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I.
THE IMPORTANGE OF THE PRECIPITIN TEST
IN FORENSIC MEDICINE.

mhe laboratcry examlnaticn of blocd stains is
cne of the most important tasks, whioh a medical jurist

Té.frequently oalled upcn to undertake in the course of

hig work. The existing ohemioél tests, supplemented by"
those whioh mey be carried cut with the hand speotro-

| goope, the micro-spectroscope ahd ﬁhe microscope itself
are such, that & very definite opinion may be given as
| to whether the substance composing & stain is that of
éblood. In medico-legal work, hewever, it is Important
that & definite opinion be expressed as to whether the
blood ocomposing & stain is the blood of & human being,

' as opposed to that of other animals belonging to the

| manualian group. In order to arrive &t such an
opinion, the Precipitin or Serclogicel Test must be
employed. Hauser1 has stated that "The responsibility

"ig very great when one makes a forensio blood examina-

i

Z“tion by the serc-diagnostio method, and can only be

"undertaken by thcse who are thoroughly ceonversant with
"the method, &nd have &t their ocommend all the conditions
"neocessary for trustworthy work" . Grahan-Smith and P.

| Sanger, state as the result of thelr experiments with
E this test that "These experiments have led us to the
"aonolusion that with sufficient materials, and due
"precaution to exelude the varicus souroces of error,
“there are but feW'cnndjtioné.met with in forensio
"praotice under which human oculd not be readily
"differentiated from other blcods. By this, however,
*we do not mean to imply that & oonsiderable
"aoquaintance with the aotion of precipitating
"antisera cn blecod solutions is not neoessary in the

" guoccegsful application of this test". The teat is

| now officlally recogniged by the law courts of

geveral aocuntries. There can be no doubt that when

zan/




-an individual expresses an opinion that & blood stain is
éoomposed cof human blood, he shoulders & Very grave
 responsibility, as his finding may involve the 1ife of
.an aooused person cn trial for murder. EXperience,
ifaultless technique and patienoce are therefore
iessenti&ls before an examiner shculd eXpress such a
‘view. Having regard to the increasing jmportance of
the test, it seems unfocrtunate that apart from the work
-of a few Investigators, aystenati o research upon the
'medi co-legal aspeot of this line of examination, has
gbeen negleoted in the British Isles. Graham-Smith and
EF. ganger, have made comment on this matter, and have
istated that "In this country, however, with the
Texpeption of Nuttall and Grlnbsum, none have yet worked
fsystematjoally on the subjeect in any of i1ts aspeots,
Land in forensic practice it has been completely
"neglected". & study of the bibliocgraphy from 1900-1924
reveals the faot that few British investigators have
'written at any length upcn the test in relation to

!medioo—legal work. This faot, in conjunction with the

:opinion of I-Iuttall3 whioh he states &t the conclusion
of hig far reasching woerk on Blocd Immunity &nd
Relationship, and is expressed ag follows:- "The
fexhaustiva treatment which cur present knowledge of the
?preoipitﬂns-has received, should prove of use t¢ others,
%and T hepe that the work done will stimulate many to
%further inveatigate the many problems which present
%themselvas", stimulated the writer to make Investiga-
%tions intc some of the more cbsoure problems relating

%to the tegt in 1ts mediocc-legal appliocation.

;[.l-
THE, EVCLUTION OF THE TEST.

mhe history of the test is important and is o

interest to the research worker. In 1897 Kraus, proved

(that by immunisging an animel with Injections of a

Eculture of & miorcbe, & serum could be obtained from

ith&t enimal, which when added to & filtered culture of

eleng 8/
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this micrcbe, produced a precipitate in it. Thereafter

Bordet showed that if & rabbit be immunised by

intraperitoneal injeotions of a milk subjected to a
temperature of 67° centigrade, the rabbit will yield a
gerum which will preoipjtate this milk. Gengou5 gtated
that the laotoserum prcduced by & goat, sheep or ocow,
gave the same reaction c¢r the milk of a goat, sheep or

cow, but that a difference was shown when human cr mare's

i milk was tested. Tchistovjtoh6, by giving certain

animals deses of pciscnous eel serum, was able to obtain
a gpeolfic precipitating antiserum fcr eel serum.
Nutta117 carried cut a vast number of experiments to
determine ﬁhe degree c¢f gpecificity of the precipitins.

A summary of his experiments will reveal the extent of

his work.
Antigerum fcr Number of Tests.
Man. 82h.
Chimpanzee. 47.
Qurang. 81.
Cercopithecus. 733.
Hedgehog . | 383,
Cat . 785 .
Reindeer. : 69.
Hog-Deer. 699.
Antelope. 686.
0x. 790.
Sheep. - 701.
Horse. 790.
Donkey . 94.
Zebra. 94 .
Whale/




Continued.
Antiserum for Number of Tests.

‘ wnale; 94.
Wallaby. 691.
Fowl. 792.
Ostrich. 649.
Fowl egg. 789.
Emu egg. 863C.
Turtle. 666.
Alligator. 468.
Frog. 551.
Lobster. 450.
Hyaena. 378.
Dog. 7.
Seal. ‘ 358.
Pig. 818.
Llama. 363.
Mexican deer. ' 749.

Total No. of Tests = 16,000.

It would appear from the result of his
investigations that an antiserum of a given animal will

produce & precipitate in the blood serum obtained from

a similar animal or one closely related to it. He also
demonstrated that "the degree and rate of blood reaction
Yappear to offer an index of the degree of blood

"relationship, in other words, closely related bloods
"react more powerfully (more precipitin) and more

"rapidly than do distantly related bloods, provided the
M"latter/




"latter react at all,
"Like other lines of investigation, this one

"appeared relatively simplelat first; 1t 1s evident,
"however, now that the phencmena of preoipitatiocn are of
"an exoeedingly complex nature”.
% | For medijoc-legal purpcses, advantage is taken
gof the faot, that by injecting an animal, usually a
rabbit, with defibrinated blocd cvf an unrelated animal,
Ean antigserum is prcduced in the rabbit's blcod. This
lantiserum will precipitate the serum of the animal whose
iblood was Injeoted cr of an enimal olosely related to 1t.
%This reaction occnstitutes the principle cof the precipitin
test. Uhlenhuthg must be oredited with the distinetion
of being the first to publish results of tests of
‘importance in relation to the value of the precipitin
‘test end its pcssibilities in oriminal werk. He

injeoted rabbits with human blocd and tested the
antiserum on nineteen different blcods, finding only a

‘positive precipitin reaction with humaen blocd.

Almost immediately Wagsermanng demonstrated
experiments which he had made with gchltze, similar to
thoge of Uhlenhuth,at the Physiclogiocal Society Berlin
(1901). He showed that with enti-human serum, a
%positive reaction was given only with human bloocd and
%the blood of the menkey.

i F'rom thet time repeated experiments have been
Eoonduoted by many investigators tc determine the
%speoifjoity of the precipitin test. In this connection
;the names of Sohfitze, Stern, Ziemke, Nuttall, Graham-
%Smjth and Sanger amcng others should be mentioned. 1In
11901 Uhlenhuthj, published results of experiments with
éthe test, using blood stained articles. He obtained
gpQSitjve reactions with human bloocd stains upon a stiock,
§Sand, cotton, a coat, trousers, a hatchet and other
i&rticles. with anti-pig serum he obtained positive
reactions with pig blcod stains on linen.

Ehrlich and others recognised the specifioc

11
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. oharaoter of preocipitins. The majority of the
suthorities upon the preoipitin test are agreed as to
its speoifioity. Those holding this view are Nuttall,

. Wassermann, Scohtitze, Uhlenhuth, Florenoe, Kraus, Mirto,

1a.mong many otherg. Sutherland;p, states that in a

' private oommuni cation, Wilcox expresses his favour of

the test. Uhlemhuth in 190113 reported that his anti-
human serum had identified humen blood which had been

 dried for three months. It is of interest tc note the
zresults of his experiments with blcod stains, the
originsg of which were unknown tc him. BY means of the
tegt he wag able tc identify humah blocd upon &
bludgeon, when mixed with sand, when Imposed upon
woollen aloth, the stain in this instance being four

, years old, and from stains on the fork and opening of

vtrousers. He also tested for the scurce of putrefied

blood of men, horse, ass, ox, sheep, dog, cat, goose,
fowl, hare, rabbit, and steg, by employing the various

i
{

speocifioc precipitating antisera.

11l.
THE TZCHNIQUE CF THE TEST.

: In order to master the technique of the

' gpreoipitin test and to investigate certain problems in
éits appliocation, the writer devoted & considerable
iperiod of time 1n the labcratory, studying the test in
éeaah cf 1ts stages. He fully realised that a ocareful
istudy of the integral steps in the teochnique is
essential, before an cbgerver is In & position to carry
out the test accurately and to appreclate and interpret
the results obtained. It is obvious, that

before the test ocan be applied to & stain, the
substance ocmposing 1t must be brought Into sOlution,

By steeping the stained material in normal saline, it is

easy to obtein such if the stain be composed of Dblood,
tprovided it hag not been fixed by any agent. The
writer confined himself exolusively to this scolvent

, throughout/



throughout his tests and found it most effioient.

- Certaln oﬁsngérs’have fecommended the use of certaln
johemioal éﬁiutions to faollitate sclution of & stain of
014 stending, or where the staln had beeﬁ’aoted upon by
tannio acid as in_oeftain wocds or leathers. The writer

did not find this necessary.

Nuttallj, states that he encountered blocds
“whioh would nct pass intce sclution even after steeping

in saline for 24 hcurs at 3700. The blood stains usged
by the writer did not oause this diffioculty even after
' great heat had been applied to them. Nuttall alsc found
?that bloods sent tc him from het countries where they
)had been dried cn filter paper, refused tc go into
golution with saline.

It is essential that the solution of the stain

be as free from haze ag pcssible before applying the

antigerum, lest a positive reaotion be masked by an

existing haze or turbidity. If the sclution of the
blood stain acntains debris, it oan readily be cleared

by simple f1ltration or better still by centrifugalisa-

! t1on, the supernatant fluid being withdrawn by a pipette
~and the debris left at the bettom of the tube. A olear
is-oluizion of the stain having been obtained, difficulty
iwill be encountered in determining the strength of

dilution of the blood serum waicli has been extracted.

| Since & drop of blocd on an average coocupies an area of
%a ten pfennig piece or & sixpence, a portion 6f the
ésta:!n approximating one drop of blood gshould be exoised.
: This estimation, of ococurse, depends upon whether the

; blocd has been imposed upon thiok or thin materisal,
:whether or not it is abéorbent, and 1f sc, whether very
3 abgorbent. Ancther factor for oconsideration is whether
the blood was in & partially clotted state when applied

to the artiole under examination. The presence of clot

may be seen in a stain, and experience will dictate what
general allowance either way must be made to obtain an
aresa of stain likely to have been oovered by one drop of

' blood./



' blocd. When the stains under examination cooupy & -
legser area than that of a sixpence, an estimaticon
should be made having regard to this rough standard.
%Tpe determination of the degree of dilution of blocd
!serum 1s nedessary for medioo-legal work, as the highér
ithe di Tution yielding & pocsgitive reaotion the more
,gspecjfjo is the test. There can be 1little doubt as to
%ﬁhe delicacy of the test. Strangewaysl5 has shown that
-;reaotions mey take place in di lutions of blocd serum
i:even over 1 in 1,0¢(¢,000, for on adding & constant
amount of antiserum to progfessive diluticns, differences
in the amount of deposit, messurable to the eye, were
cbservable even 1n these highest diluticns, when the
precipitin had been collected in fine ocapillary tubes'
We must then congider the methcd whereby the
various strengths cf the dilutions are effected, a
portion of staln the size of & sixpence suspected of
being composed of blood having been excised from clothing
or other material. The exolsed stain is placed in six

ocubic centimetres of normal salline and allowed teo steep

%for & pericd of twenty four hours. 8Since each cubic
%oentimetre of saline contains approximately sixteen drops,
&nd since the exoised stain ococntains approximately one
drop, the resultant 41 lution 18 approximately that of

1 in 10C. Having cbtained this'dilution, it is simple to
ebtain dilutions ¢f 1:1,000, 1l:5,000, 1:10,000, and
1:20,000 which &re necessary in the medico-legal
application of the test. Such dilutions were used by the
writer in mast of his experiments. Tt is regrettable
that there ig at the present time, no method of cobtaining

an exaoct dilutien of blocod serum from & stalin.

Iv.

THE FCAM TEST AND COLOUR TEST IN RELATION TO THR
ESTIMATION OF THE STRENGTH OF THE DILUTION OF BLOOD SZRUM.

An extract of & staln having been effeoted, an
indlcation as to whether blcod serum 1s or 1s not presert
nay be cbtained by tha appliocation of the simple foan
test./




. test. Uhlenhuth was the first to mention this test,
and Nuttallls favours its use. The test consists in
blowing air intc the sclution by neans of & fine pipette,
when 1f sérum is present & more or less persistent foam
is produced. The greater the amcunt of serum present in
the sclution under test, the greater will be the amcunt
‘of fuam produced and the longer its persistence within
lipits. Nuttall states that as the result of experience
he can estimate approximately the strength of the
dflution. Belww &ré the results of experiments conducted
upon the foam tesf by the writer, who was investigating
the importance of the test in relation to the acouracy

of estimation of the strength of the dilution, by the

amount cof foam given and its duratlion. Blocod stains
oomposed of foetal blood dried upon filter paper for
three months were used for the tests. The stain was
extracted by saline in one and & half hours. Each test
tube contained three cubioc centimetres of each diluticn.
mhe foam test was applied by means of blowlng through

the soclution with a pipette. The degree of blowing was

uniform and lasted for & timed Deriod of five seconds

i 1n each ocase.

gtrength Blowing | Disap- Duraticn
c¢f Dilu- Nature of Fcam. )] ocom-— pearance of
tion. nenced. | of Fcam. Foam.
1:h0. Copiocus large (ll.3b&.m. 12 p.m. { 25 mins.
bubbled foam.
1:100. " v Not re- -
corded.
1:200. " " 2.30 p .m. 175 mins.
1:3¢0. " " 12. X p.m. 35 mins.
1:40¢. " " 1L55 a.m. 20 mins.
1:500. lLess oopious 11.35% a.n. | 123C p.m. | 543 mins|
large bubbled
foanm.
1:600. |Definite foam. " 2 p.m. |144% mins|
1:70C. v » 11.40 &a.m. 4% mins.
1:800. " " 1.45 pm {129% mins.
1:900. " " 12.30p.m. | 54% mins.
1:1,000. " " - -

In/



10.

In the dilutions 1:2,000, 1:3,000, 1:4,000
1:5,000, 1:6,000, 1:7,000, 1li8,000, 1:9,000, 1:10,0CC,
1:11,000, 1:12,000, 1:13,00¢, 1:14,000, 1:15,000,
1:16,000, 1:17,0cC, 1:18,000, 1:19,000, and 1:20,000
the foam produced was transitory and therefore its
duration was ugeless from & praotical peint of view.
The results of these experiments show that the duratien
of foam produced by applying this test 1s valueless as
& means of estimating the strength of d&lutjons under
test. The nasture c¢f the foam produced gave nc reliable
indication of the strength cf the blood serum present.
Dilutions of 1:H0 to 1:40¢ &ll yielded a ocpiocus large
bubbled fcam. The duration of the fcam alsc falled to
indicate the strength of the dilutions. In a dilution
of 1:5C the foam persisted for twenty five minutes,
whereas & diluticn of 1:20C yielded foam which persisted
for nearly three hours. In the dilution of 1:60C the
foam persisted for nearly two hours and & half. As the
result of tests, 1t was found that the fcam produced
by shaking the solutions in test tubes gave a reliable
'4ndiocation of the presence of serum in the solution,
by the formation of foam. The following tests were
nade to ascertain whether the extent and duration of
the foam 8o prcduced would indicate the 1likely strength
of the sclution under test.

For this experiment foetal bPlocecd shed on
fjlter paper twelve weeks previously was used. The
blood wag extracted with normal saline after steeping
for gne and & half hours. Rach test tube was filled
to & third of its capacity, and was shaken for a

period of fifteen seconds, commenocing at 10 &.m.

|Date of Experiment - 26/2/25.




Grcup

1.

Group

gtrength ‘ ghaking
of Dilu-} Nature of Foam. Gom- Duration
+tion. pleted. of PFoam.
1. 1:50. Copious fine 10 a.m.{Foam last[51 hrs. +
bubbled foam seen at
almogt f1lling 5 p.m.
tubg tc extent 27/2/25.
of £ of remain- Absent
maerning
ing” apace. of
2/3/25.
2. 1:100. As abgve but " " 31 hrs. +
filling tube to
% of remaining
spaoce .
5. 1:200. As abave but 1¢.1 a.m. " 31 hrs. +
Ti11ing tube to
L or remaining
3 apaoce.
4. 1:300. " 10.2 & " 31 brs. +
5.1 1l:400. As above - 1% 10.% aun. " %1 hrs. +
om. foam.
6. 1l:500 As above - 1 1G.4 a.n. " 31 hrs. +
ocm. foam.
7.0 1:600. | As above - 13 | L.5&.m " 31 hras. +
om. fcam.
8. 1:700. A8 above - 1% 10.7 &.1. " 51 hrs. +
om. foam.
9.1 1:80C. As abaeve - 1 1C.3 &.m. |Foam 96 hrs. +
cn. foam. pPresent
4 .30
p.o.
2/3/25.
10.1 1l:900. As above - 1% 1¢.9 &a.1. {Foam b1 hra. +
ocon. foam. seen 5 : :
p.m.
27/2/25.
Absent
morning
2/3/25.
11.]1:1,000.] As above - 1 1¢.15 &.1. |Foam b6 hrsg. +
enm. foam. present
4 .30
p.m.
2/3/25.
12.11:2,0c0. " " " D6 hrs. .
13.




Group

(Goné.)'

Graeup.

Continued.

12.

gtrength shaking
of Dilu- | Nature of Foam.] ' com— pur&tjon
tion. pleted. of Fgeeam.
13. 1:%,00C. | A8 above — % 10.16 a.n.| Peam 31 hrs. +
{om. foam. present
D p.m. |
27/2/25.
Absent
" imerning
2/3/25.
14.] 1:4,000. |As abeve — 3 1¢.17 &.m. v 31 hrs. +
on. fcam. ‘
15.] 1:5,0¢C . " 100 &.m. | 4.30 96 hrs.-+
- | 2/3/25
16.{1:6,000. {As abeve - % 10.20 an " 96 hrs. +
om. feam.
17.} 1:7,000. " " " 96 hrs. +
18.} 1:8,00C . " 10.21 a.m. " 96 hrs. +
19.} 1:9,000. » " " 96 hrs. +
20.} 1:10,000. " 10.22 am. " 96 hrs. +
21.71:11,000. |Layer of fcam. [lC23a.m | Feam 5 hrs.
disap- |37 mins.
peared
4 p.m.
P6/2/25.
22.11:12,00cC. |slight layer 10.24 am. | Foam 3 hrs.
of foam. disap- |18 mins.
peared
1.42
p.m.
p6/2/2F5.
23.}11:1%,000C. " " " 3 hrs.
18 mins.
24 .1 1: 14,000. " 10.25 a.n " 3 hrs.
17 mins.
25.1 1: 15,000 " " Faamn 3 hrs.
absent {20 mins.
1.45
p.m.
P0/2/25.
26.]1:16,000. " 10.20 &a.m. " 3 hrs.
19 mins.
27




Group

(Cont )

NN NN SN TN STIN TN NN NN TN TN ST T

Coentinued.

Sﬁrength
of DI lu-
tion.

Nature of Foa

m.

Shaking
oom—-’
pleted.

Duratim
of Foam.

Veryslight 10.26 sl 44 pins.

I&yer of foan.

Foam
absent
11.10
&.m.
26/2/25.

27.11:17,00C .

28, 10.276m| Foam | 38 mins.

absent
11.5

a.m.
2672 /25.

1:18,00C. - "

Fo&emn 3% mins.
abgent
11 a.m.

26/2/25]

29.11:19,000. | " ‘ "

Foam 22 mins.
absent

10.50
&.m.
26/2/5.

1:20,00C. | "

30. 10,23 am|

Tt is to be noted that the dilutions in Group
% ghow & Very much shorter persistence of foam than in
groupe 1 and 2. Qroup 2 exhibits a longer persistence

of foam than Group 1. The results of this experiment

' indioate very definitely that the foam test produced by

%sh&king 18 alsc useless to establigh with any degree of

aocuracy the strength of the dilution under test, and
that the duration of the foam produced, is such as to
render the test valueless from a practical aspect, on
acocunt of the period required for cbservation.

The foam test 1s undoubtedly of value In
indiocating whether blccd serum is present in the fluid,
and by the density a&nd copiocusness of the foam sc given,
an experienced gbserver is able to asocertain in a very
approximate manner the strength of the dilution of
bloed gerum within limits. 8o far as the writer is
aware these experiments have been oonducted for the
first time.

. Uhlenhuth/



Uhlenhuth &t fjrst relied upon the eoclour test,
and Ziemke &lso used this method to estimate the strenath
;of the dl lutions. Nuttall is of the cpinion that the foem
test is more reliable than the colour test and the writer
%also holds this view. In crder to observe the colour
grange of dilutions of different blocecds, &nd their
%response t¢ the foam teat, the following dilutions were
gmade, examined, and reported upon. All dilutions were
‘made Trom blcod which had been dried on filter paper.

%The advantages of keeping bloed in this manner are that
gthe blood is easily stored, olassified and preserved,
ithat falrly exaot diluticns mae be made rapidly by
normal saline, and that the solutjons cbtained are always
olear. In &ll cases the bloocd was five weeks old.

(A) gheep blood.

gtrength of Dilution. Colour. Foam Test.
1:10¢. Red. Persistent foam.
"131,00C . Yellow. | Persistent foam.
1:5,00C. V.M. gbtraw. Falirly persist-
ent foam.
1:10,000. Almost colour- mrensitory foam.
less.
1:20,0G0, " |Almost eclour—- | Transitory foamn.
less.

(B) Foetal blood.

Strength of Dilution. Coclour. Foam Test.
1:100. Red. Persistent foam.
1:1,0¢0. Yellow. Pergistent foam.
1:5,6¢0. Pale Yellow. Fairly persist-

ent foam.

1:10,000. Almost oolour-| Transitory fdam.
less.
1:20,000. Almost ocolour-| Transitory foam.

less.




Maternal blood.

()

less.

gtrength of Dilution. Colour. Foam Test.
1:10C. Red. Persistent foam.
1:1,000C. Pale Yellow. Persistent foan.
1:5,000. Almost oclour- Palrly persist-
less. ent foam.
1:10,0C0. Almost ocolour- Transitory foam.
less.
1:20,0CC. Almost occlour- Transitory foam.

The last =sXperiment was repeated with maternal

?blood six weeks cld &and preclsely the same resulis were

;bbtained.

(D) ox Dblood.

§ gtrength of Diluticn Colour. Foam Test.
1:100C. Red. Persistent foam.
|
} 1:1,000. Pale Yellow.] Persistent foam.
1:5,00C. Faint Yellow.| Fairly persist-
ent fcam.
1:10,000. Almost ooclour- Fairly persist-
legs. ent foamn.
1:20,000. Almost oolour- Transitory foam.
less.
(E) Sheep blecod.
gtrength of Dilution. Calour. Foam Test.
1:100. Pale Pink. Persistent foam.
1:1,000. Pale Yellow. Persistent foam
1:5,00C. Almost ococlour- | Pairly persist-
less. ent foam.
1:10,000. Almost ooclour- | Transitory foam.
less.
1:20,000. Almost oolour- Transitory foam.
: less.




j (¥)

]
% gtrength of Dilution. Coclcur. Foam Test.
i 1:100. Pink. Persistent foam|
1:1,000. Pale Yellow. Pergistent foam.
1:5,000. Alncst colour- Fairly persist-
less. ent foam.
i 1:10,00C. Almost eolour- Transitory foam.
; less,
1:20,000. A}most colour- Transitory foam,
ess.

solution olear.

(@) Partridge blood.

In the next two experiments

the stalns were
imposged on thick blanket material and the extract

required to be centrifuged in order to render the

g
gtrength of Dilution. Cclour. Fcam Test.
1:1c0. Reauish Brown. jPersistent foam.
1:1,000. Pale Yellow. Persistent foam.
1:5,000. Almost oolour- Fairly persist-
less. ent foam.
1:1C,00C. Almcst ocolour- Trangsitory foam.
less.
1:20¢,00¢. Almost oclour- Transitory foam.
less.

(H) Pheasant blood.
gtrength of Dilution. Colour. Foam Test .
1:10C. Reddish Brewn. |Persistent foam.
1:1,000. Pale Yellow. Persistent foam.
1:5,000. Almost oclourless)PFairly persist-
ent foam.
1:10,000. Almost colourless| Transitory foam.
1:20,0C0. Almest oolourlessd Transitory foan.
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Tt will be seen frOm'ﬁhese experiments that the
foan test was more or less oonsténﬁ in & general way, but
that the oclour test was unrelisble even with bloods of
the same age‘cclleoted and étored'in.anuniform menner.
The dilution of 1:10C¢ of plig's blood was pink, that of
sheép's blood pale pink, and that of partridge blood

reddish brown.. The writer made unsuccessful attempts to
%obtain colour matohings of several dilutions of various
%bloods at different ages, with dyes and colouring
matters, in the hope that stendard occloured sclutions
would be obtained, so that any given dilution of blood
oculd be matched and the strength c¢f the dilution
diselosed. It was found, however, after repeated
experiments that there were sc many faotors acting upon
shed blcod, that the cclour of & soluticn gave no
indication of its strength, exocept in & very rough and
unreliable manner. The varlations in oclour of & known
di lution of blood are due to the following factors

among cthers:-—

’

(1) The amount of haemoglobin present.

'(2) The contamination of the blood stain with occlouring

| matter or dye in the material cor article on whioh
the blood has been imposed.

(3) The age of the blcod.

(4) The treatment of the blood stain e.g. washing,
application c¢f heat, eto.

(5) The amount of serum present in the blood.

(6) The presence of carbon mcnoxide. |

On acoount of the variationg in the oclour of
the same strength of dilution of varicus bloods, the
colorimeter methods were not applied after the teochnique
of their application was investigated.

The rationale of tiic preoipitin test depends
upon the presence of blood serum In the sclution, not
upon.the presence of haemoglcbin. The cclour of a
goluticn therefcore 18 of no importance In estimating the

ptrength of dilution of the blocd serum present, except
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in & very general manner. The appliocation of the foam
test or the shaking test would appear to be the best

aval lable methods for cbtaining an approximate estimation

;of the likely strength of blccd serum present in

!

gsolution. The writer has found that the shaking test is
quite as efficient ag the foam test, as the alr mixes

with the liquid satisfactorily and it is simple to apply

when one has & large anmcunt of solution available. He

%18 not aware that this has been noted previcusly.

V.

THE SELECTICN COF CONTAINERS FOR THE
FLUID UNDER EXAMINATION.

Having obtained estimated dilutions of blood,
i.e., 1:100, 1:1,000, 1:5,00C, 1:10,00C, and 1:20,000,
the examiner has next to oecnsider the most sultable
vegsel Into which they should be transferred befcore the
antiserum is applied. The writer carried out many
experiments in the application of the test to dilutions
of blood serum contained in:-
(L) Wassérmann tubes. Vide photograph No. 6 (Left).

ft

4
(2) Dryer's tubes. Vide phctograph No. 3 (Left).

/(%) Durham's tubes. Vide photograph No. 3 (Right).

%(4) Capillary tubes. Vide photograph No. 10.

‘(5) Long thin tubes. Vide photograph No. 4 (Right and
Left) .

(6) mroughs made with long cover glasses set In
plastioene frames, (vide photograph No. 7) and in
frames made from black wax. (Vide photograph No.
12).

(7) mroughs made with microsocope slides set in plastiocene
frames. (Vide photograph No. 8).

He found that the precipitin reacticn was
shown equally well 1in Wassermann, Dryer and Durham
tubes. The Indication as to whether a Dryer or Durham
tube should be used in preference to & Wassermann tube,

lies 1n the amount of the sclution avallable, ag it 1s

obviously preferable to half fill the former two tubes,
&han/



. than to use the latter type of tube and have only

- suffioient soluticn at its base, when the reaction is
Emore diffioult tc examine. The use of long thin tubes
"ag in (B) was not considered satisfaotory when photo-

é graphs of the test were required, on acccunt of the high
lights given by the sides of the tube. When only a

small amount cof the solution 1s &vailable the cavillary

tube method as sugeested by Hauser17 and /. R. Collesqg
,and praised by Thlenhuth should be utilised. (Vide
photograph No. 21). This method yields satisfactory
 results. Many of the experiments ocarried out by the
writer and embodied in this thesis, were made In this
way. The advantage of using capillary tubes lies in the
faots that only & very small quantity of the solution
and antiserumjggg required, and that the tests can be
m&de rapidly énd ascourately, the reaction being well
exhibited. After the tests have been ocmpleted, the
tubes should be destroyed, thereby ensuring that all the
tubes used are fresh. Cleanliness cf the tubes 18

esgential, because the slightest haze cn the tube wall

‘may lead to error in the interpretation of the result
éof the test. Wash leather gloves should be worn, as the
Emcisture and heat from the hands of the examiner may
%oausevcondensation cti the glass. The technique adopted
by the writer was as follows:-

The oapillary tubes were boiled, dried, and viewed

‘against a black surface to eliminate contamination. A
|

geries of watoh glasses was arranged &and filled with the

various fluids to be tested. Another series of glasses
Ewas used, each containing the different antisera which
éwere tc bg applied. One end of the tube was placed Into
ithe antiserum against which the fluid was being tested,
until about a sixth tc a quarter cf its lumen was

f11led by capillary acticon. Thereafter the same end

|was placed into the fluid tc be tested, and sufficient
%of it drawn up to £111l three quarters of the lumen of
the tube. Hach end of the tube in turn was inserted

Hntc/
|



20.

ﬁ into a block of plasticene. This procedure effectively
é gsealed the ends. The tube was then inserted into a
pellet of plastiocene situated upon a ground glass plate,
. go that 1t stcod vertically, the antiserum being
uppermost. In this manner tests with diluticns of
. 1:1c0, 1:1,0¢0, 1:5,000, 1:10,000 and 1:20,000 were
" made. As the antiserum mixed with the solution of
% blood serum, & haze developed and ultimately a flcaculent
% deposit was cbserved. The writer did not observe the
é faint ooléurless ring at the pcint of contaot of the
é sogluticn under test and the related antiserum, which
Luoasl8 gtates 1s easily detected, nor did he note the
turbid ring when related antiserum was added. The
writer always inverted the tube immediately the

antigserum was added, so that 1t oculd mix intimately

with the fluid under test. As soon as this was done an
1-ridescent haze was noted when the two oconstituents of
the fluid in the tube came intc contact. Scon there-

after & haze developed and ultimately a preoipitin

appeared at the sides of the lowermost portion of the

. tube.

The reason for drawing up the antiserum into

the tube, before adding the solution under test, was to
prevent oontaminaticn of the antiserum in the watch
glass by the solution, thereby permitting the antiserum

to be used for further tests without risk.

Gapillary tube method. .
i (1) Plg blood. Three months old.

1:100 1:1,000 1:5,000 1:10,000 1:20,000

Turbid. Turbid. Turbid. Turbid. Tuarbid.

All posjthe within 20 minutes. Anti-pig
gerum titre 1:20,0C0 used. ’

(2) Human blocd. Four months old.

1:1c¢, 1:1,000, 1:5,000, 1:10,00C, and 1:20,000.
' Pested with antl=pig serum titre 1:20,000.

All/
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All negative after 24 hours.
(3) ox blocd. Three months old.

In &bOVeldilutions,‘tested7with.ahti—ox gerum
‘,ﬁitre 1:20,000.
A1l positive within 20 minubes.
(4) 'Thevabbve expériment wa s repeaﬁed, &nd the same
results were obtained. .

(5) Humen blood (Maternal). _Féuf;ﬁonthé cld.

In above dilutions: Tested with anti-ox

v§ gserum titre 1:20,00C. All negative after 24 hours.

| Fote:- Dilution 1:10,000 was thought to show & definite
haze, but on 1nvestiéation with a magnifying glass 1t
was found that the apparent olcud was due tc markings

on the tube wall, thus indicating the necessity of
scrutinising carefully the tubes befcre oconducting the
test.

It should be mentioned that with the use of
the ocapillary tube, the haze is typloal and develops
rapidly when an antiserum i1s added tc a related blood,
but that the development of & flcoculent depcsit dces
gnot maKe 1ts appearance within twenty mninutes, being
z most frequently not observed until several hours had
i elapsed, in many cases not until after an interval of
twenty four hours. Hauser19 18 of the opinion that
when the test is carried ocut Iin this way it dces not
matter whether the proportion of antiserum be 1:30 or
1:3, for with the blocod of many animals he never got a

precipitate within twenty four hours.
| The writer ocnducted experiments with
improvised stands made with long miorcscope ocover
glasses set in both plasticene and black wax. Stands
were alsce made in the same manner, with microsoopeAr
slides. (Vide phetographs No. 7, 8, and 11). By their

uge, one has a maximum surface over which to observe

%the formation of the reaction, with a very small
‘quantity of the medium under test. The fluid is held

;Qut in & fine layer by the sides of the oover glasses

i
i

]or/



' or miorosocpe slides by oapillary action, and when the
1layer of fluid 1s viewed against a black background, the
'haze 1s rendered Vvery distinot and the flooeulent deposit
%oan be readily deteocted lying at the bottom. Care must

be exercised in f£illing these narrcw troughs to prevent

;soi]jng of their extericr, &s being fragile they ocannoct
Zreadily be wiped or cleaned without the paessibility of
;displacement of the fluid contents, and 1f such ocours
the sclution quickly dries upon the surface, giving rise
5to a misleading haze. This will be olearly shown by the

. phctographe. In ocertain cases this soiling is unaveid-

;
?able and when it ccours, the surface should be wiped

i
!

$

1ightly with gauze saturated In abgclute alochol,
before viewing the results of the test. A very fine
pipette should be employed Tfor adding the fluids tc
these frames, a8 the space which should exist between
the oover glasses or glides should only occupy the
breadth of about three visiting ocards. The use of
black wax in the construction of the frames was found

to be preferable tc the standard green occlour of

' plasticene, 1T photographs have to be taken, on account
of the former eliminating high lights. (Vide

‘photographs numbered 7 and 12).

Vi.

METH(D FOR ARRAVGING TUBES .

when & large number of tests are being con-
ducted, 1t is necessary tc have & reliable systen of
arrangement cf the tubes, the ocntents 6f whioh are to
be tested. Nuttall recommends the use of a wooden
gtand with recks and a vertiocally moveable black back-
| ground for this purpcse. The writer, however, prefers
‘to use ground glass plates measuring eighteen inches
%sqﬁare, on which tc arrange the different serles of
tubes. Mhe tubes are held in a vertiocal position on
the plate by means of small pellets of plastiocene, into
whioch the ends of the tubes are embedded. This does

not/




Snot obsoure the base of the tube cther than the extremne
tip, as the amount of plastiocene used is small and 1s
found to hold the tubes effioiently. The tubes are
given numbers and are divided intc different series,

depending on the tests being made. Nach series is
provided with a distinguishing letter. The numbers

are insoribed cn the glass plate immediately gppesite
the tube to whioh it refers, whereas the letters are

placed at the commencement of eaoch row, thus:-

¢ O © @ G g ¢ ¢ © O
A1 2 3 4 5 B 12 3 45
CCOOOODOOOOO

1 2 3 4 5 1 2 3 4 5
Contrcls:

¢ O O Qo ©o© o Q O G @
A ] 2 3 45 B 12 3 45

0O ¢ ¢ o o ¢ ¢ ©o o ¢
C 1 2 %3 4 5 0P 12 3 45

Lerge numbers of tubes ocan be placed on one
plate of the size indicated. The background for
exanining the hazes and turbidities present in the
earlier stages of & positive reaoticn ig cbtained by
utilising & piece of stiff dull black sardbcard, which
. oan be placed in any desired pcsition by means éf the
hand. The advantages of this method were found to be:-
(1) The ease with which the tubes oculd be handled and
exanined . |

(2) That the plates with the tubes thereon could be
removed from one place to another when desired,
without danger of the tubes failing or their
contents being displaced.

(%) That the plates after use could be sorubbed and
‘the pencil marks remcved.

(4) That the plates could be placed at any level to
faol 1itate accurate examination of the tubes in an

optimum light.

Vil./



VIiI.
THE ANTISERUM.

Assume that suitable d4ilutions of blood have
been made, and the tyve of tube or frame to be employed
hag been determined, attention must next be direoted to
the condition of the antisera toc be used. Uhlenhuth
emphasises the necessity cof every antiserum used being
i proved effeotive and suggests that the preparation and
%testjng of antisera fcr medico-legal purposes should be
iunder gtate contrcl. This i8 & most Important suggestion.
;Its Toroe s readily appreciated when an examiner in the
British Isles nmakes an attempt to obtain antisera for
medicu—-legal purpcses. The writer encountered the
greatest diffioculty in obtaining suppliesg, having
deaided not tc prepare the animals personally on account
of certain olrocumstances. He found that supplies of
antigerum were not avallable in Britain, but were only
c¢btainable either from Germany or America. The antisera
ugsed in all experiments by the writer were supplied by
gdohslschey Serumwerk, A. G., Dresden. The antisera
were contalined in hermetiocally sealed ampcules each
containing cne oubic centimetre, which were delivered in
‘padded light tin tubes. The antisera were kept in an
ice chest when not actually in use. Suppllies were sent
from Dresden at intervals to ensure their being in a
fresh sondition.

Before using any antiserum the contents of thé
ampoule were ocarefully sorutinised to determine their
olarity. It was found that in certain Instances the
serum exhibited a h&ze after transit, but that on
leaving the ampoules standﬁng in a vertioal pogiticon for
twenty four hours, 1t became absclutely clear. In corder
tc be quite certain that the serum tc be used was
perfectly oclear, two drops were added to & tube contsain-
ing & half cubic centimetre of normal saline. TIf no
haze was produced, the serum was oonsidered satisfaotory
for use. HExamination of the antiserum before use is

eggential/




;essential to eliminate the pregsence of olouding cr

iopalesoenoe. Reference tc the latter condition will Dbe
%made in some detail later. If the antiserum be not elear,
éit will impart a haze to every olear fluld to which it 1s
{added, thereby vielding misleading results. Uhlenhuth
has suggested that some of the results of Kister and

WOlff20 and strubeg5 on ncen-homolcgous bloeods with

different antisera, may be explained by thelir having used
%opalescent antiserea, their results belng contrary tc those

‘of about forty other authors.

VIII.

THE MACROSCOPIC APIPEBARANCE (OF THE PRECIPITIN

The antisers having been found satisfactory,
the dilutions of the stain &vailable and the containers
or tubes for the fluid having been prepared, the test may
now be ocarried cut, by the additicn of the antiserum tb
the fluid under test. The writer in the bulk of his
experiments added two drops of antigerum to about half a

ocubic centimetre of each dilution. When antiserum is

iadded to & related diluted blocd serum, depending on the
ﬁoint of contact between the fluids, it either runs down
'the gide of the tube or drcps direetly aen tc the upper
layer c¢f the fluld column in the tube. In either ocase it
ginks tc the bottom and at the peints of contact, a milky
appearance is given almost immediately. This haze in
time inoreages and beccmes more dense at the base of the
tube than in the lower half of the fluid in the tube.
When the reaction is complete, and according tc Uhlenhuth
thig should ococur &t the end of twenty minutes for
medico-legal work, the fluild is olcouded, exocept in the
upper third of the fluid cclumn, and a floooculent depaosit
ig usually observed lying at the base of the tube. The
deposit ia formed by fine granules cf preeipitin which
coalesce to ferm floccull, and gsink to the bottom of the
tube as & precipitate. The small floococulent masgs

poesesses & whitish cclcur as a rule. (Vide photograph

%o./



% Nc. 5, tubes 2 and 7; alsc photograph No. 4, tubes 1 and
| 6). mhe above is desoriptive of & positive reaotion in
the lower dilutions, but in the higher dilutions, the

' resotion 1s shown usually by the formation of a whitish
~olcud, but not necessarily by the formation of &
preoipitate, unless the dilutions have stcocod for about
twenty four hours. Ziemke agsgerts that not infrequently
8 marked clouding may cccur whioh dces not necessgarily

. lead to & deposit after twenty four hours. The writer
Eagrees that this may be sc in high dilutions but he has
not obgerved it when dealing with diluticne of 1:10C to
1:1,00C.

Uhlenhuth and Beumer,, have Tound that 1n.a
dilution of 1:1¢,00C the ccommencement of cloudiness
ghould be apparent in three minutes and with a dilution
of 1:20,000 in about five minutes. From experiments
carried out it would appear that nc hard and fast rule
can be enunciated in relation to the exact time when a
clcudiness first exhibits itself, nor dees this faoct
appear tc the writer to be Vvery important in medico-legal
work, sc long as the reaotion is definitely positive at
. the end of twenty minutes. The writer hasg found that
certain antisera althcugh olear themselves, have imparted
& very faint yellowish haze, when added to the lower
dilutions of unrelated bleod. Such & haze need never be
confugsed with & positive reaction by an experienced
observer, as 1ts appearance is quite typical. Neverthe-
less the unskilled examiner should be warned against this
condition lest it should lead to &an erronegus interpreta-
tion of the result of the test. Uhlenhuth and Beumerpq
vgtate that the entire reaotion should take place at
v proom temperature, and must be at an end within twenty
*minutes, for forensie work. The reaoticns which ccour
vafter half an hour are of interest tc the bilologist,
vbut of nc use to the medico-legist, who I8 ccnoerned
"with the specificity of the test, and not with the
" tpamma lian resotion' as Nuttall calls it, which shows

"the/
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"+he relationship whiach exists between varicus speoies”.

Kraus,, obgerves that %7°c. 18 the optimum

| temperature for the precipitin reaction. Other

. suthorities as Nuttall, Wassermann and sohut2823 and

Myersz4 have confirmed this.

gtrube, however, does not lay muoch stress on

- the time taken for the feormation of & positive reaction

Eand congiders several hours may be necessary before it

avpears. The strength of the antiserum used shculd be

"noted. The writer used antisera of titre 1:20,000 for

:praotically all hig experiments. Both Uhlenhuth and

fNuttall have drawn attentidn toc the faot that over-

' pawerful antisera may prcve to bé a scurae of error in

lmedioo-—leg&l work, and Uhlenhuth, Kister and Wolff and

mwing have stated that when an antiserum 1s so powerful
as to produce & reaction in unrelated blcods, its aoticon

gshould be weakened by diluting 1t with salt sclution.

IX.
EXPERIMENTS WITH THE PRECIPITIN TEST.

The writer followed the suggestien of
Uhlenhuth in regard te keeping a stceck of bloed stains
of varieug ages, produced by the bleed ef different
animals, so that a sample of bleed of the kind alleged
te be present in & stain under examinatioen and ef

nearly the same age would be available. The bloods

kept among others were those of plg, ox, sheep, and of the

human, including fcetal. These were dried on filter

paper and the date inscribed. Human blood dried upon

‘approximately thirty different types of fabrie and upon

| peny different kinds of wood and leathers was also at

hand. In mediocg—-lexal work it is essential to have
controls of the test, using different bloods. It 1is
algso necessary to test the blecod solution under
examination with the different antisera 1n sueccession

until a positive reaction is obtained, if the bloecd 1s

to be identified further than as being human blcod cr

not ./

|



28.

not. The following experiments were carried out with

- human, feetal, and maternal, oX, sheep, pig and partridge

' bloods using anti-humen serum, in order tc study olesely |

? the reactions. The strength of the antisera used was

titre 1:20,00C.

A. Foetal blood. 8 weeks cld. Anti-humen serum used.
1. 1:100C. 2
2. 1:1,000. % Markedly positive remotion at the
3.' 1:5,060. } end of 20 minutes.
)
4. 1:10,000.) 1. Distinct cloud at the end of 10
) minutes .
5. 1:20,000.) 2. %0 5. 8Slight cloud at the end of
) © 10 minutes.
B. Foetal blood. 12 weeks old. Anti-human serum used.
1. 1:100. Distinot cloud after )
10 minutes. ) Markedly pasitive
2. 1:1,000. slight oloud after )
10 minutes. } reaction at the
%, -1:5,000. V. sl. oloud after )
10 minutes. } end of 20
4, 1:10,000. V. 8l. cloud after 3
10 minutes. ) minutes.
0. Meternal blood. 8 weeks old. Anti-human serum used.
1. 1:100. Digtinot cloud after )
10 minutes. )
2. 1:1,000. glight oloud after ) Markedly posi-
10 minutes. )
3. 1:5.,000. 31light oloud after } tive reaotion
10 minutes. )
4., 1:10,000. 8light olocud after ) &t end of 20
1¢ minutes. )
5. 1:20,000. 8light olcud after ) minutes.
10 minutes. )
D. Maternal blocd. 12 weeks c¢ld. Antj—human serum used.
1. 1:10C. Distinet c¢loud after )
10 minutes. )
2. 1:1,00¢. glight olocud after Y Markedly posi-
10 minutes. )
3. 1:5,00C. gslight oloud after ) tive reaoction
10 minutes. )
4, 1:10,00¢. Slight ocleud after } at end of 20
10 minutes. )
5. 1:20,000. 8light oloud after ) minutes.
10 minutes. )
E. Maternal blood. 16 weeks old. Anti-human serum used.
1. 1:10C. Ccloud after 10 minutes.)
} Markedly
2. 1:1,000. gl. eloud " 10 " )
} positive re-
3. 1:5,000. 81. oloud " 10 " )
) action at end
4. 1:10,000. 81. ocloud " 10 " )
} of 20 minutes.
5. 1:20,000. 81. oloud " 10 " )
E./



F. 0xblood. 8 weeks old. Anti-ox serum used.

| Diluticn. 2Vm1nutes. 5 minutes .| 10 minutes.4 20 minutes.
1:100. (V. Pt. Distinect V. Distinct
¢loud. Cloud. Cloud.
1:1,000. " " " Markedly
posgitive
1:5,000. " " "
reaction
1:10,000.{Nc Cloud. | Very S1. " in all.
Cloud.
141:206,000. " No Cloud. |g8l. Cloud.

G. Sheep blocod. 8 weeks olde Anti-ox serum used.

1:100.

1:1,00C.,

2
)
1:5,000. ; Negative regsults after 24 hours.
1:10,000. ;
1:20,0C0. ;
H. Partridge blccd. 12 weeks old. Anti-ox serum used.
Extracted from thick blanket material, thereafter
gsolutiong were centrifuged.
1:100.
1:1,000.
1:5,00¢. All negative after 24 hours.

1:10,000.

st Nt el e ast? sl et e v

1:20,00C.
The results speak for themselves, but ocomment
is necessary 1n regard to certain differences in the
reaction, when foetal blocd was used as cpposed to
maternal blcod. Halban and LandsteinerZB, have repaorted
that foetal blocd yields more precipitin with precipitat-
ing antiserum than does maternal, and(;hat ant1-human
gerum gives reactions with higher dilutions of adult
serum than of fcetal serum. We do not agree with the
latter finding sc far as cur tests went, but we are in

complete agreement with the former statement.

./
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ibeginning of & oloudiness should be apparent, and that

]l? Pig's blocd. 8 weeks ¢ld. Anti-ox serum titre

1:20,00C used.
1:1¢C. )
1:1,000. g
1:5,00C. g Negative at the end of 24 hours.
1:10,000. ;
1:20,00C. %

The positive results of these tests praoctically

agree with Uhlenhuth and Beumerj; whe state that when a

1:10,00C dilution is used, within 3 minutes, &nd when a

1:20,000 dilution 18 uUsed, within § minutes, the

the entire reaction should take place at room temperature,

and must be &t an end within 2¢ minutes for forensio

‘work. The following further tests were made.

A. gheep's blcod. 10 weeks old. Anti-pig serum used.

mitre 1:20,000.
1:100; 1:1,0c0; 1l:5,00C; 1l:10,000; 1:20,000.
All were negative even after 48 hours. (Vide

phctograph No. 2.)

iBi. Maternal blood. 12 weeks old. Anti-human serum usged.

Titre 1:20,00C.

1 a.0. of dilutions was added to each Dryer tube.
1:10¢; 1:1l,000; 1:5,000; 1:10,000; 1:20,000.
All were positive within 20 minutes. (Vide
photograph No. 3 Left.)

B . Maternal blocd. 12 weeks old. Anti-human serum used.

mMtre 1:20,000. 1 o.o0. of each dilution was added to
each long thin tube. 3 drcps of anti-human serum
were added to eaoh.

1:10G63 1l:1,000;3 1:5,0003 1:10,000; 1:20,000.

A1l were positive within 20 minutes. (Vide

photograph Left No. 4.)

Bz. Maternal blood. 12 weeks cld. Anti-human serum used.
mitre 1:20,000. Mioroscope slides mounted 1in
plasticene frames, were used and 2 drops of antiserum

were added to each. 1% c.c. of each dilution weré

added/
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added to each frame.
1:100: 1:1,0C0Q5 1:5,00C; 1:10,000; 1:20,000.
All were positive within 20 minutes. (Vide

photograph No. 7.)

é B, Maternal blood. 12 weeks old. Anti-human serum used.
| mitre 1:2¢,00C. Durham tubes were used. 1 c.o, of
each diluticn was transferred to each tube. 3% drops
cf antiserum were added to eadh.

l:100y 1:1,00C; 1:5,000; 1:10,000: 1:20,0CC.

All were positive within 20 minutes. (Vide

photograph Mo. % Right).

355, Maternal blcod. Wassermann tubes used.

1:10Cs) 1:1,00C0;3¢ L:5,00054 1:10,0005¢ 1:20,000.

7 drops| © drops | 3 drops Not 3 drops
serum. gserum. gserumn. done. serum.

i

All were positive at the end of 20 minutes. The reason
of the laok of uniformity in the amcunt of human antiserum
added was due to there being different quantities of the

d11luticns 1in the tubes. (Vide photograph No. 6 Left).

' Bg . Mabernal Blecod. Cover glasses mounted in plastiocene
éf;émes were uged. 1 ¢.6. of each dilution was added to
eaoch frame. -3 drcpe of anti-humen serum were added to
eaoch of the following di lutions:-

1:100;  1:1l,0003  1:5,000;  1:10,000;  1:20,000.
All were positive at the end of 2¢ minutes.

£1- 0Ox Blood. 10 weeks old. Durhams tubes were used.
Dilutions 1:100; 1:1,0¢C; 1:5,0cC; 1:10,000; 1:20,000.
i % drops antl-ox serum were added to each tube ocntaining
1 ¢.0. of each dilution.

All were positive at the end of 20 minutes. (Vide

photograph No. 5 Right).

i;h; ox Blgod. 10 weeks old. Durhams tubes used. 1 c.c
oE eaoch di luticn was added to each tube, thereafter 3
drops of anti-—oX serum.

Dilutions 1:10¢; 1:1,000: 1:5,000; 1:10,00C; 1:20,000

were used. ALl wers positive at the end cf 20 minutes.

frsas/
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(vide photograph No. 5 Left).

C3. 0x Blocod. Mioroscope slides in plasticene frames
were used. 13 o.o.8 of each dilution were added. 2 drops
of anti-ox serum were added to eaoch.

Dilutions 1:100; 1:1,0C0; 1:5,000: 1:10,000 were used.

All were positive at end of 20 minutes.

.Q&. 0x Bleocd. Cover glasses 1n plastiocene frame used.

2 6.0. of each dilution was added tc each tube. 2 drops
.antj—ox serum were added toc each.

Dilutions 1:100% 1:1,000; 1:5,000; 1:10,000; 1:20,00C

were used. All were positive at end of 20 minutes.

By. Foetal Blood. 12 weeks old. Long thin tubes were
Ee;ﬁloyed. 1l c.0. of each diluticn was added tc each tube.
23 drops of anti-human serum were added tc each.

bilutions 1l:100; 1:1,000; L1l:5,000; 1:10,00C; 1:20,000C
ﬁere uged. All were positive at the end of 20 minutes.
kVide photograph No. 4 Right).

Dy. Foetal Blcod. Cover glass frames were used.

g o.0, of each di lution was added to each frame. 2 drops
bf anti-human serum were added.

Dilutions 1:100; 1:1,00¢; 1:5,000; 1:10,0603 1:20,000
ﬁere used.

All results were positive at the end of 20 minutes.

Di Foeetal Blood. Miorcscope slide Trames were used.

F C.0.8 of each dilution were added to each frame. 3
?rops ¢f anti-human serum were added to each.

ﬁilutjons 1:100; 1:1,0CQ; 1:5,000; 1:10,000; 1:20,000
were used. All were positive after 20 minutes.

(dee photograph No. 8.)

EI' Pig Blood. 10 weeks old. 3% o.c.s8 of each dilution
@;Qe added tc eaoch Wassermann tube. 6 drops of anti-pig
éerumvwere added toc each.

?11utions 1:100; 1:1,000; 1:5,000; 1:10,000; 1:20,000

@ere uged. All were positive after 20 minutes.

g .
(Vide photograph Mc. 6, Right).
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r Eao. Pia Blood. Cover glass frame method was used.
1 o.0. of each di lution was added tc each tube. 2 drops

of anti-pig serum were added tc eaoch.

pilutions 1:100; 1:1,000; 1:5,0¢0; 1:10,0060; 1:20,000

were used. All were positive after 20 minutes.

Eg- Pig Blood. Durham tube method. 1 o.c0. of each

j d;lution was added toc each. 3 drops of anti-plg serum

2 were added to each. All were pcsitive after 20 minutes.

iDilutions 1:10¢; 1:1,000; 1:5,0003 1:10,00C; 1:20,000

. were used.

: P, Human Blood. Microscope slide frames were used.

5 o.0.8 of each di1lution were added. 3 drops of anti-
humen serum were added. All were pcsitive after 20
minutes.

Dilutions 1l:100; 1:1,000; 1:%,000; 1:10,000; 1:20,000

. were used. (Vide photcgraph No. 9.)

Fr. A di lution of 1:10C feetal blood 12 weeks old was
treated with 1 drop anti-human serum. Capillary tube

method. Definitely positive reaction cbtalined after

i 10 minutes. (Vide photograph No. 1G, Right).
' Fxg. A dilutfon of 1:100 human blood 16 weeks old was

used. 3 drops of anti-humen serum were added to 1% c.c.8

of the dilution.

A positive_reaotjon was obtained at the end of 20
minutes. (Vide photograph No. 11).

@- A dilution of 1:100 pig's blood about 17 weeks old
was used. 1% ¢.o0.s were added to a cover slip frame and
%3 drops c¢f anti-pig serum were added. A positive
resotion was obtained at the end of 2¢ minutes. (Vide

phctograph No. 12).

—

L
EXPERIMENTS WITH (PAIESCENT ANTI-HORSE SZRUM.

Opalescent antiserum by imparting a turbidity
to every olear solution to which 1t is added vitiates the
test. By chance a quantity of anti-horse gerum supplied
tc the writer was found to be cpalescent in character;
advantage was taken of the faot to occnduct the following

experiments,/




experiments, in order tc ascertalin the extent tc which
such an antigerum when added to an unrelated blcod might
_simul&te & positive reaction.

Pheasant Blcod. 12 weeks old. Opalescent anti-horse

éserum was used. The blocd was extracted from thiok

%blanket and the sclution centrifuged. (Vide ghotograph

1:10,00¢. Turbidity.
the antiserum.

ENo. 1.
( 1:100. Turbidity. )
( ) in all immedi-
( 1:1,000. Turbidity. )
3 D1ilutions ( ) ately following
i ( 1:5,c00. mTurbidity. )
used. é ) the addition of
Y
( )
( )

1:20,00C. Turbidity.
| Turther advantage was taken of the supply of
%opalesoent anti-horse serum to demonstrate that when it
iis added to normal saline & definite haze is Immediately
%deVeloped, whereas an antiserum which is in good ocondltion
;will not produce any haze, the saline remaining perfectly
%olear. This has been ncted by Uhlenhuth, who furthermore
%states that & slight opalescence 1s usually peroceptible
éwhen any antiserum is added to blccd dilutions, the tube
{being viewed by strong transmitted light, but the olouding
here referred tc is much more marked. In the results
recorded &bove 1t will be noted that the turbidity is
uniform in all di luticns.

mo 1 o6.0. of *85% saline 4 drcps of cpalescent

anti~horse gserum were added. These Iimparted a very

gdist:lnot turbidity to the saline sclution and prcduced a
%deposit after standing for 24 hours. (Vide photocgraph
%No. }A).
%The presence of & deposit in this regard has not been
recorded previcusly sc far as the writer Is aware.

To the same amcunt of saline in another tube
4 drops of anti-pig serum in good aondition were added.

The saline in this case remained clear, there beihg only a

very slight yellow tinge imparted to the fluid, due to
%the pale straw colour of the antiserum. (Vide photograph

ﬁo. 1B.)

| Nuttall/
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Nuttallzé, Uhlenhuth27, Miegsner and Rostosk128
have enccuntered opalescent antisera. The true cause of
an opalescent serum is apparently not yet beyond surmise.
Uhlenhuth states that he has encountered the oondition
much more frequently in intraverncusly treated animals.
Dr. Grehan-gmith has found several rabbits yielding
opalescent antisera tc be affected by Cysticerci.
Although the true cause of opalescence has nct yet been
established, this does not affeoct the pesition of the
‘medico-legal exaniner, who must be con hig guard against
its uge. Cn applying such an antigserum to normal saline,
a oloud cf uniform character is almost immediately
;produoed. Tt affeots the whole fluid and is not re-
strioted to the lower two thirds of the tube as 1s the
Eprecipitin reacticn. (Vide photograph No. 1).

Cbhgservations. When any dcubt arises as to

Whether the antiserun to be used is 1likely to impart a
_’haze orr account of its conditicn and not as the result of
?a pogitive action, the saline test as above should be

?ade, prior tou prooceeding with the preoipitin test. The .
;riter feels satisfied, as the result cf the many tests

?e has oarried out, that certain antisera, although fresh,
nay impart & very slight haze when added to an unrelated
blood, but this need never be caonfused with a definite
positive reaction, when the examiner has suffioclent

experience. When & haze due to opalesoence ccocurs, it

shows itself immediately the antigserum is added, and does

hot inoreasgse in amcunt as the result of time.

2

THE APPLICATICN CF THE PRECIPITIN TEST
IN CRIMINAL CASES.

The Avplication of the Precipitin Megt In & case of
Homicide.

The age of the staln was eight weeks. A

suspi oious stain was found upon the shirt of accused. The

;trength ¢ the extract frcm the staln, which was cbtained
W1th normal saline after steeping for 24 hours, was

tstimated/
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estimated as being abcout 1:H0 on account of the positive
character of the foam test and the colour of the sclution.
The material cocn which the stain was imposed was teased
out 1n saline with needles to facilitate the effecting

. of & sclution of serum. The estimated strengths of the

f dilutions used for the test were:-

i 1:hCC, 1:1,c0C, and 1:%,000. It was not thought

é expedient to use the 1:50 extract as the colour was too
~deep and would probably mask the reacticn. To preclude
the possibility of the blood being that of the oow,

% control tests were made using anti-ox serum. Wassermann

~ tubes were used.

Tube 1. Tube 2.

1:50C extract from stain. 1:1,00¢ extract from stain.

4 drops anti-human serum 4 drcops anti-human serum
added . added.

Tube 4. Tube 4.
1:3%3,000 of extract from Normal saline. 4 draops
gtain. 4 drops anti-ox anti-human serum added.

gerum added.

mube 5. Tube 6.

1:1,00¢ dflution of human | 1:500 ox blood extracted

blocd extracted from from f1lter paper, same
filter paper. Stalin was age as stain under test.
of same date as the one 4 drops anti-human serum

? under test. 4 drops anti-| added.

human serum added.

Tube 7. Tube 8.
1:1,000 dilution of ox 1:10¢ dllution ox blocd
blocd extracted from extracted from filter

filter paper, same age as paper, same &ge &s gtain

gtain under test. 4 under test. 4 drops anti-
drcps aenti-human serum 0X serum were added.

added.

The /




mhe saline remained olear on the addition of
the anti-human serum which was in gcod ocondition.
Results.

(vide photograph No. 13).

mube 1. mube 2. m™ube 3. Tube 4.

Posjthe re- {Pogitive re-|Negative Clear.

action within aotion with-| after 3

20 minutes. in 2¢ hours.
minutes.
mube 5. mube 6. mube 7. Tube 8,
Positive re- Negative | Negative af- | Positlive

sotion withig after 3 ter 3 hours. | within 20

20 ninutes. hours. minutes.

The tests proved ccnclusively that the staln
tested was ocomposed cf human blcod.

The application cf the Precipitin Test in & ocase
cf Muxder.

A portion of stain was removed from & Jacket,

é & vest and trousers of the acocused man. These exhibited
% a dull dirty appearance, the whcole of the areas cccupied
by the stains being mud ocvered. The size of the
portions excised varied from cne inoh tc about two Inches
square. These were placed in separate watch glasses, and
steeped in & requisite amount of -87% saline for a

period of 24 hours. Thereafter the elothing was teaged

out by means of mounted needles, until the fabric In
each instance formed & pulpy mass. The extraot was then
rencved by means of & plpette intc separate Wassermann

? tubes. The extraot was found to be & mud coloured

| solution, ocontaining & large quantity cf earth-like
material in suspension and responding tc the foam test.
The tubes were then placed in an electrical centrifuge,
for fifteen minutes. Cn remcval, the solid matter was

% found to be regsting on the foot of the tubes, while the

" £1uld above was clear, and exhibited a very slight yellow
_tinge. The olear supermatant fluld was transferred by

. means/
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means of & pipette tc fresh tubes and four drops of
t anti-human serum, titre 1:20,000 were added to each. A
? positive reaction was given in all within twenty minutes.
¥ Portiong of the extract treated with anti-ox serum,.
% titre 1:2¢,060, yvielded & negative result. 7The latter
| test was applied beosuse of & likely defence, bhat the
% gtains had been proeduced by cow's blocd which had
; splashed on to accused's oclothing, while he was present

§ during ocalving.

XII.
FURTHER APPLICATIONS OF THE TEST.

The application of the Preoipitin Test to a

A portion of woollen undervest of & suicide,
measuring cne inch square, was exocised and steeped 1in
normal saline for twenty four hours. A positive reaoction
wasg obtained on the addition of four drops of anti-human

g serum, within twenty minutes. mThe extract was positive

to the foam test. The estimated strength of the dilution
 used was 1:1,00C. |

| This experiment was undertaken on account of
‘the results of H&nsemann29 who obtained the precipitin
reaction with mummy material 4,000 years cld. Meyer J.30
was suococessful with mummy material 5,000 years old.
Priedenthal, however, falled with & mummy 500 years old.
Bibndi obtained reaoctions with human blcod stains

31
‘which had dried 1¢-15 years, but not with those dried 20

i
%years.

5 It would appear that dried bloocd may remain

for very long periocds without affecting the action of
the precipitin test. Bl&od serum 1s apparently a very
stable body sc far as the effeots of age are concerned.
Beumer32 has applied the precipitin test for
the medico-legal examinaticn of bones, stating that
provided the bones had not been roasted or incinerated,
fthe test was of value in determining the source of the

i bone .
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The application of the Preaipitin Test tc deteot
the crigin of bone.

A square centimetre of human skull bone about a
year cld, having upon it a Few speocks of naterial resemb-
é 1ing blood, was treated with 4 oc.c.s of +85% saline for
% twenty four hours. The estimated dilution was abbut
! 1:20,000. The foam test was positive. A positive
reaocticn té anti-human serum was obtained within 20
. minutes. A negative result was yielded when anti-pig

; gserum was used. (Vide photcgraphs No. 14 and 15).

—_———

RIIL.
THE, VALUE CF THE TEST WITH BLOOD MIXTURES .

Nuttall35 in hig most interesting work
raises a pcint of great mediocc-legal interest. He

carried cut tests with a view tc determining whether or

not & mixture of several different kinds of bloods in
sclution wculd prevent & reaction taking place upon the
§ addition of an antiserum whioh was effective when added
2 tc one of these bleccds alone in solution. He feound that
% when twe to gix different blcods were brought together

; into solution, so that each blood in the mixture was
diluted to about 1:50¢ or 1:600, the presence of other
blocds did not impede a reaction taking place between an
antiserum &nd its homologous bleoecd in the mixture. The

antisers only acted, however, when a suitable bloocd was

| present in such & mixture.
‘ ziemK934 repeated Nuttall's experiment and
| confirmed his findings.

Uhlénhuth tegted an unknewn dried blccd
nixture supplied tc him by Beumer and by the use of the
é precipitin test diagnesed that it was composed of pig
‘and sheep blocd. Beumer thereafter stated that his
diagnosis was ocrrect, he knowing the composition of the

stain which he had supplied to Uhlenhuth for examinatim.

Having regard to the medioc-legal importance of this
finding, the writer conducted experiments with the

underncted results:-
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Tube: 1,

Contained equal mixtures of % o.c. of 1:100
dilution of human blcod and pig's biood. 2 drops of
anti-pig éerum, titre 1:2,000 were added. A positive
reaction was cbtained withiﬁ 20 minutes.

Tube 2.

As above but 2 drops anti-human serum, titre
1:2,00C added. Pcsitive result Within 20 minutes.
 pube 3. | |

As above but 2 drops anti-ox serum, titre
1:2,00¢ added. Negative result after 24 hours.

Tube 4.

% 0.0. pig's blecod dilution 1:100 alocne. 2
drops anti-pig serum, titre 1:2¢,0C0 added. A positive
and more intense reaction obtained than in tube 1 within
- 20 minutes.

. ube 5.

As above only 2 drops anti-human serum added,
titre 1:20,000. Result negative after 24 hours.
| 4 o.0. human blgod dilution 1:100. 2 drops
anti-pig serum, titre 1:20,00¢ added. Negative result
after 24 hours. -

As above only 2 drops of anti-human serum
titre 1:20,00¢ added. A poesitive and more Intense
reaction ocbtained than in tube 2.

(Vide photograph No. 16).

It oan be asserted definitely that when dealing
E with mixtures of bloods, and on applying the antiserum to
an& related biood gerum presentAjn the mixture, a
positive reaotion will be obtained. 1In such a case the
extent of the reaotion will not be as great as when the

antiserum is applied to & related blocd serum &lcne.

ot g ¢

XIV./
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4IV.

EXPERIMENTS T¢ INVESTIGATS THE AMOUNT Of
BLOGD STAIN NECESSARY BEFCRE THE TEST CAN
BE AUPLIED SATISFACTCORILY

| EXperiments were oconduoted t¢ demonstraﬁe the
;faot that only & very small quantity of blocd serum is
irequired t¢ ocarry out the precipitin test guccessfully.
Prequently Jjurists fail to apply the test because they
are of the opinion that the amcunt of stain available is
insufficient for the purpcse. Humern blood dried upon
Ti1lter paper for fifteen weeks was used. An area the
%size cf & sixpence was excised to represent one drop of
%blood. The staln was halved, quartered, out {intc
iéighths, then into sixteenths, and finally thirty-
'seocndths .

| The dilutions were cbtained as follows:-

fl. % ares in 6 o.c.s saline = 1:200 dilution.

%2. ¥ " " 3o0.c.s " = 1:200 "

23. + " " 1% o.c.s " = 1l:20c "

4. 'il'6 " "% .0, " = 1:200 "

%5. ;% " " # c.o. " = 1:20¢ "

‘ The stains were steeped in -85% saline for 24
hours.

Charaocters of Solution.

1. Persistent fcam - very pale broewn colour.

" 1) LY " " 1]

o

W
|

" L34 L (1] " (14

" 11 " " ”" "

57

Next dilutions of 1:20,00¢ were made from the

di lutions of 1:20C.
mhe ocapillary tube method was used In testing

the dilutionsg of 1:2¢,000.




Durham_tubes_used.

Capillary tubes
uged.

Amount of
Dilution used,

1:200 Dilution.

1:20,0C0 Dilution.

1 c.c.

3 drceps anti-human
gserum titre
1:2¢,0CC.

3 drops anti-human
gerum titre
1:20,0¢0.

A
o
[¢]

‘1% draps anti-

human serum,
titre 1:20,000.

N
o
o)

1 drcp anti-human
serum, titre
1:20,000.

1 drep anti-human
gerum, titre
1:20,0C0.

All gave pagitive results within 20 minutes.

It must be admitted that the carrying out of these tests

tock place under very favourable oconditions.

In certain

mediocc-legal cases, when the solution of the stain is

ivery dirty and ag the result of centrifuging & ocopicus

jdeposit is obtained, diffioculty might be encountered when

dealing with very small amounts.

In such & ocase the

‘oapillary tube method, which requires only one drop of

fluid, would be suitable.

1t appears therefore, sc¢ long &as blood serum 18

épresent in a stain, irrespective of its amount, that with

?proper teohnique the precipitin test may be applied

fsuocessfully.

et

Lts
L .

THE SPECIFICITY (F THE TEST.

8¢ far as all the previous experiments are

eonoerned no doubt has been raised regarding the

‘gpeoifiocity of the test.

The neames of many authorities

‘have already been olted who have expressed thelir favour

ot/
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of the test and have lauded 1ts speoific action. The
literature on the subjeot published in the year 1902,
however, indlcates that other cbservers did not hold the
same viaw. These were Strube35, Kister and Wolff36,
Linossier37 and Okamotojg. The f1rst mentioned found tha
anti—human gerum produced & slight reaction with ox,
sheep and pig bloods; Kister and Wolff that human blcod
1s more strongly aoted upon by anti-hcrse and anti-ox
sersa thaen by anti-sheep cor anti-pig sera. Several
authorities have attributed the latter findings to
experimental errcr. Iiincssier found that anti-human
gserum preoipitated the sera of ox, hcrse, dog, sheep,
guinea pig and fowl, with the qualification that the
reaction was inccmparably greater with human blood.
Okamoto found that «ll animal bloode gave negative results
- when anti-humen serun was added, but that one seventh of
. the human blcod stalns that were tested by him, gave
negative results con the addition ¢f anti-human serum.

- The writer's findings based upcn the foregolng tests

; proved to him that the precipitin test, as applied to

~ various bloods, was rigidly specific in its aoction.
Bxperiments were conduoted with anti-horse

| gerum to determine whether it was rigidly specific, ag 1t
had been noted by the writer that previocus research work-
| ers had recorded scme disquieting results in this regard

| and he had incidentally notioced & suspiocion of these,

| whi le pursuing other experiments. In May 19C1 Nutta1159

- published results, having tested 24 blcods with anti-

| horse serum, when he found that only horse serum reacted

" to its entiserum. Uhlenhuth,y Dublished the regsults of

- having tested 24 blcocds with anti-horse serum in July of

é the same year, when he found that nc other bloods outside
% those of the horse and donkey reacted. In an artiole by

: Kister and Wo1ff41 published 1n 1902, 1t 18 stated that
tests on five bloods with anti-horse serum surprised

them. They tested the blcod of the horse, pig, oX, sheep.

and man. All bloods olouded on the addition cf anti-

%horse/
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horse serum. Strong diluticns were used.

It should be ¢learly understocd that the anti-
horse serum used in the following experiments was in
excellent condition, being clear and fresh, having been
delivered after careful preparation.

All stains used were at least three months old,
and were. compesed of human blcod in the first two groups
of tests. An area of stain the size ¢f a sixpence was
used. It was steeped in 6 o.c¢. normal saline. A1l

stains were steeped for 24 hours.

Grocup A.
Reaoticn Treated Control
with with 2 of

Lituous. drops anti4 saline
hcrie and 2

gerum. drops
anti-
horse -
gerum.
1.]{ Dull red wocllen gl. acid. Digtinot
material. haze.

2.] Light blue wcollen} S1. acid. | Dense haze All
material.
were

i %.] Bright red wcollen| Sl. aoid. Eajnt haze per-

material.
feotly
1 4. PinK woollen mat- gl. acid. Dense haze] clear.
erial .
5. Green wcollen gl. aoid. Very faint
’ material. haze.

The dilutions were approximately 1:10G. & G.C.

of each was used.

All hazes deVeioped within twenty minutes.

%Group B. wWhite octton - humen blocd, several weeks old.




Treated Contrecl cf
Reaotion | with 2 Approxi-~ | saline and 2
Dry with drops maéte dilu-{ drops anti-
Heat . Litnus. anti- tion. hgorse
horse serum.
seruu.
10¢9¢.
1| Expcsed Neutral. | Clear. 1:10G6.
1 hour.
All
2 | BExXposed " Absol- 1:100. perfectly
2 hcurs. utely -
oclear. clear.
% | Bxposed ! " 1:100.
3 hours.

: viewed afte

% o0.0. of .each dilution was used.
Group C.

(1) 2 drops of anti-horse serum when added to 4 o.o.
of & diluticn of 1:100 foetal blcod four months old, did
not produce &any haze within 20 minutes.
(2) 2 drops of anti-horse serum when added to % o.o.
of & diluticn of 1:100 maternal blcod four months old,
d1d not produce any haze within 2¢C minutes.

(3) 2 drops of anti-horse serum were added to % ¢.0. of

; & dilution of 1:100 ox blocd five months old, and pro-

duced & very deoided haze within 2¢ minutes.
(4) 2 drops anti-horse serum were added to % o.c. of &
dilution of 1:10¢ pig's blood five months old and pro-
duced & very falnt haze within 2¢ minutes.

1

(5) 2 drops of anti-horse serum were added tc & ©.0.

dilution of 1:10CG of sheep's blocd five months cld and

- produced a very distinot haze within 2¢ minutes.

(6) 2 drops of anti-horse serum were added to % o.0.

dilution of 1:10¢ of human blood five months cold whioh

. had been made acid in reaotion with 3 drops T% H,S0,
.. and produced a distinot oloud within 2¢ minutes.

3 Nos. 2 and 3 in Group A. and No. 3 in Group C. when

r 24 hours showed the presence of a slight

1 floaoulent depcsit.

. observations./
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Cbgervations. Dilutions of human blood serum when aoid

In reaocticn exhibited turbidity after the addition of
anti-hcrge serum. Dilutions of human bleod serum, neutral

in reaotion which had been extraoted from stains which

. had been expcsed tc¢ dry heat of 100%C. for from cne to

three hours did nct yield a turbidity on the addition of

anti-horse serum. Neutral diluticns of ox, pig and

sheep blocd became turbid on the addition of anti-horse

serum.

The experiments in Groups A., B., and C. were

. repeated using oclear anti-plg serum.

The tests embodied In Group A, ylelded dense

- turbidities in the presence of an &cid reaction. These
écan be acocunted Tor by the faot that the stains were
?steeped longer in saline, and as & result more dye was

iextracted, producing a more Intense aocid reaocticn.

Group B. Negative results were yielded.

Group C. The results were negative with the

exception of test 4, whiah ylelded & merkedly positive

reaction within 2¢ minutes.

RVI.

THE EFFECT CF THE NATURE OF THE REACTION CF
BLOCD DILUTIONS UPCM THE TEST.

Experiments were next made to deternine the

effeot of the reaction of the fluid under examination, m

%the results of the test. The literature on the subjsot

éreVeals oonflioting views. A solution of normal blood 1is

Talkaline, but it was found by the writer that on testing

dilutions of 1:10¢ up to 2¢,c0¢, litmus paper did not

Ereveal thig, probably because of the high degree of the

dilution of the blood. The use of an indicator was not

Zthe prese
éwas not afrfeoted.
ition only'ooourred when the T

%neutral, a slight opalescence was obgervable,

%fOund necessary, &s when litmus paper failed to reveal

noe of an a&cid or alkaline reaction, the test
mohistovitohy, found that precipita-
eaction was alkaline, 1f

and that

%no reaction took place when the dilution was &old.

i

Lincssiex/
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Lincgsier and Lemoine45 found that sulphurie acid
lessened the reaction, it being entirely prevented

by acid 4-9:1,000, that gocdium ocarbonate greater than
+66:1,000 oheocked the reaction proportiocnately with the
strength of the alkalinity. Rostoskliys states that
preciplitation 1s impeded by an alkaline, and aided by

an aoid reaction. Di Ma.ttej46 states that the presence .

of H,y8C, interferes with the reaoction. Graham Smith and
sanger,q, gtate that the precipitin reaction is inhibited
by the presence cf acids and alkalis. Vincent47 states
that the reaction is affected by aocetio, citrie, lactioc,
oxalioc and tartaric acids if present % parts in 1,000,
and by the Tollcwing alkalis:- ammonia, caustioc potash,
and caustio scda.

The Nature cf the Experiments oonducted.

e e o e et S e e P et e e P R b e e S i et i P S g T o w w e C m t en

The humen blocd stains used were six weeks old.
Many different samples of oloth fabriocs were selected
and thereafter the blood was impcsed upon them.

The fcllowing investigations were made in each

instance:-

(1) The nature and oclour of the fabrio.

(2) mThe appearance of the stain, having regard to 1ts
age, the type of fabrioc on which it was situated,
and the cclour of the material.

(3) The oolour of the dilution of the stain obtained
with ncrmal saline. .

(4) whether the dye of the material on whioh the stain
was imposed passed into solution along with the
blecod serum.

(%) 1In the latter event, whether the reaction of the
gsolution was neutral, aoid or alkaline.

(6) 1If acid or alkaline, whether the test was affected,

and if so, toc what extent.

mhe results of the experiments readily permit

cf tabulation asg followg:—

GROUP I.



48.

Neture Preci -
and Apvear-|Colour | Re- Strength|Foam| pitin
oclour { ance ofjof sol~{ aoction. of test,| reac-
of gtain. {ution. dilu- tion.
Tabrie. tion.
1} Iiight | Black- {Yellow— Very 1:1CC |(++ | 4+ +
blue ish ish glight4 approx-
wocllen | matted !brown. ! ly imate-
fabric.i gtain. aold. ly.
2| Light | Black- {Green- " " ++ + +
green ish 1sh
wcollen | colcur- | brown.
fabric. | ed mat-
ted
gtain.

3icarmine Dull- Pink.| glight4 " 4+ + 4+ +
woo llen red 1y
fabric. | matted aaid.

stain.

4] Pink Dark |Pink- | Mcder- " ++ |. +++
waollen | brown ish ately -
fabric. | matted |brcwn. acid.

stain.

5] Red Blaok- Bright | Moder- " H+ 4+ +++
wacllen iah pink. ately
fabrio. | matted aocid.

atain.
gtrength of Precipitin Reaoction.

I.

—
[

P.P.7. Reaction.

) y 1. V. distinot 4+
y Acid ) _

2.) \‘ 2 1] " ++
) reaction Y . i

3.) % 3. + 4+
Y d th )

4.3 ve o the ; 4. Dense + 4+

59 ¥ ) 5. +++

1t should be noted that in solutions 4 and b

%where the aoldity was greater, the reaction was intensi-

" fied. The strength of dilution in each case was m&de

‘ag uniform as ocircumstances wculd permit. An area

Erepresenting the c¢ircumference of & giXpence was

Eexcised from each stain to represent one drop of blood.

Zanh was soaked in 6 o.c. saline for 24 hours. Anti-

' human serum was used. For the next experiment

fsolutions gimi lar to those in Group T were neutralised

. with & weak scluticn of ammonjum hydrate, the prccess of

neutralisation/




neutralisaticn being tested with litmus paper in a very

careful manner.

Preocipitin Reaction.

; gclutions as . ) Distinot +

| 2. Z abcve but 2. 3 Digtinot +
3. 3 neutralised 3. S Digtinct +
4..% with weak 4, ; Distinot =+

| 5. ; ammonium hydrate. 5. ; Distinot +

It will be seen that when the sclutions were

" neutralised, all gave & positive preoipitin reaotion, on

the addition of anti-human serum, but less marked than
| when the solution was acid. In dealing with sclutions
" of blood stains on olething, 1t will be fcund expedient
| to centrifugalise them, lest hairs or portions of debris
. be present. thus affecting their oclarity. It 1s
necessary to shake the tube, after neutralising the
oontents, lest scme of the alkali used has adhered to
the tube wall and later as the result of passing down
into the fluid under test, the solution 1s rendered
alkaline instead of neutral in reaotion.

Group iii. gtains same age a8 in Group i.

Anti-human serum used.

Nature

and Appear- | Colour| Reaoc- St rength |Foam | Pre—

oc lour ance of lof sol-! tion. [cf 41 lu-ttest.] olpi-
of gtain. {uticn. tion. tin

fabrio. reac-

tion.

1 Purple |Blackish | Brown- Feutr.| 1:1CQC + + +
linen. | indefin- ish
ite red.
staln
best
seen In
artifi-
oial
light.




Continuation of Table.

Nature :
and |Appear-iColcur Reao-| Strength|Fcan | Preoi -
colourfance off of (tion. of (test. {pitin
of gtain. golu- aflu- reac-
fa.br:{o1 ticn. tion. tion.
ol ¥avy | Dull Pale | 81. | 1:100 | ++ | + +
blue (faint brown.lacid.
wooll-lbrcwn
en mat<4matted
erial.|stain.
3| Purple|Brown Red- al. " + + + +
felt. |matted dish |aoid.
gtain. {brown.
4| Green|Black- |Green-| Neutt " + o+ +.
octton] ish ish ral.
grey vellow.
matted.
5l Nigger| Red- Brown- " " + + +
brown dish ish
‘buaok- | brown red.
ramn. |matted
glosay
stain.
6f Multi-| Milk Pale " " + + +
col- chocou— | brown.
cured late
pattert colour.
ned
oottond
7l Light Grey- | Straw. " " + + +
blue brown
sateen| gl .
ghiny.
8 vulti-} Brown | Pale " " + & -+
oo l- brown.
oured '
cotton
9| Pink Red—- | Pale " " + * +
sateent dish | brown.
browli.
14 Tur- | Light Pale " " + + +
quoisel brown brown.
blue stain.
velvet
11 Taven-{ Brown | Tea ! " + t *
der matted ool-
net our.
¢cloth.
11




Continuation of TMable.

Nature
and Appear- Colour| Re&ao— gtrengthifoam |Preoi-
colour | ance cfl of ticn. | of dil-|test.[pitin
‘ of sgtain. | sclTu— ution. reac-
fabriao. tion. tion.
12 Tale Dark Light Neut—- 1:10¢ |4+ +
blue brown brcvm. ral.
linen. with
1ight
ares -
sugge 8-
tive of
gerun.
1%} Deep Hard Port " "
blue rough , wine. t+ +
velvet. | brown
gtalin.
14 | night Matted | Cinna- " " ++| +
brown hard - men .
velve-— dull
teen. brown.
15 | Multi- | Brown. Red- " " + + +
bright dish
oo l- brown
oured
print.
16| ghot Brown-| V. Ft " " ++ +
pinkish isgh vellow.
yvellow pink.
silk.
171 Bright Green-—- nark V. 81/ ! ++ ++
multd- ish browni aocid.
col - blue.
oured
print,
light
blue
ground.

neutralised with weak ammconlum hydrate.

gcliutions numbered 2, 3. and 17, were next

Ls in Group IL

1+t was found that although the reaoction was definitely

pogitive, it was nct sc merked after neutralisation of

the fluid.

of the reactiocn when the appropriate antiserum was

Having regard tc the Inorease in the intensity

applied tc an acid soluticn, further tegts were carried

cut tc determine m

¢r alkalinity on the precipitin reaction.

approximately/

ore definitely the effeot of acldity

Human bloocd
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apprcximately elght weeks old, whioh had been dried

upon filter paper was utilised for the next series of

experiments. The results ylelded were regarded as

‘being interesting, in that they differ w!th many

previcus opinions.

% drops cf anti-human serum, titre 1:20,000,

| were added to each of the three undernocted dilutions.

Group IL1I11.
gtrength of Dilution. Reaotion. Preoipitin
Reaoction.
additjon ot
2 1:1,000. + + +
% drops of
3 1:5,000. N___HSO . + + ¥
| 10 24 |

Humen blocd treated with 3 drops of anti-ox serum.

* gtrength of Dilution. Reaotion, PEZZiZiEi?

4 1:1¢,00C. Aoid by ++ +
gddition of
3 drops of

) 1:20,00C . AL H.80, . + + +
10 2 4

Group Ei. Human blocd treated with 3 drops of anti-

humen serum.

Preoipitin
gtrength of Dilution. Reaotion. e b ion.
1 1:100C. Alkaline by + +
addition of 3
2 1:1,00C. drops of -1% ++
annoniun
3 1:5,0¢C. hyérete . + 4+

Human blocd treated with 3 drops of anti-oX serum.

Precipitin
gtrength of Didution. Reaotion. Reaotion.
) . Alkaline by Clesr.
4 1:10,00C. addition of 3
dropsj of 1%
_ ammoni umn Clear.
5 1:20,000 . hydrate.




Groun:i. Humen blccd treated with 3 drops of anti-human
gerun.
gtrength of reaotion. Precipitin
Dilution. Reacticon.
1 1:1¢C . Neutral. +
2 1:1,0CC. " +
3 1:5,000. " +

Humen blood treated with 3 drops of anti-oxX serum.

gtrength of Preoipitin

Dilution. Resotion. Reaoction.
4 1:1¢,000 . Neutral. Clear.
5 1:9—0 ,OC‘O- " Cle&r-

0x blood, 7 weeks old, treated with 3 drops

of anti-ox serum, titre 1:20,000.

group VI.
SRR of | seuatson, | PEoCiID

1 1:10C. Neutral. +

2 1:1,00C. " +

3 1:5,00C. " +

4 1:10,000. " +

5 1:20,0C0. " +
Group iii. 0x blood, 7 weeks old, treated with 3

drops of enti-ox serum.




h .

trength o Reaction. e
Diluticen. Péggigigin
1 1:1c¢C. Acid by addition of + +

6 drops X H,og0,.
10 254Y4 g

2 1:1,co00. " Clear.
3 1:5,00C. N Clear.
4 1:10,00C. " Clesar.
5 1:20,000. " Clear.

:group VIIT. (¥ blced, 7 weeks old, treated with 3 drops

snti-ox serum.

gtrength cf Reaction. Precipitin
Diluticn. Reaotion.
1 1:10C. Made alkaline with Olear.
6 drops ammonium
hydrate .10
2 '1:1.000. N Clear.
3 1:5,0¢0. ! Clear.
4 1:10,0C0. " Clear.
5] 1:20,0CC. " Clear.

Obgervaetions. The tests in Greup IIL revealed the faot

“that an aold reaction intensified the precipivia reaotion,
when antiserum was added to & related biloccd. An
‘appreciable turbidity was produced in tubes 4 and 5

;when unrelated serum was added to their‘contents.

In Group IV the elkalinity of the dilutions
%decreased the intensity of the reaotions in tubes 1-3
“and & haze was nct prcduced in tubes 4 and H when an
Eunrelated gerum was added to théir aontents.

In Group i the positive reaocticn in tubes 1-3%

'wes well marked, but not so definite &s in tubes 1-3,

————na—

Group Iil.
E In/



In tubes 4-5 & turbidity was nct produced on
the addition of an unrelated serum. In this group the
reaoticn cf all sclutions was neutral.

In Group ii with neutrsel sclutions positive
reacticng were gilven with a related antiserum.

In Group iii when the sclutions were made
gtrongly acid, & pcegitive reacticon with a related anti-
serum was only given in tube 1.

Tn Group ﬁiii when the soluticens were made
strongly alkaline nc reaction was given on the addition
cf a related antiserun.

The anti-cx serum whioh was used in these
experiments was olear and wag tested in the following
manner to find out the part played by the acid or the
alkali and that played by the blcod serum in the altera-
tion of the precipitin reaction in thelr presence.

(1) Normal saline to which 1C drops of .1% H,80, and 10
drops of anti—-ox serum were added, remained
perfeotly olear.

'(2) Normel saline to whioch 1C¢ drops ¢f ammonium hydrate
and 1¢ drops of anti-oxX serum were added, remalned
perfectly clear.

;(3) Yeutral normal saline to which 10 drops of anti-ox
gerunm were added, reméiped perfeotly clear.

It would appear therefore that the alteration
in the hormal precipitin reaction is not produced by the
1aaid or the alkall in the abuve ccmbination, but by the
interaction of blcod serum with these in the fluid under
:test. A moderately acid reaction inoreases the turbidity
‘and i1t may simulate a pocsitive precipitin reaction when
blocd ig tested with an unrelated serum. when, however,
fhe reaction of the fluid under test 1s intensely acid,
ﬁhe precipitin reacticn does not ecour, even when anti-
gerum ig applied to & related bleood serumn. Avsljght but
aefjnjte alkalinity diminishes the extent of the reaotion.

e et a1t alkaline Teaotion prevents the Tormation of



contflicting results, it is necessary to ensure that the
solutidn under test is neutral, before applying the anti-
-serum. The reaotion of all dilutions was qsoeftained by
the writer before prooceding with any of the tests'
recorded in this ocontributicn.

The fcllowing tests were made to determine
whether aoids or &lkalis when added to dilutions of
blood serun will produce & positive precipitin reaction
on the additicn of unrelated antisera.

Humen blcocd abcut 8 weeks cld was used. Anti-
" humen and anti-pig sers were emplayed, of titre 1:2¢,000.
(Vide photograph No. 17).

1:100. 1:1,000. 1:10,0¢0.
P.P.T. P.P.T. P.P.m,
1. Yeutral. - 2 .|Neut - - 3% .{Neut - -
ral. ral.
4. | Acid. + + 5.lacid.{ + + [6.jacid.| + +
7. Alkaline. | - 8 .|Alka—| - 9.|A1ka- -
line. line.
‘1 10. | Neutral. 'S 1L {Acid .| + + 12. {Alka-} ++
i line.

The tubes in the rows marked A, B and C were
?treatéd with 2 drope of anti-pig serum, whereas the tubes
E1n the row merked D were treated with 2 drops of anti-
ihuman gerum. % o.c. of dilution was added to each tube.

2

iObservatjons. mhe acid reaction was effected by adding

‘% drops of f%-Hgso4, the alkaline reaction by adding 3

;drcps pf Té ammenium hydrate . Again it would appear that
;when an unre lated antiserum is added to a solution of

iblood serum whioh has & marked acid reaction, & turbidity
éis formed which olcsely simulates and is readily confused

|

%With a poslitive precipitin resoticn.

——_-XV[L ./



XVII.

THE EFFECTS C(F EXPOSING BLOCD STAINS TO DRY HEAT.

The following tests were made to ascertain the
effeot of dry heat upcn bloed stains, in relaticn to
obtaining & solution of blcod serum from them after such
gxposure . Ferrai48 has observed that nc.reaotjon can be
cbtained from blood that has been exposed tc & tempera-
ture of 1%30°C. for sn hour, 14¢YC. for 20 minutes, 150°C.
for ten minutes, or 1606C¢. for from five to ten minutes.
Biondi49 ocnfirms these findings. Mirtoso found that
bloods thet have been exposed to a temperature cf frcom
10090 . to 120°¢. are scluble ir normsl saline and that
the extract gives the resction, but that exposure ta
temperatures between 130°C. and 140%°c. 1f such has lasted
half an hour, greatly reduce thelr gsclubility, and 1f
the exposure has lasted an hour, prevent golubility &and
no reaotion can be obtained.

white aottcen oloth was used by the writer for
thege experiments. The age oT the gtains whi osh were
oompoéed of human blood was eight weeks. The size of
the stains exposed to heat was 14" square .

Greup A. Three blocd stained saumples of cloth were
exposed to dry heat of 100°C. in &n cven for a pericd
of an hour. Thereafter, pcrtions the size of & slxpenoe
were exoised and placed in tubes containing 6 ¢.c. of
normal saline. Althcugh steeping lasted for 24 hours,
it wag found that after steeping for 15 minutes, &
reddish brown scluticn wag cbtained, which vielded a
ogpious persistent foam on applying the foan test.

A seccnd series cf three samples as abave were
exposed to 1¢c®¢. for & pericd of 2 hours. Thereafter
thé extraots ylelded a positive foam test .

A third series of three samples as aboVe were

exposed to & temperature of 1¢0°9¢. for 3 hours. The

foam test was positive.

Dilutions/




Dilutions cf epproximately 1:10C of all
extracots fron the abeve stains were made, alsc caontrol
dilutions cf extraots from the same stains nct exposed
to heat. It was found that exposure to heat did not
delay the obtaining c¢f & solution of the blood serum
frcocm the steing, gscluticns from the heated stainsg being
- as readily obtained as thcese from the unheated staing.
Anti-human serum wasg applied to the tubes containing the
dilutions of blcod serum extracted from the heated and
unheated stains. All gave & pcesitive reaction for human
bleood within 2¢ minutes. It was obgerved that there was
no appreciable difference in the Intensity of the reac-
tion obtained with diluticng of the blood serum extraoted
from the stains that had been heated and those that had
nct been subjected tc¢ heat.

Cbgservations. A golution of blocd serum is easglly

obtained from & stain with normal saline, althcugh the
blood stain haes previocusly been exposed to & temperature
of 10¢°C. for from cne tc three hours.

Group B.  Humen blood stains on white ootten about 16

weeks were employed. Areas about 1" square were used.

: v megt . Preolpitin
memperature .| Diluticn. Moam Test oaotdon.
1| 1000-11G¢C. 1:10C. + 4+ + ) + +
_
) 24
2 | 10c°%-12¢%C. 1:100. | + + +)) hours + +
)
31 100°-13%0%C. 1:106. | + ++)§ steep + o+
) ing.
4' 1009-1409¢C. 1:10C. + + + 2 + +
)
51 100°-1509C . 1:100. | ++ + )l + +
)
6: 100°9-160°. 1:1C0. + 4+ ) + +
7




Temperature .| Dilution. | Foam Mest . Precipitin

Reaction.
71 100%-170%¢. 1:100 . + ) +
)
VAP
81 100°- 18¢°%.{ 1:10C. + ) After +
. % 20
9] 100°-~190°. 1:10C. + ) hours. +
\
[
)
101 100%-2¢0%. 1:10C. + ) +

11| 100°-210%%. 1:10C . - -

12| 10c%-220%c. 1:1¢C. - -

13| 1009-230°C. 1:1¢0. - -

(Videvphotograph No. 24 showing pogitive reactlons given
in stains numbered 6, 7, 8 -and 10.) .

The stains were placed in a test tube Intoc
which & thermometer was inserted. The tube was passed
downwards throueh the roof of the heat chamber. In this
manner the temperature of the oloth was taken aocourately,
ag the base of the thermometer &nd the stain were 1In the
same poéjtion in the heat ochamber. Tach stain was placed
in the oven when the temperature had reached 100°C. and

remained there until the temperature recorded on the right
of the first ocolumn of the table above was attained.

- Thereafter it was immediately removed, & portion the size

% of a sixpenoce exoised, & dilution of 1:10C made up and

, tegted with anti-human serum.

A pesitive reaction was obtained from a dilu-

; tion of & blood staln brought from & tenperature of 1009¢.

| up ta 2cc%. It lel be noted that & sclution from the

| gtaing yielded & positive foam test in all oases of
exposure up to 200°C., but that the obtaining of & sclu-

| t1on whioh gave & positive foam tegt after steeping for

i 24 hours was only possible in tests 1-6. In test 6 the

é foam Wwes nobt so ocpious &s in 1-5. 1In tests 7-10 &

%positive foam Hest was cnly obtained after steeping in

s

| saline/



saline for /2 hours. In tests 11-13,the foam test was
negative even after prolonged steeping. Thesge tests

shew that a sclution of the stain is more diffioult tc
cbtain,after the exposure c¢f the stainé to dry heat of
16¢¢C. up to 200¢Cc. After exXposure above thaet temperature,
& sclution of the serum of the blocd from the stain cennaot
be gbtained even after prolonged steeping, as shown by the
abgenoce of a positive reaotion to the foam test and
precipitin test.

Greup ¢. The effeots of exposure cf humen bleood stains

about 16 weeks cld on thick blue woollen material, to

‘dry heat.
Temper- Duraticn.; Foam Mest. D1 lu- Precipitin
ature. tion. Reaction.
1| 13¢9C. 15 mins. |+ + after 1:100. + +
steeping
72 hours.
2 1R”GCC . 15 mins. + after 1:100. + 4
gteeping -
72 haours.
3 | 180%. 15 mins. . 1:100. +
4 | 20¢°C. 2 mins. " 1:10C. +
o) 250 C. 5 mins. - after 1:1¢cC. -
long period
of stecep—-
ing. Speoi-
" men was
gocrohed.

211 the sclutions of the stains were slightly
%aoid in reaotion and before the human antiserum was added,
they were neutralised with weak ammcnium hydrate. All

- golutions were centrifuged.

‘cbgervations. The precipitin resotion oan be cbtained

%with blood serum extraocted from & stain whioch has been
vexposed to dry heat of 130°C. for 15 minutes, 150°C. for
f-1‘5 minutes, 1809¢. for 15 minutes, 200°¢. for 2 minutes.
j»It was Ffound that after exposure to a temperature of

é230°-for 5 minutes, the oloth was scorched. The extraot

%from/
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Trom this stain did nct yield a fcoam, and a positive
preeipitin reaoction was nct cbtained.
Group D. Porticns of navy blue serge clcth,on which
huwan blccd had been impcsed sixbteen weeks previously,
were treated as 1n the experiments in Group ¢C. It was
found that after exposure tc dry heat of 13¢°C. for 15
minutes, 1506C. for 15 minutes, 180¢9C¢. for 15 minutes
and 200°C. for 2 minutes, & solution was cbtained after
steeping the stains in saline for 72 hours, which yielded
& pcsitive fcam test and a positive precipitin reaction
for human blocd. Expcsure of stains to dry heat up to
15¢9C. did not cause difrioculiy in cbtaining & solution
of blood serum. Abcve thaet temperature, namely from 160°-
200° the stalns required longer steeping in saline to
effect a solution of blood serum. Above 200°C. &
solution ¢f blood serum was not obtalned.

It should be noted that in Group D. all

gsolutions were neutral in reaction.

In the foregoing tests 2 drops of anti-hunman
serum, titre 1:2C,CCC were used.
| Group E. Stains on white ectton about 24 hours old,
whioh were subjected tc the following temperatures of
dry heat for the following pericds, yielded the under-
noted results:-

The stains were steeped in normal saline for 5

hours, in order to obtain an extraot of bloed serum.

Memperature. | Duration. |Foam Test. Pg:zlzigi?
1 1300¢ . 13 hours. o+ ' +
2 1409¢. 12 hours. + 4;
3 150°¢C . 1 hour. + +
4 16@% . % hour. + +

(Vide photograph No. 23).
It should be notea that the writer did not

encounter diffiouity in extracting blood serum with saline

in/




62.

in these experiments, contrary to the experience ¢f
Futtellyy who frequently feund that bdlced dried cn filter
paper in hot countries weuld not pass into sclution with

saline after steeping 24 hours at 37%¢.

XVIIL.

‘THE EFFECTS OF STEEFPING REIATIVELY FRESH BLOCD
STAINS IN CCLD VIATER.

A.l. 8o far as the writer is aware, no systematio
investigations have previcusly been made on this
important medicc-legal question. For the experiments
human blcod stains 24 hourg old on white cotton were

used. Areas of stain 13" square were used.

ﬁ Appearance |Duration Preci -

éﬁgig?ngf of oloth of Fosn | Litin

in water after steeping Test.| peao-
) steeping. |in saline. £ion.

1 {15 minutes. Reddish + + + 4

brown.

2 | 3¢ minutes. N | ++ ++
% | 45 minutes. " ' + +
4 | 6¢ minutes. " + +

gteeped

5| 1% hours. " + -

in

6! 1% hours. " normel + - +

saline

7 2 hcurs. " + +

for

8 21 hours. " 24 + +

hours .

9 2% hours. " ' + +
10 3 hours. " + +/
11 4 hours. " + +
12 5 hours. " + ~+

(Vide photograph No. 21 which ghows results of tests 1,
%3, 6 and 11. Photograph taken 24 hours after reacticn
was cbtained).

mhe /




The stalns wesre steeped in 20 c.n.s of

. distilled water.

mwo drops cf anti-human serum, titre 1:20,000

were added to each dilution of blccd serum and in all a
% positive reaction wasg cbtained within 20 minutes. After
; the stains had been steeped in the water for from 15
i minutes to 1% hours, & ocoplous foam was ylelded in the

é saline extraoct:; whereas after steeping in water for from

| 14 to 3 hours & fairly ocopious foanm was produced in the

extracts. The extraots made from the stains whioh had

' steeped in water for from 4 to 5 hours yielded foam, but

‘not to suoh & marked extent as in the cther instances.

; The dilutions of blcod serum which had been extracted from

the stains after steeping in the water for from 15 minutes

' to 13 hours produced & more marked precipitin reaction

% than the ailutions of the extracts from the stains which

" had gsteeped for from 13 to 5 hours, although these reaoc-

tions were alsc definitely positive.

. A.2. Tests were next made with the variocus waters in

which the stains had been steeped. A1l the solutions were

' of & pale reddish brown colour, sugeesting the presence of

' blood. A portion of each of the twelve waters was tested

fcr the presence of albumen by the application of the heat

test, with positive result. The precipitin test was
aprlied tc a second portion of each steeping and & posi-
tive reaoction for human blcood was obtained in all.
Bebach's Test for the quantitative estimation of
albumen present in the steepings was made with the

following results:-

1. Trace of albumen, too small in amount to estimate in
the Esbach Tube.

2. and 3. (Gave sane result.

4. (Contained -25 gm. albumen per litre.

5 . " .45 "

10. " LI " A
i1, " 4" " v
12. " 5 " " " )

mThe amount of albumen inoreased proportionate-

ly with the duration of steeping. No. 11 is an exoeption

but this may have been due to the faot that there was &

gmaller/
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gmaller amount of albumen in the stain originally.

GbserVations. The effeot of steeping aloths stained with

- recent blecod in cold water for & period of five hours did

not prevent a positive precipitin reaction being obtained.
Furthermore, although sufficient blcod serum wasg left in

the stains after steeping to obtain & positive reaoction,

‘an appreciable amount cf blocd serum was brought inte

solution with the weter in whioh the staing were steeped,
progfessively inoreasing in amocunt &fter steeping for

from 13 hours up to 5 hours. Shaking or applying the

: foam test to the steepings themselves produced a oapious
- lagsting foeam 1in all.

. B.l. REffects c¢f steeping cld blood staing in oold water.

The stains measuring 13" square were eight or nine weeks

" 0ld, and were steeped in 1% oz. of distilled water.

- White octten was the material used.

Duration of | Appearance
Steeping. of Stains (Colour of | Foam Preoipi-
after gclution. | Test. | tin Re-
agteeping. action.
1 b minutes. Brownish [Very pale |+ + + +
red. yvellow.,
2 ]5( 1" " " + + + ‘.
3 4_5 ”" (1] ”" + + + +
[}
4 5( 0 " 1t + + + &+
5 | 1% hours. " " + + + +
6 |1% " " " + + + +
712 " " " £+ +ox
8 | 2% " " " + + + -+
9 |28 - ' ! . +
o 3 " ) * +
1) 4 " " " + +
2|5 " " * *
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mhe caplllary tube method Por the application

cf the test was used iIn this experiment.

- B.2. Tests upon the steepings.

Period of |Colour of Heat Test | pgap |Preoipi-
Steeping. |Steepings. for Test. |tin Re-
Albunen. aotion,
1 15 minutes. Pr&otjoélly + + +
cclourless.
2 ¢ v " - N ¢
kN " + + +
4 bo v 8l. yellow + + | o+ + +
: aolour.
5 | 1+ hours. " + + - + + +
6114 " -+ + + o+ + +
712 " " t + + - ot
8 |2 " " + + 4 + + + +
9128 " " ++ ¢ +++ | +++
1613 " " +++ ++ + | +++
11 |4 v " +++ +++ | +++
12 15 " " T N R o

A positive precipitin reacticon was given In
all within 2¢C minutes. Capillary tube method was used.

mhe results of these experiments may be
summarised as follows:-

Blocd stains 24 hours cld and those of 8 or 9
weeks, when steeped 1In 6c 1ld weter up t; 5 hours retain
guffioient blood serum to produce & positive precipitin
action. The clder stains apparently retained more serum
than the fresher ones, presumably due to the greater
fixﬁticn of the serum as the result of age. The extent
of this fixation, although suffiolient to retaln serum
in the stain after steeping up to 5 hours occuld be over-

come/
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- oome when the stain sc exposed was treated with saline
for 24 hours, sc that a pcsitive precipitin reaction was

- cbtained with the extract of blcod serum. The extent of

- thisg fixation is mcre fully investigated in later

| experiments, when the stains were subjeoted tc the action

i of warm and boilling water.

S

XIX.

EXPERIMENTS TC CBSERVE THE ZFFECTS (F SUBJECTING

RELATIVELY FRESH BLGOD STAINS TO WATER AT Ra®n.
IN RELATION TO THE PRECIPITIN TEST.

' £.1. Blocd stains which were 24 heurs old on white

octton were used.

Pertod of | poan mast. |ofeos solu-| LreciRt]
Steeping. ) tioh with aotiaon.
saline.
1 | 15 minutes. + + 1 haeur. + +
2 |3 : e " 1o+
3145 " +o* ) *
4 |60 " + " *
5 | 1% hours. + ! +
6 15 + " +
712 * ) *
8| 2% " + i ¥
9| 2% + ) *
0|3 * ) !
1|4 v + ) *
12 5) " =+ " +

The stains were steeped in 20 o.c.s of water,
%ccntained in glass beakers. These were placed in a water

Ebath, the temperature of which was Kept at 50%¢.

c.2./ '
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;2. Tests made with the waters in which the stains had

|

been steeped.

Period of . Heﬁt Teat | Preoipi-

steeptng. | TR,
1 | 15 minutes. + + +
2 |30 " + + ¥
3 145 " + + +
4 |60 " + + .
5 13 hours. + + + +
6 i " + + + -
7 2 " -+ + + .+
8 2z + + + + + o+
9 23 " T+ o+ + 4+ - *
10  3 " + + + + + + o+
11 4 " + + + + + + +
12 5 " + + + + t T

Before applying the precipitin test, 511'£ﬁ§m%_\
steepings were filtered, to olear the sclutions of a
small amount of debris, and on account of a slight mould
whioh had formed on their surfaces, as these sclutions
had been kept in the laboratory for six days.

Cbgervations. Steeping in water at a temperature of

50CC. extracted some of the bloed serum from the stains,
but less thar when steeped in occld water for the same
period, possibly on account cf the heat £1xing scme of
the albumen in the stains but nct tc such an extent as

to prevent & solution of it being extraoted readily by

galine from the stains 80C treated.

| D.1. Purther tests tc asoertain the effeot of steeping

¢ 1ld/
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old blood stains in water meintained at a temperature of
‘ 50°C.Vfor varying periocds. The stains used were about
10 weeks old. They were cn white ocotton. 2¢ c.c. of

water was used.

Appearance Preoipi -
Duration of stain Colour |Foam |tin Re-
of steep- after of Test. lacticn.
ing. steeping. sclution.
1 15 minutes. Brown. Pale + + - + +
vellow.
2 B " " " +4+ + 1 ++
3 4-5 " ” S't.r&W + + + +
vel low.
4 6(’ " " " + + + +
5 | 1 hours. " " + + + +
i 6113 v " " + + + +
1 7 2 " " " - 4+ +*
1 8l2z - " " + 4 +
1 9)2 " Almoust +4+ 1 4
; colour-
: less.
: 10 3 " L 1" + +
11| 4 " " " + +
121 5 " " " + +

The tests in this experiment were made in
%oapjllary tubes. " Positive reaotions in all were given
%with!n 20 minutes.
D.2. The application of the precipitin test to the

steepings in experiment D.1.
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Goziet.gr | Foom mest. | Hewt test fox |Proctpion
1{ 15 minute;. . | . +
21 30 " + o+ s
3] 45 " + _ ' * ¥
4 6C " + + +
5! 1% hours. + + .
6 15 " + + -
71 2 " + + s +
8l 2% " + o+ . +
9| 2% b - +
1C 3 » + + + +
11 4 " + o+ + +
12 5 . + -

The preeipitin test was applied ta a partion
of emoch steeping by the capillary tube method and &
positive reaction was cbtained in all within 2C minutes.

Observations. The preciplitin reaoction was ocbtained with

extracts from blood stains sixteen weeks cld, that had

: béen gteeped in water at a temperature of 50°¢. for from
15 minutes tc b heurs, there being gufTioient blcod serum
left in the stains in a state which will permit of 1t

i being breught intc sclution by normal saline, after such
exposure. The steepings in whioh the stains had scaked

é for from 15 minutes to 5 hours all gave a positive foam

. test and & positive precipitin reaction, an appreciable

. amount of albumen derived from the serum being in

salution, especially after gteeping for 3, 4, and 5

: hours .

It/
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It must be remembered that in all these
experiments, the stains used were produced by saturating

' the oloth with blood.

—

X .

EXPERIMENTS WITH CLD BLOCD STAINS WHICH WERE
SUBJECTED TQ BCILING.

éI- Human blcocd stains were impocsed on white ocotton cloth.
T

he blood was about 12 weeks ¢ld. Areas 2" square were
used. The staing were placed in 2¢C¢ o6.0. distilled water,

after it had attalned beiling peint.

Duration cf|Appearsnce | Cclour of | Poam | Preocipi-
Boiling. | of Stain. |Solution. | Test. 2:21§§?
1|5 minutes. |Red brown. | Yellow. + + +
2] 1¢ " Light Straw. ¥} o+ +
brown.
311, " " " + + +
4lge v " " + + +
512 " " " + + +
61 30 " " " -+ +
713 " Very light " + +
brown.
gl4c " " " + +
9145 " " " * +
10 | hO " " " + +
11] 55 " " - +
12) 6¢ " " X + +

W

After steeping in saline for 24 hours, a o.c.

ne
of extract of each stain was placed In Dgyers tubesgs and 2
drops of anti-human serum were added tc eaoch.

Observeticng. It would appear that whatever effeot

beiling/
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bciling hes upon the stalns, sufficient blood serum in
& conditicn whfch will permit of extraction with normal
galine is left In the stains after boiling for from §
- minutes tc 1 hour to give & positive pfeoipjtin reaction.
L£.2. The test was applied tc porticns of each of the
bcilings and & positive reaoction cbtained within 20
minutes. It should be ncted that scme of these

? solutions exhibited & haze. Thaose that exhibited a

? haze were those in which the boiling had been maintaﬁned
for some oongiderable time. To determine the extent of
- the preoipitin reaction, contrels of the solutions

| without the addition of antiserun were contrasted with

" the tubes tc whioch entiserum had been added in order

i to asoertelin whether an appreciable increase in the

i turbidity had ccourred, beficre regarding the reaotion

- pesitive. gince this haze was regarded as being due to
~ albumen, praduced by the heat cf bolling, 1t was not

thought expedient tc filter or centrifugalise the

: tubes.

Z B. & sduare of filter paper measuring 2" saturated
f.with human blecd dried thereon for 14 weeks cld was

| bolled for % hour in 20¢ o.o. of distilled water, the
stain being put in when the water had reached bailing
point. An extract of the stain with saline gave a
positive precipitin reaoticn within 20 minutes.

. 0. TFurther experiments to determine whether after
' boiling & stain, a pesitive preoipitin reactien may be

cbtained.

A stain composed of human.blood, 14 weeks cld
the size ¢f twe thirds of & siXpence was boiled 1in
digti1lled water for % hour. On removal from the water
it was placed 1n & test tube and 4 c.o. of normal saline
j were added. ATter 24 hours’steeping & slight foam was
; given on the appliocaticn of the foam test. 3 o.c. of
Z the extraot was transferred to & Durham tube and
% treated with anti-humen serum. A pesitive reacticn
% was obtained within 20 minutes.

(Vide/



(Vide photograph No. 18).
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A seocnd experiment similar to the former one

wasg made, the stain being beiled for one hour. A

pegitive reaction was obtained from the extract within

26 nminutes.

(Vide phctograph No. 19).

D. Tests with blecd stains twelve weeks old which had

been expesed to the periocds orf belling indjocated belaow,

and whioh after boiling had been kept ten weeks. Tach

stain was steeped for 48 heurs, although 11 many ocases

& foam was produced on shaking after treatment with

saline, lasting half an hour.

puration of Boiling. gg%gmgf Eﬂ:gzgw ‘gzaoér;;g;n

1 5 minutes . Yellaw. + + +

2 10 " Straw. + + +

31 15 " " + + +

4 20 " " “+ + +

51 25 " " + + +

6| 30 " ! + +

71 3% " " + +

8| 4c " " + +

91 45 " " + +

10} HBO " " + +

114§ 55 " " + +

12 60 " " + +
The oclour cof the stains was faded brown, but
after conbtact with the saline solution for ten minutes,

they assumed & reddish colour, olosely resembling that

"of fresh blood.

cloth.

¢

2.

A1l the stains were on white ocatton
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. Experiments ccnducted to asocertain whether beiling
blood stains 24 hours c¢ld affeocts the application of
the precipitin reaction. The stalns used were of human
blcod whioh had been impased on white cotton, twenty
four hours previcusly. Porticns 1" sguare were put
inte water after it had attalned boiling veint. The

anount of water used in each case was 20C c.c.

Duraticn! Appearanoe Colour of ream freclipi-

of Boil-{ of gtain. Lin Re-
ing. Solution. Test. L otion.

4 b mins.} V. Pale Colourless. - -
Brcwn.

6 -30 ] 1 " - -

1455 " " - -

12} 66 " " - -

mhe boilings were filtered after having steod
for four days. The scluticns were olear, and all gave
positive reactions to human blecd on the applicaticn of
the preoipitin test. (Vide photograph No. 22 showing
the peesitive reactions obtained in the boilings of the

stains numbered 6, 9 and 12).

Conelugions./
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genclusgligns. The effeot of steeping stains in ccld
water appesrs to be that & greater amount of the_blaod
serum cn whioh the precipitin test depends is taken
jntc_solutjon by the water, than when heat is applied
ih the form of warnm watér at & temperature of HC9C. or
in the ocase of bolling water, the amount of bloocd
serum cr albumen bPresent being considerable in the

ocase of cold water steepings. The treatment of stains
whether fresh or old, by water at a temperature of 50°C.
for from 1H minutes tc H hours, did not interfere with
cbtaining a pesitive preeipitin reaotion, although less
blcod serum wasg retained in the FTormer stains than in
the latter. The heat apparently did not fix the blood
gerum to such an extent as to prevent 1ts solution
after prolonged steeping with saline, but 1t was
guffieiently fixed t¢ prevent the water in whioh the
stain was steeped from extracting 1t all.

In the ocase cf fresh stains, boiling quiokly
extraots the blcod serum whioh has not yet become fixed
in the stain. This extraotion Is so complete that
neither & foam test nor & pesitive precipitin reaction
was 'given on making a solution from the stain. In the
case of o0ld stains sc treated, the albumen 1s probably
more Fixed in the stain and the prcoess of beiling does
not extraot 1t tc such an extent, permitting it tc ocome
into selution with normal saline after prclonged
steeping.

mhig result is of impcrtance In the applioca-
ticn of the precipitin test ih medicc—-legal practice,
and so far as the writer is aware, It has not been
commented upon in previcus ocomnuni cations.

Further tests were mede with blcod stains 24
hours old. The stains were imposed upon washed white
1inen oloth, &g the previous experiments had been made
ugsing fresh blccd jmpesed upon new olgth cbtainesd
direct from the faoﬂory. T+ was thought expedient to

wash the cloth prior to having the blood stains impased

upaon/
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upcn 1t , before oarrying cut the follocwing tests, in
crder to eliminate the passibility of the dressing of
‘the oloth exerting any effeot upcn the blood serum.

Bach stain measured 13" square and waé beiled in 2¢¢ o.o.
"ofidjstilled water, for respeotively 15 minutes, 30
minutes end OC minutes. Thereafter they were steeped

in 1¢ e.oc. of normal saline sc¢ that a sclution of blood

gerum might be effected.

Duration of Bolling. Preaipitin Reaction.
1 15 minutes. Almost imperoceptible
haze after twenty
minutes.
2 A0 " "
3 60 " "

The hazeg referred tq were sc Indefinite that
the writer would not have recorded them as positive

reacticns in a medico-legal oase.

EXPERIMENTS WITH BLOCD STAINS WHICH HAVE BEEN
BCILED WITH SCGAP.

| él' The stains were about 14 weeks c¢ld, were ocomposed
og'human blcod, and were upon white cctton material.

% Each gtain was placed in 10C a.c. of distilled water to
% which 5 grains of castile scap powder had been added.
é The stains were placed in the water arter it had

i attained boiling peint. gtains measuring 1" square

. were used.



76.

Duration | APPearance of | Appearance [Preoipi-
of Boiling. Stain after of Solution tin Re-
Boiling. of 3tain. @otion.
1} h minutes.{Very faint brown. ?
24 1¢ " " 2
I v
3 15 " " Toam test ?
oquld nat
4 20 " Almost Stainless. 2
be applied
Bl 25 " sl. V. Ft. stain. on ao0- ?
ccunt of
6 30 " " ?
the pre-
7l 35 " " sence of ?
saap. All
8] 40 " " ?
golutions
P9 45 " V. It . Brown showed & ?
-3 stain at edges
: only. distinot
haze.
1C 50 1" " ?
11] 55 " One small Ft. ?

Brown staln at
edge only.

12} 6¢ " Very small brown
gtain In centre.

mhe ocapillary tube method was used in Carry-

ing cut the test, as the extracts exhibited an
appreciable haze due ta thelpresenoe of scap in the
gtains. (n aococcunt of the Vvery narrow lumen of the
oapillary tube, the fluid when added showed anly a very
trifling haze. After the antiserum had been added and
an interval of 2¢ minutes had elapsed, the result in
each tube was noted and ccompared with a tube containing
a golution of the stain under examinuwtion without the
addition c¢f the antiserum. In all oases & Very deoided

| turbidity was shown and was Very much greater than in

" the untreated tubes. This may have been due elther ta

; a pasitive preocipitin reaotion given by the bleod serum

% lef'b/
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left in‘the stain after beiling, or to the interaction
between the antiserum and the soap present. In aerder to
deternine whether such an interaction takes place, a scap
solutjbn congisgting ¢f 2 grs. of scap powder boiled in

200 6.c. of distilled water wag made, and to ‘5 c.0. 2

'drcps ¢f anti-human serum were added, the result being

~aontragted with a similar untreated scoclution cof scabd.

It was found that in the first tube the haze was convert-
ed intc a turbidity claosely resembling & poesitive
precipitin reaotion. After 24 hours & slight sediment
was seen 1ying at the fooct of the tubes. The use of

caplllary tubes would appear to be the mast suitable

" methcd tco adopt when the fluids under test exhibit &

haze whioh oannct suitably be remcved ar when it is
inexpedient tc remove it Tor the reason already
mentiocned.

After 24 hgurs &ll the tubes treated with anti-
gerum showed & definite floeoculent depcsit, whereas 1t
wag abgent in all the tubes ocontaining the sclution
without the addition of antiserum.

EI' mThe gteepings were next examined. All were very
ozéudy and contained curdled scap. Centrifugalising
thege wag found to be useless as was filtration by
ordinary ©ilter paper. Shaking with methylated ether
was valueless. Rfforts were made to precipitate the
goap with saline. The steepings were In each case
diluted to¢ twioce their criginal bulk with saline and
left for 24 hours. The saline caused the socap ta form
intc & shreddy ourd and thereafter by means of filtra-
tion with ordinary filter paper the scluticns were
examined and found tc be in the fullowing oconditions: -
1. Not rendered suffiociently clear for the applicatian
of the preoipitin test.

do .

do.
Very faint haze.
. do.
. do.

UK RS ) BERE - N V]
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7. Very faint haze.
8. "7, do.

9. Nct aveilable.
1¢. Very faint haze .
11. do.
12. da .

Poertiaons of 4-8 and 10—12 were tfansferred to
capillary tubes, antiserum was added and the tﬁrbidjty
prcduced was ocontrasted with the fluid in the tubes
cantaining gﬂhilar untreated sclutions. The results
were such that althcugh & definite haze ¢r turbidity was
produced, having regard tc the presence of scap, a
positive opinicn could not bhe expressed by the writer.

Ag the result of these experiments it was
found that when dealing with stains that have been
subjected tc & strong scap solution, great diffioulty is
enococuntered in applying the test and in interpreting
acourately the results cobtained, on acogunt of the hazes
in the sclution due to the difficulty in obtaining
complete precipitation of the scap. IT all the scap be
removed, there is a very real danger of removing a large
amount of the blcod serum from the stain which may be in
the solution.

Ap. Bxperiments ta note the effeots of beiling blced™
sgéined white cctton cleth with 2 grs. castile soav
powder. Porticns of stained olceth measuring 1 sq. inch
. were uged. Bach stain was boiled in 20C o.c. d!stiiled
water. The age of the blcod stains was 24 hours. All
gtains were put in the water after boiling point was

reached.
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Duration of Appearano;:gépearan?e Precipi-

e, | OF Stan [Prpetion | vin e
1 5 minutes. Braown. V. 't. haze. ?
2 | 1" " " >
3 15 " " " ?
4 2¢ " " " ?
5 25 " " ' ?
6 | %0 " " " ?
7 |3 " " " ?
g8 | 40 - " " :
9 | 45 " " ?
10 50 " " " ?
11 | 55 " " ?
12 o " ! " 2

111 these experiments similar results were
obtained cn the addition of anti-human serum, namely an
inarease in the existing haze. In view of the fact that
& pasitive precipitin reaction was not obtained in
axtracts from similar stains bciled withcut scap, 1t was
thought that the increase in the haze c¢n the addition of
antiserum was due entirely tc the Interaotion between

~ the soap and the antiserum, rather than the presence of
blocd serum. In the instance of the older stains, since
& positive reaction was cbtained from the extracts made

-~ Pron them after beiling, it was thought that the extent
of the haze prcduced by the blcod serum, when the

: related antiserum was added to the soapy extraots, was

. masked by the haze produced by the interaction of the

 goap and antiserum.

i Bs. Experiments/




‘EQ« Experiments ocnducted with the steepings in experiment

8¢ .

| A2
In this case there being only twoe fifths of the amount cof the
goap used in eXperimeﬁt Aq the sclutions were olearer
although after treatment with galine as in experiment BI
practically allyshcwed a Taint naze. On'the addition
of 2 drops of anti-human serum, 511 when contrasted with
ocontrols of the respective steepings, were fcund to have
ytelded a turbidity within 20 minutes. (Vfde phetograph
No. 2¢). The photograph referred to shows the reactiaon
in the steepings of stains Nes. 8, 1¢, 11 and 12.

Taken 24 hours after the reaoction.

Observaticns. Having regard to the faots that the

scluticns tested were hazy criginally, and that antiseruy
when added tc a scap sclution, definitely inoreases the
haze withcut the presence of blcod serum, these
experiments indicate that the presence cf scap wceuld
rather ocontraindicate the use of the precipitin test or
1f 1t is used, that the results obtained ghould permit
of great latitude in their interpretation.

Uhlenhu’c.h61 fcund that wash water contalning
soap gave positive reaoctions with anti-human serum when
it contained human blcod. Graham—Smjthgz, however, 41d
not confirm this finding. gc¢ far as thé writer is aware

no systematioc research cn these lines has been previousl)

conducted.

EXPERIVENTS WITH BLG(D STAINS (N VARIOUS WOCDS IN
RELATION TQ THy PRECIPITIN TEST.

The cbjects fcr investigating blgoed stains
imposged upcn wood, were tc test the part played by the
acids derived from certaln woods, to agscertain whether
the blood stains occuld be readily disgolved from the
wood on whioh they were impesed, and finally to ngte
whether the proocess adopted in the preparation of the
weed, from the orude state to the finished polished

state, might have an adverse effeot upon the precipitin

test.

The/
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The writer was able tc cbtain the fcllowing
- gsamples ¢f wocd for experimént:—
1. Ccak.
2, Ash.
3. Beeoh.

Biroh.

2

'3

4

h. Maple.
6. Mshegany.

7. Pine.

8 Teak.

9; Wea lnut .

gamples ¢f each of the weods, in the crude

state, the part stained prcoess, and the finished or

3polished gtate were used, numbering in all twenty seven
%ﬁpeoimens.
| It was realised that these did net completely

" represent &ll wocds, but 1t was thought that tegsts with
EEth‘!s-oollectjon should provide sufiaient data on the
ipoints desired fcr practical everyday purpcses. Fresh
Ehuman blccd was applied to the surface of the twenty seven
- samples &nd this was allowed to dry for seventy twae hours,
éso that the blocd might have time to scak into the wood.

| Blcod—-stained shavings frcem eaoch of the twenty
jseven samples were taken. Nc special sclvent was usged,
Enorm&] saline being employed. A sclution o¢f bleaod serum
zwas readily obtained in a Tew hours, althcugh all were
éallowed to steep for & pericd of twenty four hours, sc
“that any chemlcal agent in the wood might alsc be fully
brought intc sclution. All sclutions were oentrifuged
fafter the shavings had been separated. The strength of
%dilution was approximately 1:1C¢C. Half & cubio centimeter
éef each prepared soluticn was transferred to a separate
;Dr§er tube, sc that the preocipitin test might be applied
zand the results photographed. As will be seen from the

}table appended below, the cnly solutions which were found

itc be acid in reacticocn were:-
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(1) cak, in its. orude and finisghed states, but not in
; its part stained ocnditicn.
%(2) Ash in its part finished oondition.
- (3) walnut in each of its three stages, orude, part
| finished, and finished.

™WG drobs ¢t antj—huﬁan gerum were added to
% each tube, after the ocontents had been neutralised
| when neocessary with a 1¢% ammonium hydrate sclution.

All the reaoctions were positive after ten

minutes.

(Table overleaf) .

LBt e 0 oy e
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_ Further tests were oarr;ed out tc note the part
played, if any, by the aocid upon the intensity of the
: precipitin reaction., The intensity of the reaotion given
% above with the criginally aoid sclutions which had been
; neutralised, was ocntrasted with the reaoticn cbtained
| when in their criginal acid state. It was Tound that
- when the tests were carried out without neutralissastion,
more definite turbidities were given, mcre especially in
. the oase of Cak 1 &nd 3.
é Resultg. The writer agrees generally with Biondi53 who
found that rough, pelished, cr varnished wgods had no
effeot on the blced stains that had been depcsitzd on
. them. He, however, noted that when an acid reaction is
é not neutraliged befcre the test is performed, & greater
% turbidity is produced. He advises that befcore the test
18 carried out the extracts should be in a neutral state.
The writer's experiments were ocnducted with & visw ta
% re-investigating fully this field of work, on account of
E the frequenoy with whioch blced stains upon wood are
; encountered medico-legally, and having regard to the
_ lack of uniformity In the opinions expressed by previcus
E writers touching the part played by an acid reacticn in

. the applioation of the preocipitin test.

=
XRIIT.

EXPERIMENTS WITH BLOCD STAINED VARIOQUS LEATHERS
IN THE DIFFERENT STAGRS OF THEIR MANUFACTURE IN

RELATIQON TO THE PRECIPITIN TEST .

In order to determine the effect, if any, of
leather upon the precipitin test, exXperiments were
; conduadted uging samples of leather in its various stages
of manufacture. The various states of leather used were:-

A. Vegetable Tanned Leather.

| Group 1. Leather after i1t has been tanned.
(&) mammed hide - belly.
(b) manned Kip.

oL



;
1
i
i

Group 2.

(a)
Group ZT
(&)

85.

Lesther aftgr tenning, but after being split
for.use in the uppers of boots.

¥ip after splitting.

Flesh gide of split.

. Groups 2 and 3 are equal to Group 1.

Group 4.
(a)
Group 5.
(a)
(o)
(o)
(a)
(e)

(£)
(&)
(h)
(1)
(3)
(k)

gtage (1).

Leather after dyelng.

Kip grain dyed.

7inished black and brown leathers.
Lining kKip side.

Coloured hide belly (chocolate colour).
Coloured hide belly (brewn ocolour).
Willow kip side (chccolate colour).
Wwillew kip side (finished) rich chocolate
ccleour.

Bex kip (finished) blaok.

Coloured hide belly (brown};

Hide belly - grain dyed (light yellcw).
Hide belly after splitting (putty oclour).
Hide shoulder (ochceclate oglour).

Golden brown — kip side (marled brown).

B. Chrome Tanred ILeather.

Leather after tanning.

gtage (2).

Leéther after dyeing.

stage (3) .

Pinished medium leather.

(1)
(2)
(3)
(4)
(%)

c.
Patent ocalt leather.
Patent enamel oalf.
Box oalf.
Glace kigd.
willcw oalf.

gtains cf human blocd were imposed upon all

these samples of leather. The undernoted resulta were

cbtained, with blocd stains 24 hours old, when anti-

human/
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The dilutions used were estimated

Vegetable manned Lieather.

A.

human serum was used.
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Stage 2.

gtage 3.

(2)

(3)

(4)

B. Chrome Tanned

(1)

(%)

Leather.
. Aftar
_ Area off Reao- | Reao— [Colour insut- Preoi=
Natu:; ot Leather! tion tion of ralisa-jpitin
Leather.| yged. | with |with b&olu- [tion Re&o-
"jLitous 4 Indi- kion. jand tion.
cator. filtra- )
tion.
After surfaoce| PFaint- | Faint-{fellow (Clear. | Dis-
tanning: shaving| 1y acid. 1v Pplear. tinct
pale aaid. haze.
blue.
ATter v Neut Neut. Clear IClear. |V. L.
dyeing: 11ght haze.
m. brown. brown.
inished " sl. gl. . [Clear. (V. Fb.
medium acld. acid. fellow haze.
leather: clear.
dark
brown.
c
After
Nature of Area of] Reac-] Reao—| Coloun neut - Preeci -
Lieather. Leather| tion tion of ralisa- pitin
used. with with solu- £4on Re&c -
Litmus|. Indi+ tiond gna tion.
ocator filtra-
ticn.
Patent pxaised} Neut. Neut.l Clear.) Clear. Dis-
cclt tinot
(glace) haze .
Patent gurface " " " " 't .
enamel shaving haze.
calf.
BOX O&lf . " 1" " " " Ft .
haze.
Glace kid]l RExcised]. " " " * Dis-
tinct
haze .
Wil low surfaoe " " " "’ sl.
oalf shavin haze.
brown .

The soluticns whioh gave an acid reaoctiaon were

Taoch/

ineutraljsed with & weak solution of smmonium hydrate.




9C .

anh pertion of }eather was steeped in normal
gsaline fcr three hours. Thé regult of the precipitin
reaction wag recocrded after twenty minutes.

The result obtained 1n A. Group 1. (a) was
rathef-uhique. Almost as soon as the anti-human serum
wés added to thevdilutjcn, a dense ccagulum appeared at
the basé'of the tube.  about five to eight minuteé
thereafter & turbidity appeared in the middle third of
the ocolumn of Fluid, its appearance being suggestive of
& positive precipitin reaocticn. The coagulum was
regarded ag being due to the presence of a large amount
of tennin in the leather. The absence cf &a pdsjt1Ve
reaction ocannot be acoccunted for in Groups 3 a&nd 4. It
appears, therefore, that with these three exceptions
the precipitin reactions cbtalned were normal 1n
charaocter, and that the leathers used dld not interfere
with the test. A large amcunt of tannin is of oourse
1ikely to give rise to error in the interpretation of
results, as 1t undcubtedly gives rise to oleuding, and
care must be exerolsed and circumstances considered
carefully, before an examiner should express & pagsitive
opinion regarding the source cf the blccd in & stain
upen leather, as the result of the application of the
precipitin test. Biondigz Tound that plain or coloured
leather had nc effect upon the blccd stains deposited on
them.

Grahan-Smith and Sangerg, repcrt that tannin
produces a marked clouding even in dilutions of 1:1,000
and thus interferes with the test. They oongider that
when large gquantities of tannin are present the applioca-
ticn of thé precipitin test is rendered imposseible,
because of the clouding produced by the presence of
tannin, masking the true reaoction. mhe writer believes
this 1is the first time that suoh extensive experiments
have been made upon leathers in their variocus stages of

manufacture.

SUMMARY/
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. SUMMARY CF- OBSERVATICNS AND CONCLUSIONS.

As the result of applying the precipitin test
on approximately a thousand dooasicns, &bout seven
hundred tests of which have been desoribed in this
contribution, the following'cpinions have been arrived
at.

The investiegaticns made, have oonfirmed the
work of previous investigators regarding the specificity
of the precipitin test from the medioc-legal aspect.

The only antiserum used whi ch yielded conflicting results
was that of the herse .

mhe test is an extremely delicate one having
yielded positive results for human blcod when a dilution
of 1:2¢,000 of & thirty secondth of & drop was used. The
test may be used when only & very sma 1l amount of blood
gerum 1s available, provided that guitable technique is
employed.

It mey seafely be applied when & stain is
compceed of a mixture of different blocds, each bloocd
in the mixture respconding to its related antiserum. A
legs definite reaocticn, however, is obtained when an
antigserum related tc one of the bleods in the mixture

‘13 added, than when & related antiserum 1s added to &
dilution of a single blcod.

For medicc-legal purpcses 1t Is the most
delioate and reliable test for proving the origin of
blocd serum present in & stain, but fault less technique
and ocnsiderable experience are egsentiala in carrying
cut the test, and in interpreting.the results yielded.

The precipitin reaction may be bbtained with
blocd serum which has been dried for many years.

The foam test is only of value In estimating
the 1likely strength of a dilution In & very apprcximate
manner, the colour test being valueless in this respeoct.

mhe use of cover glass oT mi oroscope slide
troughs is of service in performing the test when only
& small amount of the fluid is available. '

capi llary/



Ca@illary tubes may be usefully employed In
cases where & very slight haze is present in the sclution
under test whioh cannot suitably be removed, or when it
. ig Inexpedient ﬁo dé 80, cn account of remqﬁjng &lgo the
blood serum present, &as the lumen of the tube 18 so
narrow that praoﬁically ne h&ze is noticeable. In this
way the results of & positive reaction are not appre-
oiably vitiated. It 1s, however, wise to employ a
control of fluid similar to the one under test but
~ without the addition of antiserum, before determining
" the results cf the test.

The uge of an cpalescent antiserum 1s & danger,
_ on aococount of its simulating & positive reacticn. guch

- serum will produce & turbidity in all soluticns of blood
- serum to which 1t 1s added.

The behaviour of anti-horse serum was extra-
crdinary and yielded conflicting results. {(hen added to
human blocd neutral in reaction, the precipitin test was

negative. When applied t¢ human blocd, neutral in
reaction, which had been expaesed to dry heat of 100°C.

" for cne hour, & neeative result was cbtained. When

" applied tc human blood which was acid in reaction a

. positive reaction was given. Pogitive reactions were

" obtalned when pig, ox, and sheep bloods were treated with

: anti-horse serum, although the reaction of the blccds was
neutral. When the above experiments were repeated using

. pig antiserum, a positive reaction was only produced 1n

. the oase of pig bleood. The writer oannot explain thesge
}results, as the serum used was in exoellent ocondition and
%the technique was careful and thorough.

An sold reacticn increases the intensity of the
1precipitjn test, and simulates & positive reaction when
antiserum !s applied tc an unrelated dlood. When the
ésolutjon of the stain is strongly aoid, & positive
irea.ction with ox blood &nd ant?!—-ox serum was given only
%with & diluticn of 1:100. A very strongly aocid reaction
;appears to destroy the test, In dilutions above 1:10¢.

| Alkalinity/




é test and when the reacticn 1g strongly alkaline, the

? reaction 1s destroyéd. A neutral reaction therefore is

- essential before applying the test, if reliable and

E gatiafactory results are tc be cbtajned. It would appear

that the interference with the test, by aoids and alkalis

§ leathers, on soccount of the arid reaction which may be

Alkalinity deoreases the Intensity of the preoipitin

i ig due to their aoction upon the blood serum in the solu-

' ti1on and not upcn the antiserum applied.

mxtraots of blocd stains from woods and %

. pregent, should always be neutralised before applying the

antiserun.
There 1g a danger of enocuntering a simulated

positive reaction in blood stains extraocted from leather,

éon acocunt of the presence of a large amcunt of tannin

“which will procduce a oloud with any antiserum. Care and

§ ccngideraticon are essentials before an exXxaminer expresses

zan opinion as tc the source of blood stains found upén

éleather. if an appreciable amcunt of tannin is present

éin the sclution of blood serum obtained from the stain.

Blooud stains exposed to dry heat of 1009C. for
one, two, or three hours, yield a solution of blcood serum
with normal saline and the precipitin test is not
interfered with. #‘xXpcsure of & blcod stain to a
temperature of 1¢00C. and raised tq 2006¢ . did not
interfere with the reaocticn, althcugh a solution of the
gerum wasS more difficult to cbtain. Nxposure of blcod
gtains to 130°C¢. for 15 minutes, 1506C. for 1H minutes,
180°¢. for 15 minutes, &nd 200°C. for 2 minutes ylelded
a soclubtion of bloocd serum after steeping In galine for

72 hours. Expesure of blood stains to & temperature of

2

1%¢9C¢. and 140°C. for 13 hours, 1500C. for 3 hour and

160°¢. for quarter of an hour did not vitiate the test.

Bloocd stains 24 hours old when steeped in ocld

‘water for from 15 minutes tc 5 hours, still gave a

Eposit!ve reaction, as did the water in whioch they were

‘steeped, the intensity of the remotion in the case of

ithe/



the stains becoming less the lcnger the stain was
gteeped and greater in the case c¢f the steepings. The
above results were oconfirmed, using stains eight cr nine
weeks cld, but thesé stalins appafently retained more of
the blood serum, it having probably become more fixed
than in the oase of fresh stalns.

gubjeoting bleod stains 24 hours ¢ld tc water

5 hours, did nbt prevent

-

at 50°C¢. for from 15 minutes to
& pdsitiVQ resotion being obtained. The steepings alsc
yielded & similar reaotion. Blocd stains 10 weeks old
yielded similaf results but less blocd vassed intc the
water in which they were steeped.

Blocd stains 12 weeks o0ld yielded a positive
reaction after boilling for from H minutes to 1 hour.
Iike results were yielded by the boilings. It would
appear that whatever effeot bbiling has upcn the stains,
suffiocient bloocd gerum is left in them tc permit of the
preoipitin test yielding a pcsitive result. Similar
tests ocarried out with stains 24 hours old, failed to
yield pesitive reactions. It appears therefore that
older stains beccme sufficiently fixed to retain encugh
gerum, even after bolling, tc yield a pousitive reaoction,
whereas fresh stalns are nct so fixed and quickly give
up thelr blood.

The application of the precipitin test is not
satisfactory when scap is present in the extracts of
the stains, on aocount of the haze agreated by 1t, the
undesirability of completely removing the haze, and the
faot , that on the addition of any antiserum to & soab
solution in which no blood serum 18 present, an increase
in the density of the haze 1s produced.

For medioco-legal purpcses, the precipitin
test may be applied with safety, under practically all
conditions, the exception oi’ eourse being when the

blocd sgerum has been degtroyed by any &agency. guch ,

? among others, are effiocient gorubbing or washing of the

gtain, charring or exposure to heat above 200°C. The

% blacd/

T
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blood serum is & Very stable bcedy and is not readily
affected under crdinary clrcumstances.

As muchbof the work recorded in this wrjting
has been undertaken for the first time, 1t 18 hoped
that the results cbtained, will, by amplifying the
gubjeot from the medioc-legal aspect, prove of servioce
to those whoge work demandg the verformance of the

. Preoipitin Test in oriminal cases.
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The following photographs depioting the
absende and presence of the preoipitin reaction have
been appended, sc that some pioctorial conception of
é the nature of the reactions cobtained in the experiments
; may be &vailable. The very greatest difficulty was
encountered by the photographer in taking these
photographs, at the commencement, the high lights from
the ﬁubes and their surroundings masking the important
points. Very prolonged and careful study was given
before the first successful photographs were obtalned.

i 8¢ far as the writer is aware only véry few photographs
of the precipitin reacticn are avai}able and these

| show the reaotion with low dilutions of blood serum.

Most of the photographs here submitted, show a

positive precipitin reacticn wiﬁh dilutions of bloed

gerum a&s high as 1:20,000.




PHCTOGRAPH NO. 1.

prora left to right dilutions 1:1,000, 1:5.000,

1:10,000, 1:20,00C of pheasant blood added to Durham
tubes, the amount varying from é-f o.0. iVhen 3 drops
of opales Gent anti-horse serum were added to eaoh, an
Immediate turbidity formed. The photograph was taken
half an hour after the addition of the anti serum. A
floooulent deposit is not present. It illustrates the
ocnfusion whioh may exist between such a simulated
reaction and a true positive precipitin reaction. The
turbidity is uniform in all dilutions. The dense cloud
formed almost Immediately the opalescent serum was

added.



PHOTCGR&PH NO. la.

Normal saline after opalescent anti serum has

been added.

Note haze and deposit.

PHOTOGRAPH NO. 1b

Normal saline after clear anti serum has been
added .

The solution Is clear, the shadow at the
termination of the tubs Is not deposit, but Is due to

reflected light.



PHOTGG-RAPK KO. 2

prom left to right.

Dilutions of Sheeps Blood, 1:100, 1:1,000, 1:5.000,
1:10,000, 1:20,000. i o.o0. of each. 3 drops fresh
anti-pig serum were added. Ko haze developed after

4¢ hours. Kcte that Ko. 1 tube containing a dilution
of 1:100 eDdiibits a dark shade due to the red colour of
the solution. This degree of colour diminishes In
tubes 2-4. Kcte contrast between previous photographs
and this one, there being In this case no suggestion of

clouding or haze.



PHOTOGRAPH NO. 3

[I-
Left. Eight.

1, 2,3, 4, S. 1,2, 3,4, 5
Dilutions of maternal Dilutions of maternal
blood, 1:100, 1:1,000, blood, 1:100, 1:1,000,
1:5,000, 1:10,000, 1:5,000, 1:10,000,
1:20 ,000. 1:20 ,000 .

Anti-human serum added. Note the typical re-
Note oopi ous floooulent actions in all.
deposit in tube 1, and Durhams tubes used.

olouds and deposit in
tubes 2-4,

Photographs were taken &
hour after the anti serum
was added.

Dryers tubes were used.
L




PHOTOGRAPH NO. 4.'

IJU:

To the left of the photograph tubes 1-5 contain
standard dilutions of human blood added to long thin
tubes. To the right of the photograph, tubes 1-5 contain|
foetal blood in standard dilutions. 3 drops of anti-
human serum have been added to all tubes. Photograph was
taken ~ hour after the addition of the anti serum. It
should be noted that the use of the long thin tube for
photographic purposes is not so effective as the shorter
and thicker tube, on account of the former increasing
the high lights. Tubes ILeft and iRight show the
formation of the floooulent deposit in an efficient

manner.



PHOTOGRAPH KO. 5

Left .

Standard solutions of ox
blood and 3 drops of anti-
ox serum, titre 1:20,000.
All were positive after 20
fiiins. mhe photograph was
taken 24- hours after.
Note the rings of haze in
the uppermost portions of
the tube, due to oommenc-
ing bacterial action.
Tubes 1 and 2 show the

floooulent deposit well.

111
Hil

Right.

Standard solutions of ox
blood and 3 drops of anti-
ox serum, titre 1:20,000-
All were positive after 20
mins. The photograph was
taken 24 hours after.
There is a haze in the
uppermost portions of
tubes, due to commencing

bacterial action.



PHCTCGRAPH NO, 6.

Left .

Human blood In dilutions

of 1:100, 1:1,000, 1:5,000,
1:20,000 and 5 drops of

anti-human serum. The

deposits are well seen in
these photographs. The
photograph was taken 24
hours after. Note the
hazes in tubes 1, 2, 3,

due to bacterial action.

rtl

Rlght.

Pig's blood in dilutions

1:100, 1:1,000, 1:5,000,
1:10,000,'1:20,000 + 5
drops of anti-pig serum.
No. 1 tube is dark, due to
the deep colour of the
blood solution. Deposits
are shown in all the
tubes. Hazes are present
in the upper portions of
tubes, 2, 3, 4, 5, due to
bacterial action.
Photograph taken 24 hours

after.



PHOTCGRAPH KO. 7

Microscope slide troughs, prom left to right 1:100,
1:1,000, 1:5.000 dilutions of maternal blood, to which
3-4 drops of anti serum have been added. The photograph
was taken 1 hour after the addition of anti serum. Note
In frame 1 that the greenish colour of the plasticene
throws a high light, the same is seen on the far side of
tube 2, and in tube 3* Note the haze on the glasses
above the column of the fluid, due to wetting and drying.

The clouds and deposits can, however, be seen.



Microscope slide troughs. Frames, 1, 2, 3» contain
dilutions of 1:10¢, 1:1,001, 1:5,000 of foetal blood and
2 drops anti-human serum, titre 1:20,070. The
photograph was taken i hour after. Note the haze above
the level of the fluid in frame 1, due to the drying of
the liquid material on the outer sides- Flocoulent

deposits and hazes can be seen in all.



PHOTOGRAPH NO. 9

MlorQSOQpe slide troughs. The thicker glass seems to.
show the clouds more definitely. Photograph was taken|
an hour after the addition of the anti-human serum,
titre 1:20,000. Dilutions of 1:5,000, 1:10,000 and

1:20,000 of maternal blood were used.

IPHOTOGRrfPH NO. 10.

1:100 foetal bload, 12 weeks old, treated with
1 drop of anti-human serum, titre 1:20,000 . The control
on the left is normal saline and 1 drop anti-human
serum. Note the cloud in the right capillary tube and
floooulent deposit at the base of the tube. Also note
the plasticene plugs at the lower terminations of the

capillary tubes- The photograph was taken after 24

hours.



PHOTOGRAPH NO. 11.

1:100 human blood treated with 2 drops of
anti-human serum. The photograph was taken after 24
hours. The ocver slip trough v/as used. Note the haze
In the fluid and the floooulent deposit. The haze
above the fluid level is due to the drying of the fluid

on the inner aspects of the cover slips.

PHOTOGRAPH NO. 12.1

1:100 pig's blood + 2 drops of anti-pig serum.
The photograph was taken after 24 hours. The cover slip
method was used. Note the haze in the fluid and the
floooulent deposit. The haze above the fluid level is e
due to the drying of the fluid on the inner aspects of
the cover slips. Black wax frames were employed. Less

reflected light is shown.



PHOTOGRAI'K NO. 13.

V7assermann tubes were used. 1:500 exl:raot
from human blood stain with addition of 4 drops of anti-|
human serum.

Tube 1 is dark, due to the colour of the fluid. The
cloud is obscured, but the deposit can be faintly seen.

1:1,000 extract from human blood stain with
addition of 4 drops of anti-human serum.

Tube 2. The cloud is also obscured by the colour of the
fluid, but the deposit is faintly seen.

1:3,000 extract from human blood stain with
the addition of 4 drops of anti-ox serum.

Tube 3+ Negative .

Normal saline + 4 drops of anti-human serum,

“ube 4. Negative, showing antiserum was in good condi-

tion.



PHOTOGRAPH NO. 14

pxtraot from human skull bone with the
addition of anti-human serum. Note the floooulent
deposit, also the dense haze in the upper portion of
the tube, due to bacterial action, the specimen having

to be held over for 72 hours prior to photographing.

PHOTOGRAPH NO. 1b.

law#

pxtraot from human skull bone with addition
of anti-pig serum. Note the absence of deposit, but
copious haze in the upper part of the tube, for the

above reason. 4 negative result afte**QMNIQANNA



PHOTOGRAPH NO. 10

Tube 1. PQual mixture of dilutions of human and plg
bloods, with the addition of 2 drops of anti-pig serum.
rpube 2. As in tube 1 but 2 drops of anti-human serum
were added.

Tube 3. AS in tube 1 but 2 drops of anti-ox serum were
added.

Tube 4. Dilution of 1:10C of pig blood, to whioh 2
drops of anti-pig serum were added.

Tube 5. AS in tube 4, but 2 drops of anti-human serum
were added .

Tube 6. Dilution of 1:10C of human blood, to which 2
drops of anti-pig serum were added.

Tube 7. As in tube 6, but 2 drops of anti-human serum
were added.

The results are not satisfactory owing to the
dark colour of the liquids, and the incomplete
elimination of high lights which are very difficult to
avoid in photographing small glass tubes. The tubes
read from left to right. A definite deposit can be

seen in tubes 4 and 7*



PHCTUGRAPH No. 17

Tubes 1-3 are negative. Tubes 4-6 show a
marked oloud. Tubes 7-9 were negative, but in the
photograph owing to high lights a positive reaction Is
simulated. 1In reality this was not so. Tubes 10-ljL
are positive, but there was insufficient transmitted
light to show them up well in the photograph. These
photographs are not regarded as being satisfactory, but
cn taking a photograph of small suspended tubes, it i's
very difficult to obtain a suitable and evenly

distributed light. The photograph was taken after 24

hours .



U'KOTQCIRAPH NO. sl

Extract of human bleed stain, 14 weeks old,

frem cl eth boiled for i hour, treated with 3 drops

_anti-human serum, titre 1:20,QQcC.

PHOTOGRAPH NO. 19.

As above, but stain was boiled for 1 hour



PHCTOARA'H NO. 20

prom left tc right. The bailings of stains
numbered 8, 10, 11 and 12. photograph was taken 24
hours after the addition of 2 drops of human anti serum
Titre 1:20,000. The blood stains had been boiled in
the above soapy waters for 40 minutes, bO minutes,

bb minutes, and 1 hour respectively.

PHOTOGRAPH NO. 21.



PHOTOGRAPH NO. 22.

Prom left to right. The results of the
precipitin test applied tc the boilings of stains
numbered 6, 9 and 12. Note the positive reactions.
Floooulent deposits are present. Photograph was taken
24 hours after. The blood stains had been boiled in
the above waters for 30 minutes, 43 minutes and 60 .
minutes respectively.

PHOTOGRAPH NO. 23.

prom left to right.

Tube 1. Extract of human blood serum from a stain
exposed to a temperature of 13070. for 1" hours.
Tube 2. Extract of human blood serum from a stain
exposed to a temperature of 14070. for li hours.
Tube 5 Extract of human blood serum from a stain
to a temperature of 150°0. for ~ hour.
Tube 4 Extract of human blood serum from a stain

exposed to a temperature of 160°0. for hour.

A1l show positive reactions after the addition]

of anti-human serum.



PHOTOGRAPH NO.- 24

prom left tc right.

Tube 1. Extract c¢f human blood serum from a stain which

was exposed tc a temperature of 100"O* and raised to a

temperature
Tube 2. As
temperature
17(00.

Tube 3. As
temperature
180.00 .

Tube 4. As
temperature
20c0o.

of 16c°C.
in tube 1, but stain was exposed to a

of 10C. and raised to a temperature of

in tube 1, but stain was exposed to a

of 10COQ. and raised to a temperature of

in tube 1, but stain was exposed tc a

of iCfOo. and raised to a temperature of

All show positive reactions after the addition

cf anti-human serum.
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