidity using suipt acid combined with methanol as
an extracting solution improved recovery. The etiom process was optimised for

temperature and extracting time. Using a mixturd &l H,SO, in 50% methanol as an
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extracting solution for 24 hours at 50 °C increadezl extraction recovery of up to 85%.
This procedure represents an efficient and acclptaiethod for the extraction and
analysis of 3-CA from potato peel samples and @arrtiore it can be used for the

simultaneous extraction of CIPC.

The developed method was applied to potato sangescommercial stores to determine
the residue of 3-CA and CIPC in potatoes that heehhtreated with CIPC (as it is an
important issue for the potato industry). Additibpapotatoes were taken from different
UK stores during the storage season 2010 — 20tdrtgpare the formation of 3-CA using
high and low temperature fogging of CIPC (450 °@ a0 °C), two different application
rates (14 and 12 g/tonne respectively) in additionthe first application, a second

application at 270 °C.



Chapter 7: General discussion and

recommendations

7.1 General discussion

Annually, the UK produces up to six million tonnekpotatoes and approximately four
million tonnes of this production is stored for tfiesh market and for food processing.
The storage period starts from September or eactpl§@r and it may be last up until the
next harvest season, which may in actual factphgdr than the time that the tubers spent
in the planted area. Therefore, it is important tha length of storage is able to maintain
potato quality and avoid sprouting, to meet thecgpedemands of the commercial market
and human consumption. The storage requirementhi®rfresh market is noticeably
different to those requirements for the processmngrket. During storage, potatoes
destined for the fresh market are held at a lowperature, usually below 4 °C and in
addition may also be treated with CIPC or ethylemeontrol sprouting or they may be
stored at 2 °C without chemical treatment (Cunrang2008). Potato tubers for processing
purposes are held at temperatures ranging from B)teC taking into consideration the
potato variety, potato sugar status and storage fiithese higher temperatures are required
in order to minimise reducing sugar accumulationpiotatoes, however, the higher
temperature means that sprouting can be expectattd;sprout suppressants are essential
to prolong the dormancy period of the potato, thusiding sprouting for longer. CIPC is

used as the main sprout suppressant for the pingessirket.

Considerable research studies have been made byKhaotato council represented by
Sutton Bridge Experimental Unit (SBEU) in collabtowa with the University of Glasgow
and others to improve the efficiency of sprout coinby CIPC application. However, its
application at the present time is still the subjeicconcern due to the presence of its
residue and the residues of its degradation prsdimsainly 3-chloroaniline) on potatoes
and in potato wash water. Although CIPC residuesnaostly located in the potato peel,
which can be removed by peeling, most supermartetsand products that are free of
chemical residues. Searching for alternatives, amtiqular naturally occurring sprout
suppressants, may meet this demand. To date,ithecereplacement for CIPC in the UK.
However, application of ethylene to potatoes destifor processing and long term storage
in high temperature stores is a step forward anduisently under study. There are
concerns about ethylene application, regardingdheation of the carcinogen acrylamide
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during frying at high temperatures, due to the potidn of high levels of reducing sugars.
In addition, the ethylene used may be synthesisad £thanol, which can result in some
residues from this alcohol on the potato tuberti@rmore, the reaction of two molecules
of ethanol may produce ether compounds resultingotato tubers having a sweet taste

(Harry Duncan, personal communication).

Nowadays, globally, attention is being given toveatsing naturally occurring essential
oils as sprout suppressant chemicals, particutatgway seed oil and spearmint oil which
are sources of carvone. These products are highlbtie and are extracted from plants
and therefore can be certified to apply for useoayanic potatoes. Carvone is available
now in Europe but further studies are required ndeustand its mode of action in the

control of sprouting.

1,4-Dimethylnaphthalene can be an acceptable rempiact for chlorpropham because it is
a naturally occurring compound in potatoes. In &adldj its volatility may reduce residues
on potato tubers during long term storage. Curyert}4d-DMN is used commercially in
some countries (e.g. USA, Canada and New Zealarithei world, as the active ingredient
in products such as 1,4SIGHT, 1,4SHIP and 1,4SEEBese products are liquid
formulations which can be applied to potatoes withthe need for a solvent, thereby
reducing concern from the risk of the solvent ug&tdbr to a registration decision for the
introduction of 1,4-DMN for commercial use in th&lUmore investigation is required to
ensure that its use does not cause any source rafelco to human health or the
environment. Although, in reviewing the literatumre information is indicated as to the
carcinogenicity or toxicity of 1,4-DMN, high residuevels on the potatoes must still be
considered for human health and environmental rifkerefore, many issues have to be
addressed regarding the minimum rate required ntralosprouting, particularly as there is
very limited information about this issue. It is@limportant to monitor the residue levels
to avoid high residues that may produce an unddsiréaste in the potato tubers.
Moreover, a detailed risk statement of its toxicity also essential. All of these
considerations should be monitored in the contést@residue levels of this potato sprout
inhibitor (1,4-DMN) in stored potatoes and in otle@vironmental samples. Therefore, the
analysis of this compound in these samples requpegific regulated methods to be

developed and validated.

The first step in an analytical method is to sefgathe intended compound from the

sample matrix using an efficient extraction progedwith a suitable solvent capable of
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transferring the analyte from the sample matrixthe solvent solution. This step is
followed by cleaning up of the extract, freeinfram any interference and allowing for the
final step of quantitative detection. Following imed development, validation of the

acceptability of the method for application shobdproved.

Researchers at the University of Glasgow startedsiigating 1,4-DMN as a potato sprout
inhibitor in 1975, developing reliable analyticakthods. To date very little information
has been published regarding the analytical metfiadshis polyaromatic hydrocarbon
compound. GC and HPLC are ideal techniques andaremonly used for analysis in the
quality control of PAHs in food and environmentangples (Stanciu et al., 2008).
However, GC analysis of PAHs is subject to therdedomposition and adsorption onto
the GC inlet and column. In addition, GC in combima with FID detection provides
lower sensitivity than with HPLC-UV and in additionis more likely to be subject to
background interferences from the sample matrix €€al., 2009). HPLC in combination
with UV or DAD detection offers high sensitivity thi high specificity. The HPLC-UV
technique is an improvement over the GC methodesimacderivatisation step is necessary
prior to analysis (Kashyap et al., 2005). Theref&tELC-UV was preferred and selected
for this study for the analysis of 1,4-DMN and sedpsently for CIPC and its metabolite 3-
CA.

This study started by validating an HPLC separatmathod for 1,4-DMN using 2-MeN as
internal standard. 2-MeN was selected from theetkfiit isomers and related compounds
due to its structural similarity to 1,4-DMN and @g®od resolution from 1,4-DMN in a
mixed standard solution compared with other isomi&reover, the solubility of 2-MeN

in water is higher than other related naphthalemmpounds, which is important when

investigating 1,4-DMN in waste water.

Testing the HPLC chromatographic system is requioeeinsure system suitability for the
target application. System suitability tests areraegral part of chromatographic analysis
and should be used to verify that the resolutich rproducibility of the chromatographic
system are adequate for the analysis (Krishna,e2@l0). Suitability of the HPLC system
is proved by consistent performance during repmigajections of the standard and high
separation efficiency. Three isocratic RP-HPLC eys for the analysis of 1,4-DMN and
2-MeN were tested using the same mobile phase ntnatien of acetonitrile (70%) and
column, to select the best system for continuing skudy. The three HPLC systems were

used to compare two aspects, including the sammpéetion method and the detector
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sensitivity. Sample injection can be done eithennadly using a manual injection valve or
automatically by an autosampler. In this test, tamitosampler and manual injector were
used. The choice of the detector is one of the ansiderations that should be taken into
account when developing an HPLC analytical methddckv principally depends on the
limit of detection required for the target analylevo detectors were compared, multi
wavelength (Merck Hitachi L-4500 diode array) amdgke wavelength (SpectraSERIES
UV100) detectors. Excellent separation was achieygdg the same chromatographic
conditions with all three HPLC systems but usingaamosampler coupled with a single
wavelength detector system gave the most precsdtsewith lower limits of detection
and quantification for 1,4-DMN. Autosampler injextiis more frequently used in standard
HPLC equipment as it provides better reproducipithian manual injection. Therefore,
this system was selected for quantification of RMN in laboratory and environmental
samples and later coupled with column oven andimgaystem to overcome temperature

fluctuation, to achieve more consistent performance

However, at the time of undertaking this study, supply of acetonitrile was severely
reduced due to the global economic slowdown of 2608009, which resulted in a
shortage of demand for acrylonitrile products. Aodtile is obtained as a byproduct of
acrylonitrile manufacture. Another reason for theortage of ACN is that a major
production facility for ACN in the USA on the Gulfoast was shut down due to damage
from Hurricane lke (Purdie et al., 2009; GaytanQ20 This shortage resulted in raising
the price of ACN in Europe up to 5 fold and redgcthe supply to laboratories by up to
80% (Purdie et al., 2009). Before this shortagetagtrile was commonly used for many
reasons such as, its high polarity, high solubitifymost organic species, relatively low
price and high availability, therefore searchingdther solvents seemed to be unnecessary
(Gaytan, 2009). The shortage of acetonitrile imdosmitations on the analysis of 1,4-
DMN in this study, in addition to a number of otlaralytical methods in different fields.
Therefore, developing another effective methodtl@ extraction and HPLC analysis of
1,4-DMN using an alternative solvent was requiréd. RP-HPLC, the UV cut off
wavelength is an important factor for solvent sedec and should be lower than the
absorbanceémax for the target analytes in order to avoid highKgaocund absorbance.
Methanol was considered for use as an alternativ&GN due to its wavelength cut off
(205 nm), polarity and good solvent properties.efvrisocratic reversed phase HPLC-UV
method was successfully developed for the anabfsis4-DMN and its internal standard
2-MeN using 90% methanol as the eluant with higéolgtion, precision, linearity and
LOD/LOQ. This HPLC method is suitable to apply tdracts obtained in the quantitative
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determination of 1,4-DMN residues in potato samped other environmental samples.
Oteef (2008) developed a method for the routindyarsaof 1,4-DMN residues in potatoes
using an extraction solution mixture of acetoretriR-propanol 7:3 (v/v) containing the
internal standard 2-methylnaphthalene at 50 °Clgomin with occasional swirling. The
extraction solution (ACN/PROP) used in this metia@s found to provide good extraction
efficiency and to be compatible with the mobile &n&@0% ACN. 1,4-DMN in extracts of
potato peel at a low level of 0.005 pug/mL was sssfidly separated and quantified with
satisfactory precision (RSD% of 8.6). In the preéssndy, the method developed for the
separation of 1,4-DMN would need to be tested fdraetion compatibility with these
solvents before using for extracts obtained frorrafmosamples. The same arguments can

be followed for the analysis of CIPC as well.

In reviewing the literature, no validated analytiozethod was found specifically for the
combined analysis of both CIPC and its degradapooduct 3-CA by HPLC-UV.
Unpublished work conducted by researchers at theedsity of Glasgow, developed an
analytical method for the extraction and HPLC asialypf CIPC using ACN as a solvent,
but did not include the analysis of 3-CA. During@ tARCN global shortage, it was deemed
worthwhile to develop an analytical method for theraction and quantitative analysis of
these compounds using IPC as the internal starafadmethanol as the solvent for the
both extraction and for the eluant. Using 62% Me&Hthe mobile phase provided good
separation of all three compounds, 3-CA, IPC an®CClwith a short run time (15
minutes). A short run time is usually required t@algse more samples on a daily basis.
However, one of the problems that were faced dutegdevelopment of this method was
the appearance of an impurity peak (this may haenbcaused by an impurity in the
methanol produced during manufacture or anothenonk source). The retention time of
this peak was close to the retention time of tH@A3peak causing overlapping of peaks
and this affected the accuracy of the quantitatieeermination of 3-CA particularly at

very low concentration<(0.02 pg/mL).

Most often, impurity peaks can be eliminated byimtemance of the HPLC apparatus,
control of the mobile phase composition and av@doontamination of the sample.
Otherwise, identification and control of these peakay become very complicated (Yang
et al., 2010). To overcome the overlapping peaks ashieve high resolution of 3-CA
particularly at low concentration (~ 0.02 pg/mL)e tmobile phase was reduced to 60%,
but this increased the run time from 15 to 20 nesuReducing the mobile phase to 55%,
with a shorter run time of less than 10 minutes p@ssible for the analysis of 3-CA, only
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when there was no CIPC present. This method waslatetl in terms of precision,
linearity and limit of detection and quantificatiaand is suitable for the quantitative

determination of CIPC and 3-CA in potatoes and remvhental samples.

Following development of these chromatographic mesh they were considered suitable
to apply to the analysis of the studied compoumdsoth potato wash water and in

commercial potato samples.

Pesticide residues in food are affected by storhgedling and processing (Gonzalez-
Rodriguez et al., 2011). Washing with water israpartant stage during processing and is
essential to reduce the residue levels prior todruoonsumption and commercial use. One
of the most significant current discussions in plogato industry regarding the application
of potato sprout inhibitors is the concern about tbsidues of these compounds in wash
water effluent and their fate in the environmentadMng treated potatoes during pre-
packing or processing, releases chemical residndsaasociated sediment to washing
water, which may be removed to landfill or discleatgnto watercourses without receiving
any treatment (Park, 2004). Additionally, theremironmental interest in the degradation
products of pesticides (e.g. 3-CA) because theicentration is continuously increasing in
water and soil due to their low degradation (Angebial., 2005). In this case, concern

should be rising particularly if the residues pr#se watercourses are at a high level.

In order to produce a reliable determination oftipetes in wash water samples specific
details are required to evaluate the performancehefanalytical procedure. Prior to
guantitative analysis of 1,4-DMN, CIPC and 3-CAngsi2-MeN and IPC as internal
standards, in real water samples, it was necegeaagsess the influence of laboratory
conditions on the accuracy of measurements. Theo#ity of these compounds in water
was assessed. Because 1,4-DMN and 2-MeN are ptily@yomatic hydrocarbons, they
have low water solubility (11.4 and 24.6 mg/L regpeely). To prepare aqueous solutions
of these compounds, an organic solvent shouldbgstised to dissolve an exact weight of
these materials with which to prepare stock sohstiorhen, an aqueous solution can be
prepared from the organic stock solution (Wolsk#)&. Aqueous standards of 1,4-DMN
were prepared from a stock solution in acetonitsjlecontinuous stirring with a magnetic
stirrer for 24 hours to ensure complete dissolutdénl,4-DMN. Following this same
procedure to prepare water standards, no big diifaxr was found compared to standards
prepared in acetonitrile. Because CIPC and 3-CArmoee soluble in water, standard

solutions of these compounds were prepared bythirdissolving them in water. These
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aqueous standards of CIPC and 3-CA were compargdtivose prepared in methanol.
This showed no significant difference for 3-CA amdery small statistically significant

difference for CIPC. Because of the low water siitybof CIPC (89 mg/L) compared to

3-CA (5400 mg/L), it requires great care in accelsatveighing the small amount of CIPC
needed to prepare a stock solution in water.

For the accurate determination of pesticides irewsamples, all the steps undertaken prior
to the final measurement including sampling, sarppdgparation and extraction procedures
should not affect the actual amount of the pesigitesent in the sample. The sources of
the inaccurate quantitative measurements are valdedorption of pesticides is an
important consideration during the determinationacfite lethal, chronic toxicity and
residue accumulation in agueous systems in additidheir persistence studies in water.
Adsorption of pesticides should be considered wiheir water solubility is less than 1
ng/L (Sharom and Solomon, 1982). Adsorption onte® Walls of glassware and other
devices used for sampling, transport and isolagi@a major process causing imprecise
determination of PAHs in water samples (Wolska,@00ypically, aqueous solutions of
poly aromatic hydrocarbons have very low solubiliynging from mg/L to pg/L, which
again can lead to adsorption problems. In thisystdg4-DMN and 2-MeN showed no
adsorption onto new volumetric flasks but a smdBaaption onto old glass containers.
However, using plastic containers and filters resllin a strong adsorption of these
compounds. In contrast, studying the potential getem of CIPC and 3-CA onto glass
and plastic laboratory ware from aqueous solutfmwed no adsorption of 3-CA and good
recoveries for CIPC with most of these materiatlscdnclusion, quantitative analysis of
1,4-DMN, CIPC and 3-CA in water samples is possismg the selected laboratory ware,
the adsorption of 1,4-DMN onto the filters can beided by using centrifugation.

Pesticide residue measurements are required tblisetanaximum residue limits (MRLS)
and subsequently for enforcement purposes andiétargl intake assessment. The MRL
can include pesticide metabolites and photolysmdpets which have similar toxicity
properties to the parent substance (Gonzalez-Regirigt al., 2011). In 2009, a document
(SANCO-4967-2009-rev-3) relating to European Comities1 Commission regulations set
out the foods to be sampled and the product/pdsticdombinations to be tested during the
years 2010, 2011 and 2012. The text related tapidpham stated that chlorpropham and
3-chloroaniline should be combined and expressezhlaspropham. It was recommended
that the MRL for CIPC was to be 10 mg/kg in potssmnples and this should include its
metabolite 3-CA (European-Commission, 2009). Treerefin order to assess the residues
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of CIPC and 3-CA, it was necessary to develop blataprecise and rapid analytical
methods permitting good extraction and interferenee quantification that can be applied
to large numbers of samples daily. The routine oettised at the University of Glasgow
for the determination of CIPC in potato sampledased on Soxhlet extraction using
hexane as the solvent, rotary evaporation and G&Cef€tection. Another simpler method
based on a soaking extraction using acetonitriléhassolvent coupled with HPLC-UV
analysis is also used. These two methods are fidated for the determination of 3-CA.
As the HPLC-UV method provides greater sensitititgn GC-FID analysis, without the
need for extract concentration and further clearsteps, this method was investigated for
residue determination of both CIPC and 3-CA usimgiernal standard of IPC. In
addition, to overcome the problem of the acetdaitshortage, methanol was tested as a

replacement for ACN as both the extractant solaentthe eluent as discussed earlier.

CIPC as an organochlorine pesticide is non-systg@ianciu et al., 2008). It can not
penetrate into the potato tuber and mainly remainsthe peel surface, its potential
absorption depends on the formulations, lipophiyliaind the active ingredients. Therefore,
for the extraction of CIPC residue, the potato el be taken to represent the residue in
the whole potato tuber.

A new methanol-soaking-HPLC analytical method wegetbped through overnight (~ 16
hours) soaking of chopped potato peel (5 g) in arah (20 mL) used as the extracting
solution containing IPC as the internal standarte Extract was filtered and finally
analysed by HPLC. This method was validated in $ewh the limit of quantification
giving values of 0.01, 0.05 and 0.02 mg/kg in theole tuber for CIPC, IPC and 3-CA
respectively (using organic potato peel extrackhie Tion-appearance of CIPC and related
compounds in the extract of organic potatoes waseahson for selecting organic potatoes
for the purpose of this study. The presence of CH#M@ related compounds and co-
extractives from the sample can affect the chrogragghic analysis in significant ways
causing difficulty in the identification and quaative determination of the studied

compounds.

The accuracy of the new method was measured thraugkcovery study by spiking
organic potato peel. This gave high values of up@® for both CIPC and IPC at three
spiking levels 0.8, 8.0 and 80 pg/g. 3-CA showeexpected results of very poor recovery
(< 23%). In particular, no peak was detected atldineest level (0.8 pg/g) of spike. This
low recovery of 3-CA was for a peel spiking timeja$t one hour. Increasing the contact
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time between the analyte and the matrix may resulh much lower recovery of the
analyte. The recovery of an analyte from spiking iiatrix under laboratory conditions for
known times is unlike real samples under commest@e conditions. In spiked samples,
the analyte may well not reach equilibrium wher#des analyte in commercial samples
may do, taking into account the long time betwepplieation and analysis. Thus, the
recovery from treated potato samples is expectebetdower than that from spiking

organic peel samples.

The methanol-soaking-HPLC method was compared Satkhlet-GC which is a standard
method for residue determination of CIPC in comnaérpotato samples within the
University of Glasgow laboratories. The new metlpodvided higher efficiency through
the soaking extraction procedure (23% higher) théh Soxhlet extraction. There are
many differences between the two extraction metrgdsh as: the weight of the peel
sample, extraction procedure, extraction time axtaeting solvent. Soxhlet extraction
involves many steps that may be a major sourcén@fréason that results in the lower
extraction residue. Analysing the same extractsveedrfrom the Soxhlet extraction
showed that the HPLC chromatographic techniqueigealvhigher values (13% higher)
than that for GC analysis. This can be interpretedifferent sources of CIPC loss during
preparation of the extract for GC analysis inclgdithe rotary evaporation, volatilisation,
transfer of the extract and inadequate rinsing hid extract flask with the solvent

(incomplete quantitative transfer).

The advantages of the methanol-soaking-HPLC metlerd as follows: the small volume
of methanol solvent required, reduced number opssten sample preparation and
extraction and the analysis of a larger numberatgo samples daily (~ 20). However,
this method showed poor recovery of 3-CA. Analysistreated potato samples from
commercial stores by application of this methodvet high residues of CIPC, some of
which exceeded the MRL. High residues of 3-CA walso found and importantly, this

was in spite of the low recovery of the method.

The low recovery of 3-CA was attributed to incontpl@xtraction and non-extractable
bound residues within the potato peel matrix. Mvedl known that plants can incorporate
pesticides and their metabolites into bound andexractable residues. These residues
resist solubilisation in common solvents and arerefore not accessible to standard
residue analysis (Sandermann, 2004). The non-eixtnacf the chemical residue from the

sample matrix depends on its chemical properties raactive functional groups, time
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course of binding, environmental factors influegcihinding rates, binding sites and
mechanisms and the extraction procedure (Skidmioat,e2002; Roberts, 1984). Aniline
compounds and their derivatives have a high pakmtisorption and form significant
amounts of non-extractable residues in plants (Rep2984). The understanding of this
binding process and non-extractable residues iglear due to the complex structure of

the plant matrix.

To improve the extractability of 3-CA from the pttgoeel, many attempts were conducted
testing different potato varieties, solvents, esticm methods, spiking times and different
parts of the potato tuber. Four mechanisms wergesigd for the low recovery including
volatilisation, reaction with potato componentszynatic activity and ion exchange
binding related to pH. The possible loss of 3-C/A da volatilisation during the spiking
period was proved to be unlikely to occur under éRperimental conditions, despite the
high vapour pressure of this compound. 3-CA asramatic amine contains an amino
group which may cause high binding with potato mRatnolecules. Pesticides are
incorporated into plant tissues through proteiiggihs, pectins, hemicellouses and cutins
by covalent or non-covalent bonds (Sandermann, )20Pdctins contain ester groups
which can react with the nitrogen amino group ofloddaniline by nucleophilic
substitution. It was reported that 3-CA can be ¢tgperised into the lignin, the
hypothesised mechanism was an addition of this ocomg to a quinone methide
intermediate (Roberts, 1984).

In the present study, the recovery of 3-CA was e&sed when spiking glucose in the
presence of water; this suggested that a Schi#f beection or hydrogen bonding might be
occurring between the carbonyl group of glucosetaedamino group of 3-CA. However,
direct contact between aqueous solutions of 3-CAh vather solutions of possible
chemicals present in potato showed no loss of 3-CA.

Another possible explanation for the poor extractiof 3-CA was suggested to be
enzymatic activity of the polyphenolase enzyme egitlby direct breakdown and
oxidisation of 3-CA or by a Schiff base reactiontloé amino group of the latter with the
quinone products of PPO enzyme activity. Treatiogo juice with antioxidants (ascorbic
acid and sodium dithionite) or heating to reduce alativity of the PPO enzyme prior to
spiking with 3-CA, showed excellent extraction reexy compared with spiking untreated
juice. This may suggest a considerable role of ewdic oxidation in the poor

extractability of 3-CA. Enzymatic inhibitors, eithas antioxidants or used to lower pH
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showed an improvement in the extraction of 3-CAnfrpotato peel also. However, the
higher acidity of sulphuric acid seemed to havesaterably effect in enhancing the

extraction of 3-CA from potato peel relative toiaritdants.

This role of acidity cannot be interpreted to iolegange, as the pkof 3-chloroaniline is
3.52, meaning that this compound will be presentttes nonionic species in the
environment. The acidity seems to be a direct effiethe pH of the extracting solution of
3-CA. It was also observed in unreported work iis g8tudy that the lowest adsorption of
3-CA onto the potato peel in aqueous solution, mecuat low pH. Using the high acidity
of sulphuric acid combined with methanol as therasting solution for spiked peel
improved the extraction recovery. Additionally, ®matic solvent trials may be useful for
various unextractable residues in plant (Sanderpi2004). It was reported in one study of
the non-covalent bound residue of chlorpyrifos-rngetin wheat grains, that the bound
residue was not solubilised by water or methanaht{iMews, 1991). Optimisation of the
composition of the methanol and water mixture fouhdt 50% aqueous methanol

solubilised 86% of the bound residue.

In the present study, optimising the extractioncpoure and selecting 1 Mp8EO, in 50%
methanol, at a temperature of 50 °C for a 24 hatraeting time achieved a recovery of up
to 85%. No equilibration was reached at 24 houticlvmeans that higher recovery may
be obtained using a longer extracting time. No kaean of CIPC was occurred under
these extraction conditions. This simple extractimethod can be suitable for the
determination of the residues of both 3-CA and CliG potato samples.

Appling the final method to commercial treated pmtsamples showed residue levels of
CIPC lower than the MRL. The high residue of 3-Giettted might be attributed to thermal
degradation during application, particularly assth@otatoes received many treatments of
CIPC from a solid formulation at 450 °C using mgiigles. Microbial degradation may also
take place as these potatoes were stored for apgengd of time. However, analysis of
potato samples from two different stores (at betw&end 10 °C) which had received the
first application of CIPC at high (450 °C) and Iq&70 °C) temperatures showed no
significant differences for both CIPC and 3-CA dess. A second application at a lower
temperature showed a significant increase in tlsedwe of both compared to the first
application. This indicates a possible build up rotrme and with repeated application,
microbial degradation of CIPC to 3-CA can also kpeeted due to the length of storage

time.
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Brajesh and Ezekiel (2010) found a correlation leetwthe number of CIPC applications
and the residue of CIPC remaining in potato tub&ne residue of CIPC was determined
in tubers (using HPLC analysis) after first andosek application of dust and aerosol
treatments at storage temperatures 10 and 12 %reBidue of CIPC in peel after the first
dust application was high and declined during tloeagie period but increased after the
second dust application. In this study, the resmfu€IPC from the first aerosol application

was 20 — 82% higher than from dust application witbre effectiveness. There was a
decrease in the residue during the storage penddleen an increase in the residue level
immediately after the second application of CIP@e highest residue level determined in
the peel was 20.17 mg/kg fresh weight, whereas hasvyconcentrations of CIPC (ranging

from 0.05 — 0.24 and 0.29 — 1.13 mg/kg respectjveigre found in peeled and unpeeled
whole tubers (Brajesh and Ezekiel, 2010).

It should be noted that some of the applied CIPE€hkmlost from the potato tuber due to

volatilisation, but as found in this study thisist the case with 3-CA.

An implication of the findings in this study is thidne presence of 3-CA in potato stores
might be a big concern for the potato industry. Tdw recovery of 3-CA from potato
tuber (< 10%) should be taken into account, pddrty this was the recovery when the
contact time is only one hour under laboratory ¢imas. Repeating the application of
CIPC during long storage periods may lead in a nhigher formation of 3-CA and high
binding to the potato tuber and subsequently mogket extractability of this aromatic
amine compound. Thus measurements of 3-CA by thd similar methods will be

underestimated, especially at long storage times.

7.2 Recommendations for future work

Some investigations are recommended for furthekweluding:

The chromatographic methods developed for the agparof 1,4-DMN will serve as a
base for future studies to analyse the extract fpmtato and environmental samples or
development extraction methods using methanol @&s ektracting solvent and it is

compatible with the eluent.

The impurity peak was one problem found in thislgtwhen testing different batches of
methanol. More investigation is required to idgnttiis impurity peak. Mass spectrometry
analysis may be one of the suggestions to deterwina¢ the solvent impurity is.
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Information should be available on the residuehefdtudied compounds present in potato
washing water during processing. Detecting thellef¢hese chemicals that run off into
watercourse is very important due to their poténigk in the environment and aquatic
systems. The allowed residue level of these chdsninavatercourses should also be set
out. Therefore, studies are required to assest fhme level of the residue of these
compounds in wash water and the associated sedipeitularly as these residues may
be adsorbed on to solid particles. Additionallys@gbtion of these compounds on potato

samples and sediment in aqueous solution showdalnvestigated.

The high cost of acetonitrile and adsorption ofMN on plastic and filters were major
obstacles in the research to determine the presemmentration of this compound in
water samples. Because this investigation is wveportant, further work is recommended.
The glass materials are acceptable to use in fexperiments and the slight loss of 1,4-
DMN due to adsorption can be controlled by applyiteaning procedures using: Decon
90, 1 M NaOH, 1 M BSO, and ACN. However, plastic materials should be @®di To
find a means to filter the sample, possible altivedilters can be tested such as PTFE,
nylon, cellulose nitrate, mixed cellulose esterd palycarbonate. Centrifuging using glass
centrifuge tubes may be acceptable but attenti@uldhbe given to ensure there is no
plugging of the HPLC column. Using a very largewnk of sample solution to saturate

the adsorbed sites of the filter may also be prakti

The dietary risk of pesticides and their metabslitannot be assessed if their residues are
bound, thus raising issues regarding the toxicakdgignificance of these bound residues
(Skidmore et al., 2002). Binding of 3-CA to potaamples which could be serious for
human consumption is the main problem identified added to the knowledge by this
study. The bound residue of 3-CA on potato samipdasnever been investigated before, so
the actual amount and the mechanism behind thiadoesidue in these samples are still
poorly understood hence further investigation igureed. Radioactive labelling is one

suggestion for understanding this binding mechammspotato peel.

Degradation of CIPC to 3-CA during application imajor concern for the potato industry
in the UK; hence improvement in its applicatiomaguired. The effects of many factors on
the residue of both CIPC and 3-CA in potato sampglesuld be investigated further,
including: fogger temperature, material of pipefaces, CIPC formulation, rate of CIPC

application, number of applications, store condsgi@and storage time.
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Additionally, the possible microbial degradation@PC to form 3-CA during storage is

another issue that requires more investigatioretcelolved.

To study the distribution of 3-CA in potato storegmples from different places in the
store should be taken and analysed. The distribuwtfd3-CA within potato tubers should
also be investigated, analysing different layerd different sites within the potato tuber.
In addition, the availability of 3-CA as a result thermal degradation of CIPC during

cooking or frying is a worthwhile issue and mustdieen into account.
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Determination of the Potato Sprout Inhibitor
Chlorpropham and its Metabolite 3-Chloroaniline
In Potato Samples
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Abstract

A simplified method based on soaking overnight amtion coupled to HPLC - UV analysis was
developed for the simultaneous determination ofrdsdue levels of the potato sprout inhibitor
chlorpropham (CIPC) and its metabolite 3-chloraaril(3CA) in potato samples. The method
gave values approximately 25% higher when compaittda standard Soxhlet —-GC method. The
results of spiking different layers from the potaiber showed a high recovery of CIPC (> 95%) in
all layers but the recovery of its metabolite 3CAsAower than 50% in the pith and 5% in both
cortex and skin.

Introduction

Chlorpropham (CIPC) is the main pesticide used a&praut suppressant in the UK to
prolong the storage period and maintain the qualitstored potatoes. Degradation during
CIPC application in the store by thermal foggindater microbial breakdown &IPC on
the potato during storage can produce 3-Chloraani{BCA) (Nagayama aridikugawa,
1992; Worobey and Sun, 1987). For human risk ass&#s there is aoncern over 3CA
which has a formula similar to a well-known cargeaic compound4-chloroanline.
Moreover, 3CA is recognized to be a toxic waterlygaht and harmful to aquatic life
according to European Community pollutant Circidar 90-55 (1990). From 2007, the
maximum residue limit (MRL) for potatoes treated GYPC is fixed at 10 mg/kg for
human consumption. Recently the European Commar@i@nmission recommended that
both 3CA and CIPC are included in the maximum mesikkvel value from 2011(SANCO,
2009). Therefore, determination the level of 3CApiotatoes is very important for the
potato processing industry. The main objectivend work was to develop and validate an
analytical method to extract and analyse both C#P@ its metabolite 3CA residues in
stored potatoes tubers that have been treatedCAREG.

Modern Fungicides and Antifungal Compounds VI
© Deutsche Phytomedizinische Gesellschaft, Braumeidh Germany, 2011
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Material and Methods

Analytical grade reagents were used in this stu@gtoropropham (purity 95%) was
supplied by Sigma, 3-chloroaniline (99%) was ol#difrom Aldrich, and propham from
Riedel- de Haén (Sigma-Aldrich). Methanol and Hex#rat used were HPLC grade.

The HPLC system comprised a GILSON® 23tasampler, Cecil 1100 Series
pump, Phenomenex® ODS-2 250 x 4.60 mm Sphereclone column, and Thermo
Separation UV100 detector at 210 nm coupled withnBkx Peaknet software. An isocratic
method was employed with 62% (v/v) methanol as eqgihase at a flow rate of 1.5 ml/m,
20ul sample injection volume, and chromatographictiome 15 minutes. GC analysis was
performed on a Hewlett Packard HP 5890A coupled Edame lonization Detector (FID)
with HP 7633A auto sampler unit and DB-1 column (800.53 mm i.d., 1..um film
thickness).

The procedure of soaking extraction meétmvolved peeling the potato, chopping
the peel into fine pieces and mixing to obtain mmbgenous sample. A 5g peel sample was
weighed into a 100 ml screw top jar, then 40 mllraabl containing the internal standard
10 pg/ml Propham (IPC) was added as extracting solwiwh left to soak overnight (~ 18
h) at room temperature. Next day, the extract weesdd and transferred into HPLC vials
through syringe (2 ml) and Quth PTFE membrane syringe filter.

The soaking — HPLC method was validated eompared with Soxhlet extraction
which is the standard method at University of Gtagg This standard method was
performed on the remainder of the peel for eaclertwthich was placed into a Soxhlet
thimble that contained 10 g sodium sulphate thermaeted with 150 ml of hexane for 2
hours. The extract was then concentrated to 1 mbus rotary evaporator, and 2QDof
1000ug/ml Propham (IPC) added and the volume was made Bpnl for GC analysis.

Determination of pesticide residue and its metabaoh potatoes samples

The soaking-HPLC method was applied to determieeréisidues of the parent pesticide
and its metabolite. Randomly, 30 potatoes tubers welected from the bags obtained
from UK processing stores that had received ClPdicgtion.

Spiking organic potato with the pesticide and ietabolite

In order to compare the recovery of CIPC and 3QAnfithe various layers of the potato
tuber: skin, cortex and pitl2.5g of each layer of the organic potato tuber sygked with
20Qul of a mixture of 10Qg/ml CIPC and 3CA and left for 1 hour, then 20 ndthanol
containing Lig/ml IPC was added prior to extraction by overnigeiking.

Results and Discussion

A robust method based on reversed phase HPLC withiélection coupled with soaking
overnight extraction was developed for the sepamatind determination of CIPC and 3CA
in potatoes extracts. Applying optimum chromatograpconditions achieved a best
separation of chlorpropham, propham, and 3-chlalioanat the retention time (~ 12, ~ 6,
and ~ 4 minutes respectively).
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Chlopropham Determination

The limits of detection (LOD) and quantification@Q) for the soaking- HPLC method
were determined by ten replicate injections (n=di0a 0.05pug/ml mixture of CIPC, IPC
and 3CA prepared in an extract of organic potat@DLand LOQ of CIPC, IPC and 3CA
reported low values (0.002, 0.015, and 0.002) @.00051 and 0.005) mg/kg respectively.
To validate the soaking-HPLC method, it was comgasith a standard Soxhlet — GC
method as shown in Figure 1. The regression lirmvshgood correlation between the
CIPC residues in potato tubers analysed by botihadst however, the soaking — HPLC
method gave results approximately 25% higher thaxhfet — GC standard method. This
difference can be attributed to the time of extoactand the higher polarity of the
methanol compared to hexane.

30
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Figure 1: Shows the correlation between CIPC extract by nmethsoaking extraction- HPLC analysis
and hexane Soxhlet extraction- GC analysis.

Determination of pesticide residue and its metdaboh potatoes samples

The developed method is easy to use, efficientiaexpensive, therefore it was applied to
determine the residue levels of the parent pesticidorpropham and its metabolite 3-CA
in treated potatoes. The results of residue lane®® individual potatoes were in the range
(1.16-24.79) and (0.06-0.34) of CIPC and 3CA reipely, although, 3-CA was not
detected in some tubers. From the residue resdteg samples of potatoes exceeded the
MRL level of CIPC but they may have been treatezbmély. This variability of residue
concentrations of CIPC and 3CA can be attributedartous factors related to the storage
conditions, storage time, potato location in tharest circumstances of CIPC application
into the store, peel sample preparation and thaexn process (Paek al.,2009).

The recovery of CIPC and 3CA from spiking diffedagiers from potato tuber
The recovery efficiency of soaking—-HPLC method@PC and 3CA from spiking
different layers of the potato tuber produced higgovery of CIPC (> 95%) in all layers

but the recovery of its metabolite 3CA was lowearttb0% in the pith and 5% in both
cortex and skin as shown in Figure 2.
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Figure 2: Shows the recovery of CIPC and 3CA from spikindedént layers of potato tuber.

The low recovery of 3CA could be due to bindingimstability of 3CA with the potato
tissues. Moreover, to the changes in the structisglles and biological materials for these
various layers within the potato tuber tissues toatid lead to difficult extraction of 3CA
as explained by others (JMPR, 2001; Sitllal., 1981; Worobeyet al, 1987). From this
poor recovery of 3CA found particularly from spigipotato skin and cortex which less
than 5% recovery, it can be concluded, the resiclugcentration of 3CA represents
approximately 5% of the actual amount present enpgbtato tuber treated with CIPC, and
this low recovery is due to incomplete extractidherefore, further work will be required
to find a suitable way to improve the extraction3e€A from the potato tuber to obtain a
higher recovery and investigate possibly losseésGRA from spiked potatoes.
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Extraction of residues of chlopropham and its metabolite 3-
chloroaniline in treated potatoes using various methods

N 8 MOHAMMED, T H FLOWERS and H J DUNCAN

Environmental Analytical Chemistry, University of Glasgow G12 8QQ, Glasgow, UK

ABSTRACT

In the UK the potato industry needs to store large quantities of potatoes. The major
concern is sprouting during storage, which causes for deterioration in quality.
Chlorpropham (CIPC) is the main sprout suppressant chemical used and is applied
as a hot fog to the stored potatoes. However, residues of CIPC and its main
breakdown product 3-chloroaniline (3CA) can be found on the treated potatoes. For
human risk assessment, there is concern over 3CA. Recently, the European
Communities Commission set a maximum residue level value of both 3CA and CIPC
to come into force from 2011. Therefore, a method is required to extract and estimate
the residues of both Chlorpropham and 3-Chloroaniline in potato samples.

Methods for analysing CIPC are well documented but not for 3CA. In our previous
work, a simplified method was developed and validated to extract and analyse CIPC
based on soaking ovemight in methanol coupled to HPLC - UV analysis using 62%
methanol as eluent. When applied to potato skin spiked with CIPC and 3CA the
results showed a high recovery of CIPC (> 95%) but the recovery of its metabolite
3CA was less than 5%. The reason of this poor extraction was thought to be the
binding of 3CA to potato skin due to a positive charge on the 3CA molecule. To
overcome this, potatoes were extracted by soaking in a 50:50 mixture of methanol
and 1M H,S0, for 24 h. Experimental recoveries (n=5) at a spiking level of 8 mg kg
were above 60% and 80% at ambient temperature and 50°C respectively.

The final part of this study was to look at potato samples taken from UK stores at
the end of the 2009-2010 storage season. The potato skin was extracted applying
three different methanol-extracting solutions for 24 h (100% methanol at lab
temperature, 50% methanol in 1 M HSO4 at lab temperature and at 50°C). The
results showed high residue levels of 3CA using acidified extraction at 50°C while the
residue results for CIPC were unaffected. No samples exceeded the MRL level for
CIPC (10 mg kg™). Further studies at the start of the current storage season are
comparing the formation of 3CA using high and low temperature fogging at two
temperatures (450°C and 270°C) and application rates of 14 and 12 g tonne™
respectively.
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