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SUMMARY.

The principle of this thesis concentrates
particularly on developing a simpler method of
determination of glyphosate at residue level with the
emphasis on clean-up procedures. The difficulties of
obtaining a simple method of quantitation of this compound
are mainly due to its properties; its relatively high
solubility in water, its insolubility in organic solvents
and its complexing behaviour. These characteristics are
quite similar to compounds naturally existing in plants or
crops and thus make it difficult to isolate from these
matrices. Its properties were investigated in detail in
order to predict its behaviour more accurately. The work
can be sub-divided as follows :

1. A brief discussion was made of the chemistry of
glyphosate and the difficulties involved when it 1is
quantified by GC or HPLC mainly because of the
derivatization problem involved. The current methods of
determination of glyphosate residues in various matrices
were also presented as a reference. The Jjustification of
the choice of food crops as a key study were mentioned.
2. Analysis of glyphosate residues in a tuber food crop
(potato).

The main aim of this work was to develop a simple
clean-up procedure for the determination of glyphosate
residues in food crop (potato) that could be used for

detection both by GC and HPLC. It was found that

(vii)



determination by GC especilally with an EC detector
involved simultaneous esterification and acylation and was
not suitable for this purpose mainly because the
derivative retention time was relatively short and easily
masked by the impurities. Due to the glyphosate
solubility behaviour, HPLC was advantageous over GC and
was chosen for all subsequent detection.

Simple clean-up procedures were developed for the
determination by HPLC and pre-column derivatization was
preferred because it was less complicated than
determination by post-column derivatization.

All types of Bond-Elut small cartridges ranging from
non-polar to anion exchange were not effective in
retaining glyphosate from potato extracts, although anion
exchange cartridges could strongly retain glyphosate
standards.

A mixture of semi coarse and powdered forms of
activated carbon was found to be useful as a clean-up
material to adsorb impurities from the potato extract.
Recovery was found to be 53 % at 0.1 ppm sample and up to
92 % at 10 ppm sample with the limit of detection at
0.05 ppm. This could be considered a reasonably good
recovery and a good alternative procedure to those
currently employed.

3. The translocated effect of glyphosate to the tuber
crops was simulated by spraying it onto the plant leaves
of a tuber crop (potato). The physical effects on the
tubers were observed under normal storage conditions.

Results showed that sprout lengths were reduced, number of

(viii)



eyes open and rotting increased with increasing rate of
glyphosate application. The residue content in the tubers
also increased with increasing amount of glyphosate
applied.

For the assessment of the injuries caused by
glyphosate, all the above parameters could be taken into
consideration. However better accuracy could be obtained
if the rotting effect and glyphosate residue were used as
references. If the rotting effect was to be used for the
assessment all the possible diseases should be determined
first in order to avoid the difficulty of differentiating
their symptoms.

Field growth performance indicated that all the
treated tubers were affected by glyphosate even at the
lowest treatment level (0.09 kg/ha glyphosate). Tubers
from the lowest treatment level did not show any
significant difference compared with controls in terms of
sprout length, number of eyes open, rotting and residue
level during storage. From this work, residue levels of
0.1 ppm or above had a decided effect on subsequent
growth. Treatment with » 0.36 kg/ha glyphosate which gave
significant effects during storage did not produce any
healthy plants or daughter tubers when planted out.

4, A small comprehensive exercise on the determination of
glyphosate in barley grain was undertaken. Adaptations of
the experiments in chapter 2 were applied. It was found
that anion exchange Bond-Elut cartridges could retain
glyphosate in barley extracts better than in potato

extracts. However its recovery was still relatively low
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to enable its use as a clean-up material.

A chelating resin was also tried to retain glyphosate
from barley extract. Its recovery was 52 % at 1 ppm and
42 % at 0.1 ppm level. Formation of gel during the
extraction could reduce recovery and attempts on how to
eliminate it were also mentioned.

5. Complexing properties of glyphosate that had been
utilised in the residue analysis in chapter 4 were studied
in further detail. Attempts to determine complex
stability constants for glyphosate with aluminium and
iron(111) were tried in perchlorate (inert) medium. It
was found that glyphosate formed a stable complex with
aluminium and its log stability constant was 13.04.
Glyphosate and iron(111) formed a precipitate in this
medium. However, glyphosate and iron(111) did not form
any precipitate in a nitrate medium. Preliminary
experiments were performed to suggest the composition of
this precipitated compound.

The environmental implications of the above
experiments including glyphosate chelating properties were
investigated especially in relation to the deactivation of
glyphosate in the environment. Thus the fate of
glyphosate in the environment could be further explained
and predicted especially that which related to its
herbicide residual activity.

6. Some conclusions as to the outcome of the studies were
drawn. The implications of the above studies were
discussed and some suggestions for further investigation

were also highlighted.



A list of abbreviations used in this thesis.

AAS atomic absorption spectrometry
ca. circa (about)

cm centimetre

cv. cultivar

ar degrees of freedom

ed(s). editor(s)

et al. and others (authors)

g gram

GC gas chromatography

ha hectare

HPLC high performance liquid chromatography
i.e. that is

kg kilogram

1 litre

LSD least significant difference
'm metre

M molar

meq milliequivalent

ng milligram

min. minute

ml millilitre

ng nanogram ( 1072 gram )

ppm part per million

ug microgram ( 1076 gram )

ul microlitre

no. number

ns ' not significant
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statistical probability

second

standard deviation

namely

percentage
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CHAPTER 1.

INTRODUCTION.

1.1 BACKGROUND.

In world agrochemical terms, herbicides have the
highest sale value where its stake was around £ 7200
million or 40 % of the world sale in 1984, Other
agrochemicals such as insecticides, fungicides and others
were around £ 5940, 3780 and 1080 million respectively (ICI
Plant Protection Division,U.K.).

The herbicide glyphosate sold commercially as
Round-up, is a post-emergence non selective herbicide,
introduced in 1971. It is being sold to more than 119
countries and is labelled for use on more than 50
agricultural crops and industrial sites (Grossbard and
Atkinson,1985). It is a translocated herbicide along with
other herbicides introduced earlier such as 2,4-D,
aminotriazole, asulam and dalapon which are also in this
group (Hassall,1982).

Glyphosate is a popular choice because it exhibits
many unique biological properties including the
following :

i . There is no other commercial herbicide available
which exhibits such diverse utility and efficacious
performance in the control of almost all annual,

biennial and perennial grassy and broad leaf weeds.



It effectively controls 76 of the world's 78
worst weeds (Franz,1985).

ii. It does not sterilize treated soil and is readily
metabolised in the soil by microorganisms to natural
products (Sprankle et al.,1975; Rueppel et al.,
1977) .

iii. It is relatively non-toxic to other life forms.

LD50 = 4300 mg/kg for rat (EPA,1982a).
ive There is relative low risk of environmental

pollution (Miles et al.,1986).

The properties that make this compound effective
include its relatively high water solubility, rapid foliar
absorption and translocation by plants and a low degree of
in vivo metabolism and degradation (Guinivan et al.,1982).

The unique herbicidal characteristics of glyphosate
are surprising and could not have been predicted
especially at the beginning of its discovery. It has high
unit activity. Since the discovery of glyphosate's
unique herbicidal activity, hundreds of derivatives,
homologues, analogues and related compounds have been
prepared and evaluated in suitable screens. All
analogues, homologues and iscesters of glyphosate lack
similar types of activity. The results generally indicate
that glyphosate acid and its water soluble salts were the
compounds of highest unit activity (Franz,1974).

Due to the limited solubility of its acid in water,
1.2 % at 25°C (Anon, 1971), soluble derivatives were

preferred for formulation purposes because the free acid



is inconvenient to use. For commercial formulation, the
monoisopropylamine salt with a wetter of undisclosed type
were used. It is commonly recognised that glyphosate and
its ionic forms are biologically equivalent.

Glyphosate or its chemical name N - (phosphonomethyl)
glycine is a white crystalline solid. In the solid state
it exists as a zwitterionic species (Knuuttila and

Knuuttila, 1979).

0 H 0

\ |, l
Cc - CH2 - N - CH2 - P - OH

/ | I

HO H 0

Glyphosate in solid state

In aqueous solution one hydrogen atom alternates
between the phosphono and amino groups at such high
frequency that its location cannot be determined.

Glyphosate acid has low solubility in water, 1.2 to
8 % at 25 - 100 °C and is insoluble in organic solvents.
This is due to its strong inter molecular hydrogen bonding
in the crystalline lattice (Knuuttila and Knuuttila,1985).
It was found that pure glyphosate was stable for many
years in distilled water or in 1 M HC1l at room
temperature. Spray solutions of formulation product
Round-up, stored in glass bottles at room temperature, did
not change noticeably in 7 months. The tendency to
hydrolytic decomposition was also low or non existent

(Friedstad,1978).



It has an acidic property in water where the pH of a
0.0067 M solution of glyphosate in 0.05 M KC1l is 2.5.
Complete conversion of glyphosate to monoanion, dianion
and trianion occurs at pH values approximately 4, 8 and 12
respectively (Wauchope,1976). These indicated that at
least the alkali metals can form mono, di and tri - salts.
Although glyphosate is acidic in water, it also has an
amphoteric nature where 1t will dissolve in strong acids
to produce salts with negative pKa values and crystalline
hemisalts have been isolated (Franz,1974).

Glyphosate possesses distinctive properties compared
to most other pesticides especially when it is dealt with
at low residue levels. This compound is closely related
to the exceptionally polar ones in which its
characteristic is relatively high solubility in water but
insoluble in organic solvents.

There has been significant interest in recent years
in analytical residue methodology for glyphosate as a
result of the increased usage of this herbicide (Cowell et
al., 1986). For quantitation of this compound, problems
arise because of its solubility properties. It needs to
be extracted with water and in an aqueous mixture the
compound is normally difficult to clean-up and converted
to a volatile molecule for Gas Chromatography analysis
(Guinivan et al.,1982).

Three functional groups of glyphosate, phosphonic
acid, carboxylic acid and secondary amine also give
problems for derivatization, especially to produce more

volatile compounds for the purpose of gas chromatography



analysis. Glyphosate could not be analysed especially at
residue level without any derivatization due to the above
mentioned properties and also because it is ultraviolet
inactive even at 200 nm and it lacks a conjugated system
for fluorescence detection (Bardalaye et al.,1985).

Various approaches to the analysis of glyphosate at
residue level mainly rely on derivatizing partly or all
its functional groups. Most of the work has been hampered
by the fact that glyphosate is only soluble in water.
This characteristic makes conventional acylation and
esterification reactions which are typically performed in
anhydride - acid mixtures and ethyl ether respectively
(Blau and King,1978) slow or in some cases impossible to
perform. The derivatization is further slowed down for
the residue sample because some substrate co-extractives
may form a film at the bottom of the reaction vessel
restricting reagent - reactant contact. Some attempts
have been made to fully solubilize glyphosate for
derivatization using conventional solvents but this has
been unsuccessful (Bardalaye et al.,1985).

The currently known methods of analysis for
glyphosate especially at residue level, namely gas-liquid
chromatography (GLC) with flame photometric detector (FPD)
or electron capture detector {(ECD), gas chromatography/
mass spectrometry (GC/MS) with flame ionization detector
(FID), high performance liquid chromatography (HPLC), thin
layer chromatography (TLC) etc. are summarized in

table 1.2.



*(¥86T)
J3TARO]

pue uoy

1 Adusayd
-OW’I9qTe8

*(Z86T)
IST99UM
pue
uosdwoyg
‘UBATUTND

(LL6T WY¥d)
03 UeSUOR

20UaIs3°2Y

*(%L8 --08)
wdd T°0
‘snbeaedse pue
ITNIF TMTH

*(%T9-€¥)
‘wdd T10°0
4 saTII=sq 9anid

*(%09-6%) wdd T°0
f+*p39/I193eMTTOS
‘senssST3} JewTue
‘sdoxo pooJ

umouy TI®e 3ISOUTY

* (AxaA009X)
119497
‘uoTaeotr1ddy

*o3esoydi1H Jo sTsA{rue I10J SPOYUISON

add

asd

add

uoT3oe3ad

*punodwoo
PSZTI3IRATIOD

I03 OTIdH" €
*Audeab
-03BWOIYD
uoTieaUW

-I9d 199°¢
*uTssx
sbueyo

-X3 UOTUVY°T

*I93s2 [&3sde
oxoniJITIl
=N-TAU3ISK

*uwnioo
abueyoxa
uoT3ed* ¢
*Auydeab
-03RWOIYD
uoTj3E”aWIS]g
I°D°¢
butuoTizaed
PTnbTT
-pPTNbTITI" T

*I93sa T4&A1k3ng
ozoniiezdsy-N
-T4yasoao1ys-¢

‘ursax
oburyoxs
uoTu®e
buoxasg- ¢
*TeodeyD* g
*utsalx
sbueyoxs
UuoT3®ed
buoaizs- 1

* 19389
143890® oaontJg
-TI3-N TAU3ISKW

UOT3RZTIRATIDQ dn-uea1Dd

¢°T °1del

*2INIXTH
WIOJFOIOTYD
Is3eM

- 197eM

TIS3eMtC

*S]UDATOS
oTuebio
Yy3iTtm uotly

-0BI3X9-01d°T

JuUe30RIIXA

OIdH/D9

oD

05

POUISNW



*(L86T)
STOYUaTY
pue
eI3SUIN]

(986T) ‘" T®
39 TT19MOD

“(€86T)
I2I9UDS
pue
SOTTHW!24A0ON
*(086T)
uyor-31s
pue 9A0OR

*(6L6T)
SUTHWO,
pue suing

*(v86T)
dnxlaqg
pue SA0OHN

*(9L6T)
TOAIEN

pur eqng
4+ 1o2ddeny

*(%08) wdd Tt
‘a1ge3oboA’ai1
fqesyum’Aoataeg

(G GET-7"TC)
wdd G-50°0
‘I93eM’RITRITE
‘abeqqed’/adeab
‘uesaq wvAOS

*(96-0L)

wdd T1°0
'saysenbs
‘seTII9q 8SNni1q
‘sutdund
szaqunond
‘saTIxIsqueId
‘adnoTe3ue)

uot3oslutr/brg-g
P3ITWTT UOT3IO=]
-op’sordues
TeoTUyOS3 pue
uoT3zeInWIOT

ut 93esoydA1o

Afuo paepuelsg

ATuo paepueils

9dua0saaontd

20uU=s0saIx0oNnTd

QouL0saa0oNT 4

*XopuT
SAT3IORIIDI
‘3870TARIITN

add

artdg

*burtiiege oTUu
-aboioniy 103
UOT3BZTIRATISQ

burtrTeogqel OTUu
-9boxoniy 1037
UOT3BZTIRATIOQ

*buriIogqel OTU
-aboxonty I037
UOT3IRZTIRATISC

* punoduod
]oB3UT‘UOT]
~-2ZTJBATISP ON

*I93S?
TA1TS-143anq
~-3I93 TAy3awWTd

*I193S°
14A3o0® oxonlyg
-TI13-N-TA3ng-u

‘uuntoo-aad
Jyoedepuog
ITISBIOD/XY

*uUTsax
abueryo
-X® uoTuy°g
*wIoJg
(TTT)>d uts
-91 X919UdD°T

‘ursax
sbueyoxa
uoT3®ed

*1938BM

9INIAXTH
WIOJOIOTYD
-TOH W T°0

*2INIXTN
WIOJOIOTYD
~I93eM

‘uoT3eZI]
-BATISP
uwunyToo
3sod
-JT1dH

*UOT3RZTIY
~BATISD
uunioo
asod
-01dH

*uoTl
-B2713
—-BATISOP
uunToo
asod
-0'1dH

O'1dH

SW/DD

SW/D9



(986T) 9AOW
pue aoeTT1EM

'SOTTH

*(986T)
usabpunTg

*(G86T)
osaaxgeie)d
pue

TIT JI=qnH

*(€86T)
SS®eI9

*(Z86T)
FIouxasd
wooqasoy

*(886T)
AOHTUBRYYD
N

‘eheysutiod

‘epOTRZEN

(% 9L )
wdd g0°0
I 1399eM

*(%€6 - 99)
wdd €y°T
‘1T0S

*uot3oal

-ut/bd T~
‘paepuels

(% 65 - 02)
wdd 00z - S2
1 793M! TTOS

(% 08 - 0L)
wdd T°0
‘mea3sg

*(2v9 - 79 £3TT
-TqIonpoadax)
bu g-0:3TUTT
UoOT30939p
‘sjuetrd

ueaq rAOS
'soAeDT BO]
‘adeab’a1ddy

°o0usosaaonTyg

389T0TARIIIN

3910TARIIIN

IdusdosaaonTyg

S0ousdsaaontd

Q0ouzdOsaaontd

*PUTTT9gR] 2TU
-9bogonT3 I03F
UOT3BZTIRATIO(Q

*2udzZUaq
OIFTUTP ¥’Z-N
JO ®@AT3IRATISQ

*butt
-Taqet otusboa
-oniJ 19389 I07F
UoT3eZT1RATIS(

*buTiraqel OTU
-2boxont3y ao037
uoT3eZTI3RATIOG

*BbutirageT OTU
-sboxont3y 107
UOT3BZTIRATISQ

*burrtIagel
Jiusboronty I03
UOTARZTIIRATIS(Q

‘utssx sbueyo
-X9 uoTuy

‘ursaa sHburyd
-X9 UOTUY

*utsaax sbueryd
-X® UOTI3ED

03 rPWOIYD
abueyoxa uol

*uoty

~-PZTJPATI

-9p uuniood

- -21d DIdH
*uUoT3eZI]
-BATIOP

uunioo

*autwe TAy3as -2ad
-TI3 W T°0 O'IdH

*UoOT31®ZT]
-BATIOD
uwunyToo
-a2xd

- O'IdH

‘uUoOT3I®ZTI
—BATISP
uwnyioo
-2ad

cI931eM OIdH

*UOT3IRZTY
~BATIDP

*DINIXTR uwunioon
WIOJFOIOTYD -2ad
-Ia3eM O'1dH

*uoTl®ZI]
—BATISD

uunToo

3sod

cao3eM -J1dH



*(¥86T)
uelbioaso

pue
uekiyelung

*(¥86T)
oueleagd
BPAOS3TO

*(8L6T)
gebey

*(8L6T)
~.._”.m 19
oTquerads

"(8L6T)
TUOARdg

“(LL6T)
abetiaen

pue
‘Hhunogx

*(586T)
I9USSOH

pue
1I2UUo0D ORW

*(886T)
=Y.l

pue SoTTH

~udd T10°0

¢ 3TWTIT UuoT3l
-0939p ‘ate
‘197em’adeab
‘uzoon’1T10S

*30ds/brg
A3TAT3TSUSS
‘1 197eM

*buQQeT :3TWIT
uoT30939p
I93eM

‘sposamputg

*wddgQ 0:3TWTT

uoT309389p
‘1108
pue Io3eM

*(36L)
wdd g

3001 9susAIe
WNTSITD

‘paxepuels
a3esoydA1b
- Ae1d

*(%00T - S€)
wdd g0

‘1T0S

*UTIPAUUTN

*UTIPAYUTN

g sutwepoyy
pue 83BI3TU
ITaddoo
‘UTIPAYUTN

* Jouelng
Ut utIp
-Ayutu % G°0

*jusbesr OTJ
-Toads sutuwe
yaztm butdeads

*jusbeax

suTweosaIontd

*3910TARIIIN

20U=20saaontd

‘uoT3lez
-T3BATIOP ON

*uUoT3IeZ
-T3RATISP ON

*UOT3eZ
-TIBATISP ON

*uUoT}eZ
~-T3BRATISP ON

*uoT3leZ
-T3BATISP ON

‘uoT3leZ
-T3RATISP ON

‘uoTt3lez
-T3BATISP ON

shburiiegel OTU
-aboxoniy I0I

UOT3IRZTIRATISQ

*dn

-uea[do pue

UOT3ORIJIXD
BAT3O9T9S *I93%eM
- *I93eM
- * I23eM
ITSTAOTA cI93®eM
*sS3TpPNIls
- uot3dIospy

"HOX W ¢°0 X©°

- Voaluy w 10

O1L

O1L

O1L

O1L

O'IL

O1L

O'1dH
*UOT3RZIZ
-BATISD
uunioo
-a2axd

OTdH



(9L61) 09X
pue SalT3g
‘qebey

*(Z86T)
peasuoag
pue
pe3saTiyg

*(9L6T)
pe3saTid
pue
peasuoaxg

*(886T)
eAOTAR]

pue
AOCHTURHYD
I ADON BN
rARYSUTIOQ
‘enoIRZRN

*(GL6T)
uossueyor

% WoIISHF

*(T86T)
sSSeT9

*(586T)
PIDTNA pue
T3siedog

‘wdd 006G
‘JTUTT uoTy
-0939p’I193LM
PST1T3STA
cI93eM JI03J
(%9,) wddg0°0
(398-€9) wdd g
‘193eM’TTOS
‘o3rjo0d‘3eoym
fsaeo’Astaeq
‘saTaaegsea

1 SOTIIDMOD
‘soTxasq °onid

* wdd gg°0
P 3TWTT
uoT30939p
I93eM

*(%99-29 A3TT19
~Tonpoxdax)
brigp-0:3TWTT
uo1309339p
sjueTd

uraq vAOS
!soAeaT BO]
'adexb’o1ddy

B ¢
P 3TWIT
UOT3D0939p
pIxepuels

‘(%66 - ©6)
‘udd T

s 193eM

auoz /b p°0
‘sTeTIsjleu

- 1eotboroTd

*otyd
-exboaetod

*otyd
-eaboaetTod

*DoTI38UW
- TINOTOD

*2TI38U
- TINOTOD

*DTI30U
- TINOTOD

uTIPAYUTN

*punodwoo
0soI3Tu o3
UoT3leZTIRATISA

* punodwon
0S0I3TU 03
UOT3eZTIRATIS(Q

*UTIPAYUTU YITM
UOT1RZTIRATIDG

*UTIPAUUTU UYITM
UoT31eZIIRATIDQ

*xoTdwoo

aniq Atod

- oJx939Yy 923®p
-gAtowoydsoyd

*UoT}
-BZT3RATIOP ON

* TeodIeYD*

utrsalx
abueyod

-X9 UOTUVY"°T

‘uTsex
abueyod
-X9 UOoTuvy

*uunf{oo
¥9 - Sd

*UTsax
abueyo
-X2 uoT3e)

*A3TA®D
UOTSSTWS
- —IeTNOSTONW

*(TT708)
HOM =3In1Tp
(sdoxo)

*otydeab

I923eM ~-0aeToOd

cotydeab
- -oxe10d

c19zATeUR
pToe

* I193%©eM ouTtwy

*IozA1eUR
ptoe
- ouTwy

*oTI38UW
- -TINOTOD

cI193eM O1L

10



1.2 REASONS FOR INVESTIGATION.

As mentioned earlier herbicides have the highest of
the pesticide world sale value (1984). The sale value of
herbicides also increases year by year (in the U.K) as
indicated in table 1.1. No specific information could be
obtained on herbicide glyphosate (Round-up) production
(Monsanto,U.K), but it has been labelled for use on more
than 50 agricultural crops and industrial sites and it is
marketed in more than 119 countries. It could be
predicted that the use of this herbicide will increase
year by year. Cowell et al., (1986) indicated that the
use of Round-up, Bronco and Rodeo (commercial formulation)

were increasing.

Table 1.1 Sales of pesticide in the U.K. (£m) in

1977 - 81 (from Elliot and Wilson,1983)

Product type 1977 1978 1979 1980 1981
Herbicide 72.9 98.9 134.1 125.8 143 .1
Insecticide 21.8 20.5 23.0 22.0 23.9
Fungicide 16.0 20.4 34,2 38.7 52.0
Seed treatment

products 2.1 5.4 5.8 5.7 6.8
Growth regulator n.a. n.a. n.a. 3.4 2.5
Herbicide/ferti-

ser mixtures 1.9 2.5 3.7 2.7 2.9
Ectoparasitcides 3.1 4.0 5.4 2.8 2.8
Other pesticides 3.8 4,6 6.0 5.3 8.0

n.a = not available
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The increasing use of this herbicide also could be
judged from the fact that glyphosate as a relatively new
chemical was introduced at a price the market would bear
for the priority uses and markets on which the discovering
company initially concentrated its attention. This
practice was aimed at maximising the chance of recovering
the high cost of research and development within a
reasonable period of time. Glyphosate is now assuredly
through this phase and into one where it can be available
at a price for an effective dose which permits its
consideration for a very wide range of uses throughout the
world, both 1in countries with highly mechanised cost
effective agricultural production technologies and in
developing countries with a variety of other simpler
agricultural practices (Holly,1985).

Increasing use of this chemical, has created
significant interest in recent years 1in its analytical
residue methodology. Many investigators have found that
the Pesticide Analytical Manual (PAM) methods (FDA, 1980)
for measuring glyphosate residues on crops and other
vegetation were inadequate. Consequently new methods have
been developed (Moye and St.John,1980; Guinivan et
al.,1982; Moye et al.,1983; Glass,1983; Bardalaye et
al.,1985; Lundgren, 1986; Cowell et al.,1986; Miles and
Moye, 1988). Generally it is accepted that the analysis of
glyphosate residues is far from facile (Bardalaye et al.,

1985) .
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From table 1.2 it can be seen that there are many
methods of detection of glyphosate in various matrices.
However the investigation concentrated on using gas
chromatography (GC) and high performance liquid
chromatography (HPLC) because other methods of detection
such as thin layer chromatography, polarographic and
colorimetric are less sensitive or semi quantitative.
Another reason was that these two instruments are widely
used in pesticide residue analysis.

Another characteristic of glyphosate is that it is
relatively soluble in water as mentioned earlier but
insoluble in organic solvents. Its partition coefficient
between n-octanol and water is 6 x 10_4 at a concentration
of 20 mg glyphosate/litre (Tooby,1985). For residue
analysis it must be extracted from matrices with water for
the above reasons. When water, a polar solvent, 1s used
as extractant, it will extract more compounds or
impurities compared to organic solvents. Water will
extract a wide range of compounds, from less polar to
ionic, whereas organic solvents will only extract
compounds which are quite similar to their polarity index
(Synder and Kirkland,1979). Hence it can be predicted
that water extracted compounds will require intensive
clean-up procedures prior to detection. The pure chemical
or a clean sample with relatively low impurities causes
few problems in analysis.

Since glyphosate extracts will contain many
impurities and its subsequent clean-up could not be done

with organic solvents because of the nature of the
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impurities extracted, the difficulty of the analysis will
essentially lie in the clean-up (Bardalaye et al., 1985).
It seems that the only method normally requiring no
clean-up procedure was TLC but this method was semi
quantitative (Moye et al.,1983). 1In the latest
development on analysis by TLC which was more sensitive
than the earlier ones, selective extraction and clean-up
were required as many compounds gave colour reactions with
ninhydrin (Bunyatyan and Gevorgyan, 1984).

Little in the way of information is available on the
amount of glyphosate used on crops in the U.K. Hence the
break down of herbicide usage on major crops in the U.K.

in 1981 can be seen in table 1.3.

Table 1.3 Herbicide usage on major crops in the U.K. in
1981 (thousand hectares) (Elliot and

Wilson, 1983).

Type of crop area Herbiclide used

average number
of application

Cereals 3,981 5,576 1.40
Potatoes 162 150 0.93
Sugar beet 206 475 2.31
Peas 91 77 0.85
Oilseed rape 124 198 1.60
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From table 1.3 it can be seen that herbicides were
used intensively on food crops especially on grain and
tuber crops. In addition although these food crops are
not necessarily the target of the herbicide treatment, it
was reported that the drift of herbicide either by drops
or vapour could also affect the agricultural crops
(Norris,1953; Yates et al.,1977; Roberts,1982; Elliot and
Wilson, 1983).

As the usage of herbicide especially glyphosate has
increased every year as mentioned earlier, drift problems
are also increasing. Bearing in mind the large area of
agricultural crops that have been treated by herbicide
(table 1.3), there is a good case for an investigation
being carried out to find the affect of glyphosate
concentration on food crops. The background to the study
is as follows :

i. Since the main target of glyphosate is rhizomes,
tubers, roots or storage organs of plants
because 1t is phloem translocated and its
distribution pattern within the plants is the same
as the photo-assimilates (Gouger and Geiger, 19813
Dewey, 19823 Lund-Hoie, 1983), potato, a well known
and consumed tuber crop was considered suitable as a
reference material to investigate such things and
the physical drift effect. At the same time a
method to determine the residue of glyphosate in
this tuber crop was considered essential with the
aim that the level of glyphosate in a tuber crop

could be monitored quite easily and any
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ii.

contamination caused by drift effect could be
assessed.

This is particularly relevant to the potato growing
area of Scotland where contamination of seed
potatoes 1s a potential problem with the obvious
implication for subsequent growth.

There are reports available showing that there was
no adverse effect on cereal grain yield and its
quality when glyphosate was applied at pre-harvest
(0O'Keeffe,1980,1981a,1981b). However this report
was based on a bioassay technique for assessment.
In addition no adverse effect does not necessarily
mean that there was no glyphosate present in the
grain (Lutman and Richardson,1978).

There also was a report showing that there was a
slight germination effect when grain was treated
during pre-harvest with an application rate of

1.44 kg/ha (Sheppard et al.,1982) and Laermann and
Lundehn (1980) reported that when poor weather
conditions lead tc the lodging of treated crops,
glyphosate was adsorbed into the cereal husks.
However they did not mention how they determined
the glyphosate content in these grains.

It is believed that if the contact with glyphosate
occurred during the stage where the grain still
depends on the plant i.e. is still developing, then
glyphosate will be translocated to the grains as 1ts
main storage organ because of the photo-assimilate

distribution pattern.

16



iij.

When herbicide is applied to a large area of

grain crops (table 1.3), the risk of drift

cannot readily be avoided. There is the possibility
of adverse effects due to glyphosate content in the
grains. Therefore a method of determination of
glyphosate in cereal grains should be developed,

so that possible adverse effects could be monitored
quite easily.

Another unique property of glyphosate when compared
to other herbicides is that it exists in soluble
form in any measured pH and its ionic form is pH
dependent. In solution it can be neutral to three
negatively charged. It was found that glyphosate
could be deactivated by being bound strongly to

the soil especially if the soil contains iron and
aluminium (Sprankle et al.,1975; Hensley et al.,
1978; McConnell and Hossner,1985; Glass,1987). Most
of these authors proposed that this binding was due
to complex formation between glyphosate and cations
on the clay mineral in the soil. This is another
specific behaviour of glyphosate.

In order to know or predict the fate of this
herbicide in the environment, its affinity to form
complexes with aluminium and iron(111) should be
known. As had been predicted by earlier
investigators, the affinity of glyphosate to form
complexes with iron(111) and aluminium were very
strong (Motekaitis and Martell,1985). They

determined the complex stabilities in nitrate
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medium. They did not discuss their environmental
implications. More information on these complex
formations especially in other media including
inert media should be determined to enable a better
prediction or understanding of their chemical
behaviour in the environment.

Although glyphosate is adsorbed strongly to the soil
by aluminium and iron(111) which could reduce the
environmental problem, adsorption or complex
formation is often an equilibrium process, so this
type of binding could be reversible ( Calvet,
1980). Care should be taken not to shift the
adsorption process in favour of releasing the

glyphosate to the environment.

1.3 THESIS OBJECTIVES.

The main objectives of the thesis were related to the
facts mentioned in section 1.2. Firstly to develop an
improved method of determination of glyphosate residue in
food crops. As can be seen from table 1.2, the method of
detection was quite well established and with good
sensitivity, so it was used without major modification.
The same approach was also applied to the method of
extraction. In the method of determination, the main
difficulty lay with the clean-up procedures prior to
analysis. Therefore these procedures were explored with
the aim of achieving a significant reduction in time ancd

materials required for =zample clean-up or zat least to

-
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provide an alternative to present procedures. The
compound obtained after clean-up by these procedures was
subsequently determined by GC and HPLC.

For developing the clean-up procedures, two types of
food crops, tuber (potato) and cereal/graln (barley) werc
used as a reference for the reasons mentioned 1in
section 1.2. These two types of crops not only differ in
their physical and chemical properties but their food
storage organs also differ in the degree of exposure to
the herbicide. One is relatively exposed because 1t is
grown above the ground where the direct contact with
chemical most probably happens (grain - barley) and the
other is not exposed directly to the herbicide because 1t
is grown below the ground (tuber - potato). An exception
in the latter case is where the potato tubers in store
come in direct contact with glyphosate treated straw.
Claims of problems arising in this way have been made
which can be best resolved by carrying out trace analysis
work for glyphosate in suspect potato samples.

A satisfactory clean-up procedure could be applied to
determine the actual amount of glyphosate in the
glyphosate}treated tubers (potato) and the relation to
thgir physical symptoms could be obtained. These
relationships could be used as a guide to assess the
possibility of injuries by glyphosate drift or accldently
applied to the potato crop as mentioned above. The aim of
developing a method of determination for glyphosate
residues in barley (grain) was to use it for monitoring

purposes because z large amount of herbicide was appliec



to this crop area and many commercial organisations
purchasing barley grain would wish the grain to be free of
any chemical contamination such as glyphosate e.g. whisky
distilling industry.

The other distinct property of glyphosate compared to
other herbicides is that it can form complexes with metal
ions. It has been reported that it can form complexes
with iron and aluminium which are the major elements in
the soil and these complexes are reversible. From this
information the environmental implications should be
considered.

To achieve the above objectives studies were

performed as follows :

Chapter 2 : Analysis of glyphosate residue in tuber food
crop (potato).

The purposes of the work in this chapter were to find
the possibility of others clean-up procedures that have
not yet been used in determination of glyphosate residue
as in table 1.2 especially in potato. The advantages of
these procedures were evaluated by using GC or HPLC. The
main purpose of the study was to find a clean-up procedure
that could be used in detection either by GC or HPLC, so
that analysts will have a wider choice for their analysis.
The advantages and the disadvantages of using GC and HPLC
in analysis of glyphosate were evaluated and discussed.
There are two methods of determination by HPLC, pre and
post-column derivatization. Pre-column derivatization was

preferred for various considerations.
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Small cartridges of bonded-silica materials which
could give a fast equilibrium and thus reduce the time of
the clean-up process were tested. The suitability of the
materials ranging from non polar to ion exchange either to
retain glyphosate or the co-extractives were evaluated.

The ability of other materials especially the non
polars such as cellulose, polyclar AT and activated carbon
that have been applied to adsorb impurities from aqueous
solution, to adsorb impurities from potato extract were
also tested. This was done in order to get a relatively
clean compound for detecting by fluorescence detector
after chemical derivatization. The sensitivity of the

procedures were also discussed.

Chapter 3 : Effect of glyphosate on food tubers (potato).

The aims of the work in this chapter were to
investigate the effect of glyphosate on the tuber crop
(potato) when the plant had been affected by this
herbicide either by drift or if accidentally applied.

The glyphosate had been added to the tubers by
spraying it on the plants at various rates of application
during the pre-harvesting period.

The physical effects of this compound on the tubers
were observed under normal storage conditions covering the
period of seven months. During this period, the sprout
length, number of eyes open and their resistance to
disease or rotting were recorded at certain intervals.
The contents of glyphosate in the tubers were determined

by the method that had been developed in chapter 2.
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From all the observations and determinations,
relationships were drawn between the glyphosate rate of
application and its effect on tubers physically and the
glyphosate content in the tubers.

At the end of the storage period, the tubers
subsequent growth performance was evaluated by growing
them in the field. Thelr growth performance was recorded
from time to time until the harvesting time and their

yields were also recorded.

Chapter 4 : Analysis of glyphosate in cereal grain
(barley).

In this chapter, the important consideration was to
find a suitable analytical method for glyphosate residues
in cereal grain by using barley as a reference. Emphasis
was also given to clean-up procedure. Barley contains
less anions and cations compared to potato, therefore a
slight adaption to the method that had been evaluated in
chapter 2 might be applied in this experiment. The
suitability of Bond-Elut cartridges, both cation and anion
were tested.

A recently used clean-up method, by employing its
characteristic complexing property, using chelating resin
was also employed to determine its effectiveness as

clean-up material in this analysis.
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Chapter 5 : Determination of complex stability constants
of aluminium and iron(111) with glyphosate and
their environmental implications.

This study was designed to obtain more information on
glyphosate complexing affinity to trivalent metal ions:
its complex stability constants with iron(111) and
aluminium in inert perchlorate medium which was a
different medium from what had been previously reported.
More information on this parameter was needed in order to
explain or to predict the fate of glyphosate in the
environment.

From the above findings, glyphosate environmental

implications were discussed.

Chapter 6 : Conclusions

The purpose of this chapter was to draw together an
appreciation of the glyphosate situation where the
implications of the above findings were discussed and to

make some suggestlons for further investigations.
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CHAPTER 2.

ANALYSIS OF GLYPHOSATE RESIDUES IN FOOD

CROPS ESPECIALLY POTATO.

2.1 INTRODUCTION.

The potato tuber does not have direct contact with
glyphosate which is normally foliar applied. Potato
leaves are distorted or scorched when exposed to
glyphosate at certain rates. Although the tubers do not
show any visible effects as fast as the leaves, a certain
amount of glyphosate may be translocated to the tubers.

The method of analysis for determination of
glyphosate residues in various matrices including food
crops has been mentioned in table 1.2 in chapter 1. The
necessity for a simple method is also discussed in that
chapter. The only method really tested for glyphosate
residues in potatoes was a polarographic method at a
fortification level of 2 mg/kg (Friedstad and Bronstad,
1985) .

Maximum permissible levels of glyphosate in foods and
crop commodities is generally 0.2 mg/kg in most foods for
direct consumption (EPA,1982b). In grain and grain
products that are normally eaten in large quantities, the
limit is lower (0.1 mg/kg). There is no maximum residue

limit for potatoes mentioned.
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The aim of the work in this chapter is to develop a
simple method or at least to provide an alternative method
of analysis for glyphosate residues in potatoes for the
reasons given above.

The procedure adopted for the determination of
glyphosate in potatoes or other crops normally involves
three steps as detailed below :

i. extraction
ii. clean-up
iii. detection

Firstly, a decision regarding the method of detection
is essential before proceeding to the method of
extraction and the method of clean-up.

There are many methods of detection of glyphosate or
glyphosate residue in food crops such as:

i. Gas chromatography after chemical derivatization.
ii. High performance liquid chromatography using pre and
post—column fluorogenic labelling.

iii. Colorimetric methods.

iv. Thin layer chromatography.
Ve Molecular emission cavity analysis
vi. Polarographic methods.

With the above methods, mainly because of the
sensitivity required, problems arise in quantitation of
residues in crop extracts and also with regard to the
availability of instruments and detectors. Particular

attention was given to detection by gas chromatography
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(GC) and high performance liquid chromatography (HPLC).
These two instruments are widely used in pesticide residue

analysis.

2.2 DETECTION OF GLYPHOSATE BY GAS CHROMATOGRAPHY (GC).

2.2.1 Introduction.

Detection of glyphosate by gas chromatography
involves chemical derivatization. There is no method
avallable yet to determine glyphosate by gas
chromatography without any chemical derivatization. This
1s because of the nature of glyphosate which is not
volatile, is very polar or ionic at high pH and very
soluble in water. There is no stationary phase which
could retain very polar or ionic nonderivatized
glyphosate although there is a possibility of determining
it by a Nitrogen-Phosphorous detector because its molecule
contains N and P.

The several steps of derivatization required for
glyphosate prior to detection by gas chromatography are as

follows :

i. 2 steps derivatization - acylation and
methylation followed by detection by flame
photometric detector ( Monsanto Method,

PAM 1977).
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ii. 2 steps derivatization - acylation and
alkylation followed by detection by electron
capture detector (Guinivan et al., 1985 ).

i1ii. Single step derivatization. Derivatization at
active hydrogens with N-methyl-N-
(ter-butyl-dimethylsilyl)trifluoroacetamide
followed by detection by flame photometric
detector (Moye et al.,1984).,

iv. Simultaneous esterification and acylation with
fluorinated alcohols - perfluorinated
anhydrides followed by detection by flame
photometric detector in phosphorus mode or

electron capture detector (Deyrup et al.,1985).

Due to a limitation of available detectors, the only
method tried was using an electron capture detector, i.e.
methods ii and iv above.

It seemed that method iv was simpler compared to
method ii. Method ii was developed to determine
glyphosate in crop samples but method iv has yet to be
tested on crop samples. Based on the simplicity of the
derivatization procedure in method iv a decision was made

to proceed with method iv for detection and quantitation

of glyphosate residues in potato tubers.
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2.2.2 Experimental.

Simultaneous esterification and acylation with fluorinated

alcohols - perfluorinated anhydrides.

The method of detection by Deyrup et al., (1985) was
adopted.

Instrumentation : A Pye Unicam GCD gas chromatograph

equipped with 63 Ni electron capture detector at

temperature 300 °C was used for all measurements. A 1.5m
x 2 mm i.d. silanized glass column was packed with 5 % SE
30 on gas chrom Q 100/200 mesh support. Oven temperature
was 200 °C for analysis of glyphosate. Carrier gas flow

(N.) was 25 ml/min.

2

Glassware and reagents : Reactions and dilutions were

carried out in 5 ml reacti-vials (Pierce Chem.Co, U.S.A.)
with teflon lined screw caps. Esterification and
acylation reagents were trifluoro-ethanol and trifluoro -
acetic anhydride. Glassware was soaked in methanolic KOH
before use and was rinsed with deionized water. This was
done as a precaution following a report by Deyrup et al.,
(1985) of glyphosate adsorption at low level to untreated
glass.

Derivatization : A 10 ul volume of glyphosate standard

(Greyhound, U.K, purity 97%) in water was added to a
reacti-vial and water evaporated at 100 °c with a stream
of dry nitrogen. The tube was removed and allowed to cool
to room temperature. 100 ul of trifluoro-acetic anhydride
was added and 50 ul of trifluoro-ethanol was then added.

The tubes were capped and heated at 100 OC for 1 hour.

28



The reagents were removed at 25 OC with a stream of dry
nitrogen, and the residue was dissolved in 20 ul of ethyl
acetate, which had been stored over 4A molecular sieve,

making it ready for GC analysis.

2.2.3 Results and discussion.

The electron capture detector is very sensitive. It
needs extremely clean samples so that there are no
interference peaks resulting from not using extremely pure
reagents.

The retention time of the glyphosate derivative was
ca. 1.7 minute. Even using standard glyphosate (dissolved
in water) there were peaks of impurities close to this
compound. The compound peak also had quite a high signal
and formed as a tangent peak (see figure 2.1).

Because the retention time for glyphosate - TFE -
TFAA derivative was quite short, 1f there were any
impurities from the solvent and reagents they might
interfere with the glyphosate derivative peak and
quantitation of this compound was impossible. This
effect could be seen clearly in figure 2.2, when standard
glyphosate at pH 12 was retained on a Bond-Elut
(Analytichem International, U.S.A.) SAX column, then
eluted from the column by buffer of pH 2.0. The
glyphosate derivative peak was covered by the impurities,
making detection and quantitation for this compound very

difficult or impossible.
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Time (min)

Figure 2.1 Chromatogram of 0.5ng (0.5pul of 1ppm)
glyphosate, after derivation.

Conditions :

Column : 1.5m x 2mm i.d.
Stationary Phase: 5% SE 30 on gas chrom Q 100/200
mesh support.

Carrier gas : N2 at 25ml/min.
Oven temperature: 200 C. °
Detector : ECD at 300 C.
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Figure 2.2 Chromatogram of standard glyphosate-
derivative. Glyphosate was retained
in Bond Elut SAX cartridge, then eluted
by buffer pH 2.0. The glyphosate peak
was covered by the impurities ( RT~1.7 min).

Conditions : as for figure 2.1 .
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Interference from the impurities could be reduced by

increasing the retention time of this compound. 1In

order to increase the retention time some parameters such

as temperature, column length and flow rate of the carrier

gas were manipulated. Reducing the temperature of the

column did not result in sufficient improvement as the

peak
Flow
than
base

Make

shape deteriorated and lost sensitivity (table 2.1).
rate of carrier gas could not be lowered down to less
25 ml/min because the detector produced a very high
line signal and made it difficult for determination.
up gas could be introduced to counter this problem.

The efficiency of the column can also be increased by

increasing its length but at the same time this increased

the analysis time (Bruner,1985). Doubling the length of

the column will give a 1.4 x increase in resolution and

twice the analysis time (Katz,1987). However, when a

longer column was used, this also did not result in a

significant increase in retention time. The reason why

the longer column did not improve the retentlion time was

that

the longer column had a smaller diameter than the

shorter one, so the amount of stationary phase in these

two columns was not very different, resulting in similar

retention times on the two columns.
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Table 2.1 Effect of temperature on retention time and
peak height and shape of glyphosate -TFE-TFAA

derivative (column was 1.5m x 2mm i.d.).

5 % SE 30.
Sample Oven Retention Peak height/
injected temperature time shape
(°c ) { min.)
0.2 ul of 150 n.d. n.d.
100 ppm 160 5.6 0.6 cm, quite
glyphosate broad peak
standard 170 3.7 1.8 cm, quite
after reasonable peak
derivati- 180 2.9 3.8 cm, quite
zation good peak
190 2.3 5.3 cm, good peak
200 1.7 12.3 ¢cm, very
good peak
205 1.4 13.4 cm, very
good peak
210 1.3 18.5 cm, very
good peak
n.d. = not detected.
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As the result of the unsuccessful detection and
gquantitation of a glyphosate derivative even using the
glyphosate standard (retained on a Bond-Elut SAX
cartridge, then eluted by buffer pH 2.0) it was decided to
discontinue this method for the determination of
glyphosate residue in potato because potato extracts would
contain many more impurities than the glyphosate standard
solution.

As a result of this lack of success with method iv,
using gas chromatography with electron capture detector,
attention was turned to the method of detection using high
performance liquid chromatography (HPLC) as a part of the

procedure to determine glyphosate residues in potatoes.

2.3 DETECTION OF GLYPHOSATE BY HIGH PERFORMANCE LIQUID

CHROMATOGRAPHY (HPLC).

2.3.1 Introduction.

Detection of glyphosate by high performance liquid
chromatography is quite similar to gas chromatography in
the sense that it also involves chemical derivatization
except for the determination in formulation and technical
samples where the concentration was relatively high and
did not require any derivatization for detection (Burnsand
and Tomkins,1979). There is no method available yet to
determine glyphosate residue by HPLC without any chemical
derivatization because of lack of sensgitivity. The
ionic, water soluble character of glyphosate makes

analysis by HPLC advantageous over gas chromatography.
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Also glyphosate is polar and water soluble and GC requires
drying and then derivatization 1n organic solvent. HPLC
derivatization 1s done in aqueous type medium so problems
with completely anhydrous conditions which are difficult
to achieve can be avoided completely.

Although glyphosate could not be measured at low
levels by conventional detectors because it possesses very
weak adsorptivity even at 200 nm and lack a of a
conjugated system prevents it from fluorescing. Highly
fluorescent derivatives could be formed and can be used
either for pre-column or post-column procedures.

Although there are two procedures, pre and
post-column, a pre-column was preferred for the following

reasons :

i. Although post-column procedures form derivatives on
line they require more instrumentation and careful
maintenance

ii. Pre-column methods are simpler compared to post-
column and require minimal equipment and analytical
experience.

iii. There is no continuous flow of derivatizing
reagent(s) past the detector that may result in
raised backgrounds (and therefore reduced

sensitivity).
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Pre-column procedure.

Bruton (1986) tested 4 reagents for pre-column
derivatization namely dimethylamino naphthalene sulphonyl
chloride (dansyl chloride), phenyl-isothiocyanate (PITC),
o-phthalaldehyde (OPA) and 9-fluorenylmethyl
chloro-formate (FMOCCL) for fully automated amino acid
analysis and he found that the best result was achieved
with FMOCCL. Glyphosate carries a secondary amino group
which could react with these 4 derivatization agents, so
it could be expected that glyphosate can react with FMOCCL
for optimum analysis as has been mentioned by Moye and
St.John (1980). For pre-column derivatization, the method

by Moye and St.John (1980) using FMOCCL was adopted.

2.3.2 Experimental.

9-fluorenylmethyl chloro-formate (FMOCCL) reacts via
an Sn2 mechanism with amino nitrogen of both primary and
secondary amines producing a carbamate having a fluorenyl
group as the fluorophore.

0.1 ml of 10" 7 = 1073 M glyphosate was placed
together with 0.9 ml of 0.025 M pH 9 sodium borate, 0.9 ml
acetone and 0.1 ml of 10_2 M solution of FMOCCL in

acetone, into a teflon capped 5 ml reacti-vial. The

. . o
solutions were incubated at 23°C for 20 minutes. Three

1 ml portions of diethyl ether were used to wash away
excess reagent. Appropriate dilutions were made with

water before injection into the liquid chromatograph.
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Detection by liquid chromatography.

A fluorometric HPLC was constructed from Waters
Associated Model 6000 A pumps, a Rheodyne model sample
injection valve equipped with a 20 ul sample loop and a

Shimadzu Fluorescence HPLC detector model RF-530.

Chromatograms were recorded on a Servoscribe model RE
511.20 strip chart recorder and later were recorded on a
Spectra Physic Sp 4290 integrator. Excitation was at

270 nm and emission at 315 nm. Isocratic operation was
conducted at 1.0 ml/min with pH 4 phosphate buffer (0.1 M)
containing 25 % acetonitrile by volume. Separations were
achieved on an APS hypersil column (25 cm x 4 mm) (Shandon
Southern, Runcon, England). Various solvent programmes

and various columns were also attempted.

2.3.3 BResults and discussion.

Results are summarized in table 2.2 and 2.3.

It was found that 0.1 M phosphate buffer with 25 %
acetonitrile offered the best compromise between good
sensitivity and a reasonable retention time. 1In anion
exchange, retention usually could be increased by a
decrease in ionic strength of the buffer and an increase
in pH. On a silica-based stationary phase, a decrease in
the percentage of organic modifier would also increase the

retention time.
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Table 2.2 Effect of different HPLC columns on separation

and detection of glyphosate derivative.

Vydax, anion exchange

Ionosphere, anion exchange

APS hypersil, anion exchange

Gave a broad peak

Gave a very broad peak.
Retention time quite
long, about 23 min.

Gave a sharp

peak. Retention time

ca. 13 min. Could detect
easily 1 ng of glyphosate

at attenuation 16.

Table 2.3 Effect of different acetonitrile percentages

on peak shape.

———————————— — —— = - o= - - =

20
25

30

38

very broad

too broad

sharp peak
sharp peak but
broader than 25 %

acetonitrile.



By comparing the two methods, GC and HPLC, it was
better to use an HPLC procedure over GC because the HPLC
derivative gave a reasonably long retention time that
could be manipulated with regard to the impurities peaks
compared to the GC derivative which had a very short
retention time. This criterion was useful in developing a
new clean-up method.

When the method of detection of glyphosate standard
was established, improvement of existing clean-up and

extraction procedure could be dealt with.

2.4 EXTRACTION OF GLYPHOSATE RESIDUE.

To test whether the method of extraction was
effective or not, a recovery test was carried out. The
sample was spiked with a certain amount of glyphosate,
then the method of extraction was evaluated.

There are many methods available for extraction of
glyphosate residues from food crops which can be
summarized as follows :

i. Blending with mixtures of water and chloroform
(Moye and St.John,1980; Moye et al.,1983)

ii. Refluxing with 0.25 M HCl1l (Archer and Stoke, 1984)

iii. Homogenising and sonicating with water (Guinivan
et al., 1982)

iv. Blending with a mixture of 0.1 M HCl and

chloroform (Cowell et al., 1986).
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Average recoveries of glyphosate obtained using the
4 methods listed above were good ( > 80 %) {(see table 1.2)
and the decision to use method 1 was based on the

following reasons :

a. Only 2 of these methods had been tested on more than
one crop (method i and iv) and an extraction method
that could be applied to a number of crops was
wanted.

b. Method i has been used in a number of studies on
glyphosate residue in crops so comparisons between
the results of these studies and those described in
this thesis would be simplified. Methods ii and iv
used dilute HCl in an attempt to release glyphosate
from possible conjugates with other plant
constituents.

c. Method iv was reported when recovery work using
method i was almost completed and information
suggested that the method was suitable for the
purposes of the work described in this thesis.

As the recovery and standard deviation reported for
method iv did not seem to offer any improvement over
method i, it was decided to use method i as the

preferred extraction procedure in this thesis.
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Extraction procedure.

25 g chopped potato, 25 ml chloroform and 50 ml water
were placed in 500 ml stainless steel blender jar.
Fortification of glyphosate was performed at this point
for recovery. The mixture was blended at medium speed for
10 minutes. The jar was rinsed with 2 x 20 ml water and
the content and rinses were placed in 250 ml centrifuge
bottle. After centrifugation at 10,000 rpm for 20
minutes, the supernatant was filtered through Whatman No.1
filter paper into a 500 ml round bottom flask followed by
2 x 20 ml water which was used for rinsing the centrifuge
bottle. Rotary evaporation was employed at a temperature
below 40 °C to reduce the volume to about 5 ml and the
extracts stored in the fridge for further treatment and

analysis.

2.5 CLEAN-UP FOR GLYPHOSATE RESIDUE ANALYSIS.

2.5.1 Survey of current clean-up methods.

Special problems arose in the quantitation of
glyphosate residues because the herbicide needs to be
extracted from various matrices (crops, soil, etc.) with
water as it defies extraction and any subsequent clean-up
with organic solvents. Consequently, the difficulties and
the main challenge lie essentially in clean-up. From the
existing literature, it is known that the problem of
determination of glyphosate residues rests mainly with the
clean-up procedure. This information shows how important

it is to simplify this procedure.
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There are many clean-up procedures for the
determination of glyphosate residues depending on what is
the method of detection. For instance when detection is
by GC the following clean-up treatments have been used :

a. Using gel permeation chromatography, cation
exchange column and liquid-liquid partition
(Guinivan et al., 1982)

b. Anion exchange column, charcoal treatment and
cation exchange column (Monsanto method,

PAM, 1977).

On the other hand in the case of HPLC, the detection
method adopted in this work, the following clean-up
treatments have been used :

A. Pre-column labelling

a. using 190 g cation exchanger DOWEX 50W-X8,
hydrogen form (Moye and St.John, 1980).

b. cation exchange resin (10 ml), Bio Rad
AG 50W-X8 (Roseboom and Berkhoff, 1982).

B. Post-column labelling.

a. using 190 g cation exchange resin,DOWEX 50W-X8,
hydrogen form (Moye and St.John,1980).

b. using 50 g cation exchange resin, DOWEX 50W-X8,
hydrogen form (Moye et al., 1983)

c. using 15 ml cation exchange resin AG 50W-X8,
hydrogen form and 15 ml anion exchange resin
AG1-X4, chloride form (Archer and Stoke, 1984)

d. using 15 ml chelating resin Chelex 100 Fe (111)
form, and 7 ml anion exchange resin AG1-X8,

chloride form (Cowell et al., 1986).

42



As the aim of this work is to improve or to simplify
the existing method, the first step must be to simplify
the existing method of clean-up because of the reasons
given previously. A recovery test was used in order to
check the effectiveness of the clean-up procedure. For
this purpose, the method of extraction and the method of
detection were used as mentioned above in sections 2.4 and

2.3.2 using pre-column fluorogenic labelling.

2.5.2 An assessment of various Bond-Elut ion exchange

cartridges in retaining glyphosate from standards

and samples.

Bond-Elut cartridges contain bonded silica sorbent in
which functional groups are covalently bonded to the
silica substrate. Bonded silica sorbents are rigid
materials that do not shrink or swell in different
solvents, unlike many polystyrene based resins. For this
reason, bonded silica equilibrates rapidly to new solvent
conditions (Van Horne,1985). Bond-Elut cartridges were
tried as a clean-up material for the following reasons :

i. Bond-Elut cartridges use less material. 100 mg

or 500 mg per cartridge are used compared to
existing procedures wusing 190 g cation exchange
resin.

ii. The time required for the clean-up procedure is

significantly reduced because the solution

volume is much smaller.

43



For testing the suitability of Bond-Elut cartridges
for clean-up purposes, the cartridges of 100 mg sorbent
and 1 ml volume were used.

The types of materials (sorbent) used for evaluation
could be polar, cation or anion exchange. These sorbents
were chosen because water, a polar solvent, was used to
extract glyphosate from the crop matrix.

From the above literature, most analysts used cation
and anion exchange resins. Some analysts like Moye and
St.John, (1980) and Roseboom and Berkhoff, (1982) used
only cation exchange resin for this purpose. Cowell et
al., (1986) used chelating resin as a clean-up material.

In this work, cation and anion exchange Bond-Elut
cartridges were evaluated as clean-up materials. Before
these Bond-Elut cartridges could be evaluated for sample
extracts, firstly they had to be tested with glyphosate

standard.

Evaluation of Bond-Elut cartridges with glyphosate

standard.

Standard preparation : 0.1034 g glyphosate was dissolved

in 100 ml mixture of deionised water (95 % v/v) - methanol
to yield 1000 ug/ml stock solution. Methanol was added as
a fungal growth inhibitor. The lower concentrations of
standards were made by diluting this stock solution with

water. All the standard solutions were refrigerated.
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The Bond-Elut sorbent is stable within a pH range of
approximately 2 to 7.5. Above pH 7.5 the silica substrate
is susceptible to dissolution in aqueous solution. Below
pH 2.0 the silyl linkage is labile and the functional
groups on the surface begin to cleave, changing the
sorptive properties in a non-reproducible fashion.
Nonetheless, in practice, bonded silica may be used for
sorbent extraction in a pH range of 1 to 14, since
degradation of the sorbent is a finite process and
sorbents are usually exposed to solvent for only short
periods of time.

In the above existing procedures of clean-up, sample
extracts are adjusted to a certain pH before passing
through the resin columns. These include adjusting to
pH 1 (Moye and St.John, 1980) or to pH 2 or less (Moye and
St.John,1983; Cowell et al., 1986) before passing through
cation exchange or chelating resin or adjusting to pH 10
(Archer and Stoke, 1984) before passing through anion
exchange resin.

The idea of using Bond-Elut cartridges for clean-up
purposes is that in solution, glyphosate exists in ionic
form. By manipulating the pH, the ionic strength of
glyphosate could be increased or decreased. This ionic
form of glyphosate could bind to the sorbent by an ion
exchange mechanism. By manipulating the pH it seemed
possible for glyphosate to be retained strongly on the ion
exchange column, while the impurities could be washed away
by passing through water, leaving clean glyphosate on the

column. After this the clean glyphosate could be removed
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from the column with a specific solvent before proceeding

to the determination.

Using cation exchange Bond-Elut cartridge, SCX.

The functional group of this sorbent is
propylbenzene- sulphonyl, hydrogen form, a strong cation
exchanger with the capacity of 100 mg sorbent cartridge
being 0.12 meq.

By considering all above factors, the pH of
glyphosate standard was adjusted to pH 2 with a buffer
solution.

Procedure : The SCX cartridge was washed with one volume
of methanol, to wet or to activate the sorbent. Then the
excess methanol was removed by passing through one volume
of deionised water. One ml of glyphosate standard was
passed through the cartridge and the standard eluate
collected. The column was then rinsed with 1 ml deionized
water and the water eluate was collected. Finally, the
column was eluted with buffer pH 4.0. The buffer eluate
was collected.

Glyphosate content in all above eluates were
determined by HPLC as follows:

To every 1 ml of eluate, approximate 0.1 g K2C03was
added with shaking to bring the pH to 11. 4 ml of HZO and
5 ml 0.01 M FMOCCL in acetone were added to the tube which
was then capped and reacted at 23OC for 20 minutes. The
reaction mixture was washed 3 times with 5 ml of diethyl
ether, diluted to 10 ml with H20 and injected onto the

HPLC. Column comparisons were made with standards at the
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same pH which were similarly derivatized.
For above procedure, the following steps were
applied.
i. All the eluates of above process were collected in
teflon capped bottles.
ii. The flow rate of the solution passing through the
column was adjusted to about 0.8 - 1.0 ml/min by

applying pressure with a pipette bulb.

Results and discussion.

Results are presented in table 2.4.

Table 2.4 Performance of Bond-Elut cation exchange
cartridge, SCX to retain glyphosate at pH 2.
Glyphosate % not retained % eluted by % retained on
standard at all by H20 washing the cartridge
the cartridge

in buffer

It was found that when the pH of the standard
glyphosate was adjusted to 2, there was 0 % glyphosate
retained on the cartridge. Based on this result, it was
not necessary to try the glyphosate standard adjusted to a

pH less than 2 or 1, as was the case with some analysts
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using cation exchange resin.

The results of the above experiment could be
explained by looking at the properties of glyphosate.
Glyphosate has three functional groups and its properties

depend on the pH of the medium.

pK

@ [2) ®
HOOCCH,NH,CH, PO H Co0cCH,NH,CH,POLHE + HO
Monoanion
® ) )
©00CCH,NH,CH,PO,H® oeom— ebOCCHZNH2CH2Po‘§" + H®
Dianion
o @ ® oKy 2) ® @
OOCCH,NH,CH,PO3 ———= POO0CCH,NHCH,PO3] + H
Trianion

Values for pK1, pK2 and pK3 have been reported
(Madsen et al., 1978) to be 2.27, 5.58 and 10.25

respectively.

Gly pK -
1 ~ Gly + H+
\
(1 -K) ¢ AC A
107P%y = [ Ge1y 10 Y . 1072-27
[ Gly 1
at pH = 2, [H+]=10'2M—————>o<=o.35
at pH = 1, oL = 0.05

48



At pH 2, 35 % of the glyphosate exists in mono
anionic form and 65 % in neutral form. At pH 1 1t was
calculated that 95 % glyphosate would be in neutral form
and 5 % only in mono anionic form.

At pH 2 only 35 % glyphosate is in mono anionic form
and there is no glyphosate in any cationic form. This
phenomenon could explain why 1t was retained gquite loosely
on the cartridge at this pH; secondary interaction with
this polar sorbent and also by binding with the cationic
portion of the sorbent meant that it could be easily
washed out by water washing. At pH 1 there was no
glyphosate in cationic form that could exchange with the
sorbent, and therefore be retained strongly by the
cartridge. Hence, as a test had been carried out by other
analysts at pH 1 using cation exchange resin it was not
considered necessary to repeat it here.

Although preliminary measurements showed that
glyphosate should be able to take up a proton to form a
positive ion that could exchange with cation exchange
sorbent, the corresponding pK value is negative (Madsen et
al., 1978). Hence this possibility was neglected because
it could happen only at an extremely low pH in which the
Bond-Elut sorbent is not stable.

From the above results and compared with several
results done by others using cation exchange resin, it was
decided not to use Bond-Elut cation exchange cartridges as
a clean-up material because they could not retain

glyphosate strongly.
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By looking at the structure of glyphosate, the
molecular charge could be increased by increasing the pH.
In any measured pH (1 - 14), glyphosate exists in anionic
form. This property could enable glyphosate to be
retained on an anion exchange cartridge rather than on a

cation exchange cartridge.

Using Anion Exchange Bond Elut Cartridge, SAX.

After failing to get successful results by using a
cation exchange Bond-Elut cartridge, an anion exchange
Bond-Elut, SAX was used instead to evaluate its
performance for retaining glyphosate.

The functional group of this sorbent is
trimethylaminopropyl which is a strong anion exchanger in
the chloride form. The capacity of 100 mg is 0.12 meq.

By manipulating the pH of the medium, glyphosate
could exist at different anionic strengths. Glyphosate is
monoanionic at pH 4, dianionic at pH 8, and trianionic
at pH 12. Glyphosate exchanging power will vary with pH.
Procedure : The cartridge was washed with one volume of
methanol, then it was rinsed with one volume of deionized
water to remove excess methanol. Glyphosate standard at a
set pH was passed through the column. Eluate from the
column was collected. Then the cartridge was rinsed with
1 ml of deionized water and this water eluate was
collected. Finally the cartridge was eluted with buffer
solution of a certain pH. Different fractions of eluate
were collected. Glyphosate content in all above eluates

was determined by HPLC using the same procedure as

50



mentioned above in the section involving cation exchange

Bond-Elut cartridge.

Results and discussion.

The results for the influence of pH on the retention
of glyphosate standards and the efficiency of eluent
solutions of different pHs to elute glyphosate from a
Bond-Elut anion exchange cartridge can be seen in
table 2.5.

At pH 5.5 about 50 % of glyphosate 1s in monoanionic
form and 50 % is in dianionic form. At this pH there was
gquite a substantial amount of anion that could exchange
with anion exchange sorbent but it showed that it did not
have enough anionic strength to fully exchange with the
sorbent and hence be retained strongly. At this pH about
10 % of glyphosate was strongly retained by the cartridge,
23 % was retained quite loosely, i.e. could be washed away
by water washing and about 67 % could not be retained at
all by the cartridge.

Based on the above findings, the pH of glyphosate was
adjusted to 12; in this condition glyphosate exists in the
trianionic form. At this pH all functional groups of
glyphosate become ionized and glyphosate has a strong
anionic character that could be fully exchanged with
sorbent and hence be held strongly by the cartridge.

When glyphosate was retained strongly on the
cartridge (at pH 12), i.e. it was not eluted by water, the
impurities could be washed out from the cartridge by

passing through water several times. Then glyphosate
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could be removed from the cartridge with a lower pH
solution and a clean glyphosate preparation collected.

From table 2.5 it was found that glyphosate could be
retained strongly on a Bond-Elut anion exchange cartridge.
Glyphosate was removed from the column by using buffer
pH 1. When using an elution solution of higher than pH 1,
more elution volume was needed.

Glyphosate at pH values between 5.5 and 12 was not
investigated because it was essential to have the most
favourable conditions for glyphosate to be retained on the
cartridge in the sense that it would not be washed out by
applying several lots of water in the process of removing
the impurities. Also some of the buffers used between

and phosphate
these two pH values contain aminoAgroups which could
interfere with the determination of glyphosate where they
could react with the derivatizing agent.

Evaluation of Bond-Elut cartridge for glyphosate

treated sample.

After the glyphosate standard had been successfully
isolated by using Bond-Elut anion exchange cartridges as
mentioned above, this cartridge was used to evaluate the
isolation of glyphosate from glyphosate spiked potatoes.
Procedure :

i. Preliminary treatments for the anion exchange
cartridge before it was ready to accept sample were
as mentioned earlier.

ii. Extraction procedure and volume reduction for
the potato extract were as mentioned above. The

extract was adjusted to pH 12 firstly with 10 M and
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finally with 1 M KOH and the final volume was made to
25 ml. It was then filtered through Whatman No. 1
filter paper. One ml of the extract was taken and
passed through the cartridge. Sample eluate was
collected, then the cartridge was washed with 1 ml
water and the water eluate collected. Finally, the
cartridge was eluted with 1 ml buffer pH 1 and the
eluate was collected. To every eluate 0.15g KZCO3
was added to raise the pH to 11. Other procedures

prior to injection into the HPLC were as mentioned

above.

Results and discussion.

The performance of Bond-Elut anion exchange
cartridges for retaining or isolating glyphosate from

spiked potato samples could be seen in table 2.6.

Table 2.6 Performance of Bond-Elut anion exchange
cartridge on retaining glyphosate from

glyphosate spiked potato.

Sample in sample in water washings 1in collected
pH eluate(not (retained quite eluate
retained at loosely by the
all by the cartridge) 0-1 1-2 2-3 ml
cartridge)
12 80 % 20 % - - -
a - mean of duplicates



It was found that the Bond-Elut anion exchange
cartridge lost its ability to retain glyphosate from the
potato extract sample. It seemed that only a certain
amount (about 20 % ) of glyphosate at pH 12 in potato
extract was loosely retained and the rest was not retained
at all by the cartridge, although at this pH, a glyphosate
standard in deionized water was strongly retained on the
cartridge. Retention of glyphosate in potato extracts at
pH 12 seemed almost the same as the glyphosate standard in
water at pH 5.5 (see table 2.4).

In explaining why the Bond-Elut anion exchange
cartridge was not effective in isolating or retaining
glyphosate from the potato extract compared to glyphosate
in water, there are many possibilities some of which are
mentioned below :

1. Glyphosate could react with metal cations in the

(e.g. Mg2+ , Fe3+,Zn2+

potato extract , etc) to form
complexes. Madsen et al.,(1978) have reported that
glyphosate could form stable complexes with metal ions
such as Cu2+, Zn2+, Mn2+, Ca2+, and Mg2+. The formed
complex compounds have less anionic charges compared to
glyphosate itself and consequently these glyphosate metal
ion complexes would be retained less by the cartridge.
For example : Mg2+ + L . Mg-glyphosate complex has one
anionic charge compared to glyphosate which has 3 anionic

charges.
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2. The potato extract contains anions for which the
sorbent has an extremely high affinity. As a result,
glyphosate would be less retained by the cartridge
(sorbent).

3. The potato extract has a high ionic strength

(> 0.1 M). The high concentration of anions in the
extract would compete with anionic glyphosate for the
sorbent, promoting elution of the anionic glyphosate (Van
Horne,1985). To check whether the metal ions affected the
glyphosate retained on the column, a potato extract sample
was adjusted to pH 14 with the aim of reducing the
solubility of most of the mineral ions and hence reducing
the formation of glyphosate-metal ion complexes. All
other treatments performed on the sample were similar to
the sample being adjusted to pH 12. The result showed
that the retention of glyphosate on the Bond-Elut anion
exchange cartridge was almost the same, whether 1t was

ad justed to pH 12 or 14. This observation showed that
metals ions appeared to have no significant influence on
retaining glyphosate from potato extract by the cartridge.
If metal ions were involved in the effect, the cartridge
should have retained more glyphosate at pH 14 than at

pH 12.

In the case of the second possibility, viz. the
effect of high selectivity anions, the Handbook of Sorbent
Extraction Technology {(Van Horne,1985) lists citrate ions
as having relatively a high anion selectivity to anion
exchange sorbent compared to other anions. Citric acid

exists as citrate ion at high pH as in the potato extract
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when 1t is introduced to the cartridge. The content in
potato has been reported to be between 0.5 -1 %
(Smith, 1968).

It is possible that the high content of citric acid
could affect glyphosate retention by Bond-Elut column and,
therefore, the effect of citric acid on the retention of
glyphosate on Bond-Elut anion exchange cartridges was
evaluated.

The citric acid content of the potato was assumed to
be ca. 0.75 % (average of range reported). From the
analytical procedure, this worked out about 8.0 mg citric
acid per ml in the final solution. Standard glyphosate in
8.0 mg citric acid/ml was made up. The pH of this
solution was adjusted to 12, and 1 ml of the solution was
passed through the Bond-Elut anion exchange cartridge.

The glyphosate content of each fraction was determined as

described earlier.

The results were recorded in table 2.7.
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Table 2.7 Effect of citric acid (8 mg/ml) on the
retention of glyphosate on Bond-Elut anion

exchange cartridge.

Solution 1in standard in water washings 1in collected
pH solution eluate (retained quite eluate
(not retained loosely by the 0-1 1-2 2-3 ml
at all by the cartridge)
cartridge)
12 69 % 27 % - - -

It seemed that the pattern of glyphosate retained in
the cartridge was similar to that obtained with glyphosate
in potato extract. Less of the glyphosate in potato
extract was retained quite loosely in the cartridge than
in the made up citric acid solution. This could be
because potato extract contained more than 0.75 % citric
acid and also because it contained quite substantial
amounts of amino acids and organic acids (Smith,1968) that
could form anions at higher pH.

A third possibility was explored. Citric acid is a
ma jor constituent of organic acids in potato tubers.

Other organic and amino acids are present in lower
amounts. Based on the earlier assumption of ca. 0.75 %

citric acid in the potato this resulted in about 0.04 M in
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final potato extract solution. The actual ionic strength
of the potato extract was not determined.

It seems possible that the citrate ion and other
anions could compete with glyphosate retained o