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setivity as provitamin A, Of lessar importance 12 ngo-8-caro-
wene B, neo-g-tarotene U (n canned mamples), v-carotene, und
u-carotene. Lycopenc &nd its isomers are insctive and {-caroténe
has reeently been found inuctive (93, TNesults of several biologieat
asenys (rat-growth tests), rcvently conducted oo canned tomatn
samples of widely different g-carotent contens, indicate that the
content of 3-carotene is st present the best index of provitamin A
activity, bul that other carotensids may inerease vris activity nf
Lycoperaicaon fruits,
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A pracedure bas been developed for the determinatiov of DDT a3 svch in food-
stuffs containing considernsble smounts of falty malter such as milk, butter,

and aunimanl far.

Although tbe mmethod is nol rapid, 1t permits the detection

und determination of DDT in milk ity quantitiesnslow as 1 p.p.m.

ECENT srticles (31,18, 16, 17, £J) have iocused attention nit
the possible danger 1o the public health from contamination
of such products ss milk, butter, eygs, meat, and fats when iarm
animal: consumye DDT-tmated fced. Pharmacologicn! investign-
tions (£1) have shown Lhst ingested DDT acevmnuletes as such in
the fatly tissues of experimenta} animals and can be excreied tn
milk. Some of the DDT is roetaholized to bis[p-chloropheny))
seelic seid (3, 20), which is excreted inurine (5, 7, 20).  Teliord's
(16) 2nd Telford and Guthre’s (17) DDT-izeding experiments on
goats and rats, using rather high dosages. indicate that such mitk
may become toxic enough to kill other animals drinking it. In
order Lo evaluste some of these foclors, the Burean of Entomology
and Plant Quarantine stasted an investigation of the contaminas
tion of thesa fonds as a result of fecding DDT-treated crop: Lo
rarm animcals,

The problem of analyzing these foodstuTs is complicated con-
siderably by the presence of large amaounts of fatty melter which
accompany the DDT in organic solveni extracts—for cvurople,
about 4 grams of butterfst witl be extracted with the DDT irom
each 100 grams of milk, Any etiempt w detect 0.1 tng, of DDT
in 100 grams of mitk {equivalent 10 1 p.p.m.) by any of the pub-
lished methods of analysis (1, 4, 6, 22, 13, 13, 218 is likely ¢ en-
counter difficulty becuuse of the large amnnut of ynteriering foxty
matter.  The Schechter-Haller colorimetric method (10, 12). vk
though baving the edvantage of oxidizing a considerable amount
of extraoeous matter during the nitzation, eannst be used on
samples containing more than a (ew tenths o a gram of futey mat-
ter becouse of the danger 6f an uncantmllably violent nitraten.

Attempts to nitrste 0.5 gram or more of butterfat contuining
DD7Y led to violent nitrations, and even swhen the nitrotion was
cerefully carried out ta prevent a violent reaction, the results
obtalned were low or negative, Neither \Woodard ¢t ol {27) nor
Ofner and Calvery (?) mentiored this difficulty when they used
the method in pbarmacological investigations, probably bessuse
there was enough DDT present so that very small samples could
be used.

12 order o detect very smal} amounts of DT, b 53 riecessary
to find some method of removing extraneous material and concen-
trating the DDT.  Autempts to concentrate the DDT by chroma~
tography were not successiul. Low-temperature precipitation of
the fat by cooling & rolution with solid carbon diodde gave rise
to diffies)ties in filtration. Saponificotion of the fat and uze of the
unseponifiable portion would eliminate most of the {atly matter
but would, at the same time, convert DD'L Lo its dehvdrochiori-
nated derivative,  Such a procedure might be ugelul if one were
not jouerested 16 whether the DT wus prasest as siich or had
decomposed to s dehydmchlorinated derivolive. The method
of 311 snd Castille (14, i5) has this disadvantage.

fn the aitthors expeniments it was Eighiy desieable th establish
incontrovertitly the presance of DDT as such and o estimnte sta
conceutrntion.  The absecvasion of the solubility of tats aud the
wnsolubilily uf DL in concentrated zuituric acid led to the de-
velopmer o the procedure deseribed in this article Yor eliminating
all o1 a2 small ceadue from fatey matenads,  This resiilue prob-
ahly consiswg nuscly of hydroearbons, A seurcit af the literature
diseloced similar methods for the determination uf oil deponis on
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Tuble 1. Recovery of DDT Added to Milk
DDT Found Retovery
DDT Uocorrecte Corraeted Corrected
Added ferblank ler biank for Blaok
Ppm Piopom, P, %
0 {plank 0.43 . .
0 (blsuk? 0.35"~ L. ‘e
1.00 .27 0.90 o0
1.00 1.30 0.03 93
.00 8 50 3.23 105
5.00 340 5.03 101

2 Calevlared 3 DDT: ke charseieisne blue color was not produced.

ieaves (9) and of diphenyl in orungey (2, 16). The relatiovship
to the refining of petroleum with sulfuric acid is also interesting
0 note,

APPARATUS AND REAGENTS
Same of the epparatus and resgems sre deseribed by Scheebier

el el {12); ivis adviseble o use test 1ubes 23 % 200 mm, or lsrger
Jor the nitrecions,

Separotory funnels, 500-ml. capacity, should be prapared in
the same ranner Az the 125-ml, separatory funoels mentioned
by Scheehter d al. {12y and sheuld be dry whea uses.

Centnfuge and centrituge bottler with rubber caps,

Sodium subfste-suliuric acid, Disvolve 00 grams of ¢.p. anhy-
drovs sodium suliste {oven-dricd) in ) liner of ¢.7. concentrated
sulfuric acid {sp. gr. 1.B4) with vhe aid of heat, and cool Lo room
tempereture.  Sodinn hisulfase 35 probably formed in the solu-
tion,

Fuming suliuricacid-concerurated sulfuric acid, A mixture of
equnl volumes of furning sulfunic acid (20 lo 30 sulfur trioxide)
angd concenurated sulfuric acid (=p. gr. 1.34).

Sodium bicarbonate solution, 5%.

Technieal seetone, technical ehlvroform, and Skellysolve B
{a petroleum jraction, bosling st 60> to 70° C.). These solvents
showld be redistilled before using,

T1 is advisable to have sll apparatus ripsed seversl Limes with
redistilled technical acetone and dried. The scetone may be
saved andrecovered.

FPROCEDURE

T0 100 graros of milk which has been thoroughly mized before
sampling add sw equal volume of 95% cthanol ™ Divide the solu.
tfon equally between two 200-wl. centrifuge bottles. When the
copcentration of DDT is higher 1han 3 p.p.m., it is advantogeous
w take a correspondingly smsiler milx sample. Where larger
bottles are avhilable, the sample need not be divided, Add 50
ml. of Skellysolve B 1o esch bottle, cover the bottles with rubber
caps, shake vigorously, and cenLrifugc a1 2000 r.p.m, for 13 min-
utes: , Pour the eontents of both hotlles into a 500-m), separatory
funnel.

After the layers hiave separated, droin the lower layer in equol
portions directly juto the same centrifuge bottles. Drain the
upper Skellyzolve B layer through a §-cm. tightly packed plug of
cotton held in a glass Gooch crucible hoider into a 500-ml. Erlen-
meyer fask with a standerd ground-glass joini. Extract the
solution in each centrifuge botde in Lhe same manner s before
with two.successive 25-ml, poriions of Skellysolve B and 2 fina:
50-rol. portion centrifuging for aboul 10 minutes each time; re-
wurp vhe lower lavers jrom Lhe separatory {unnel to the centnfuge
bottles and filtes che upper Iayers through the plug of cotton inte
the Exlenmeyer flagk.  After the lasi extraction, oibse the separa-
cory funncl with 50 ml. of Sketlvsolve B, whieh is also run throngh
the plug af cotton into the Erlenmeyer Bask, Add a gloss bead
to the Erlenmeyer fiask £nd recover the Skellysolve B from the
milk extract by distilstion on the stenm beth, using an nll-glas.
apparatus, \Vhile the fAask is being heated, intert & tube con-
pected to s vacuum line to remove the last troces of solvent.

Quentitatively wash the rezidue from the distilation into a
500-ml. separatory funnel with 150 wl. of cbloroform, For the
anelysis of butter or fat, subsuitute for this residue a8 3-grem
sample or an extroct thereof itom which the solven has been re-
moved. Place 100 ml. of chloroform in & second 500-ml. separa-
tory funnel, and extrary the chloroform solutions successively
with (1) 50 mi. of sedium suliste-suliuric acid, {2) 30 ml o so-
Jivm sulfate-suliurie acid, (3) 50 mi. of {uming sulfwic acid-
concentraled sulfuricacid, and (4) 30 ml. of sodium sulfate—svl{une
ncid. I this last wash is not light in color, it is 2dvisable 14 use

-holder into ‘a third 300-ml. scparatory funncl.

ARALYTICAL CHEMISTRY

still anotber sodium sulfote~sulfurie acid wash, Drain each and
wasly (lowar layer) from the first. funnelinto the second funnel and
fnally into a 250-ml. cylinder. The extrnction in the secomil
funne) is uzed to minirmize the loss of DDT by the slight emulsi-
tication of chioroform jn the ecid waskings. The funnels should Le
shakren vigorously each time and vhen stlowed 1o stand jor 10t
15 minuics before draining off the acid layer, In the rore ce-e
whers an erulsion forms sand does not separate in 30 minutes, 1he
mixture roay be centrifuged snd poured genty back indé the
separatory funnel. Itis swell to keep a swall beaker under eucly
funncl and (o hsve 2 we cloth handy to wipe ony.acid which way
drip.
After the acid extractions are comploted, filter the chloroform
irom the first fuisel pnd then fror the second funnel through a
S-cm. tightly packed plug of cottop in s glass Gooch crucibh
Pipet off anv
thloroform which has visen 1o the suriace from the combined ach!
washings in the cylinder and run it throngh the plug of ‘€orton.
Rinse the two funnels and the corton with cﬁ%orofoym, using abont
30 o 100 m). Add enough 5% sodinm bicarbonele solution
about 40 m1.) 1o the combined chloroiorm hlirata so that it will
remain alkaline when tested with litmus paper slter vigorous
shaking,  After allowing about 10 minules for a reasonably clear
~eparation, filter only the chloraformisyer through o 3-cm. plug of
tightly packed cottan in 8 glass Gooch criteible holder intn e 500-
ml, Erlenroeyer fask with a standard joint. Wash the sodiym
Licarbonate solution remaining in the funnel with two successive
30-ml. portions of chloroform, which sre also run through the ro1-
tom inle the Erlenmeyer Aack. If the filtrate is not cleer, filler
agnin,

Add aglessbeadtothe El’,\enmeéer flack and recover the chloro-
form on thesteam balh, using an sll-glass system, until only about
10 ml. of solution are left. Wash this quaniitgiively into a Jarge
test tube {25 X 200 mm. cr larger) with acetone, 2dd o glass
besd, nnd cautiously cvaporats the solvent on the steam bath,
removing the last traces by inserling a tvbe comnected to a
vacuum line. Nitrate the residue with 3 ml. of nitrating mixiufe
and complete the snalysis-as described by Schechter ef ol, {12,.

Sioce there will still be some interference jrom the swmall
amount of raffinate from the butterfst, it is advisable 1o make
spectrophotometric measurements av 600, 620, and 640 milli~
microns (s Beckman_quartz speetrophotometer was used) and
sverage the results.  Relow 600 millimicrons there mis)y be enough
interference 1o cause rather high resuhs, so that it may be im-
possible to celenlate the amounts o) p,p’-DDT and 4,p~-DDY
and add them Lo obtain tbe total DDT. Consequently, it is
desirable to use s a standsrd & semple of the same DDT as was
used ip the feeding experiment. If it is not avsilable, DDT of
thesarne type and grade meay- be used.

DISCUSSION

The method of extracting the milk differs from & similar pro-
cedure deseribed by Olson e ol. (§) in Lhat a centrifuge is used to
break emulsions rapidly and Skellysolve B is used tather than.a
mixture of Skellvsolve B with ether. In theé present procedure it
is 1ot necessary to wash the extract with water to remove ethanol,
since Skellysolve B alone does pot extract-ethanol along with the
hutteriat.

Chloroform is bsed for the sulfurie seid treayment, becouse it
gives the Jeast trouble with cmulsifieation in the presence of
hutterfat.  The addition of sodjum svlfete to vhe sulfuric acid
also seems to nid in preventing emulzification. Il solvents other
thian chloroform are used or if sadium soliate is not added to the
<uMuric seid, cmulsipns of the consistency of mayonnalse may
form.  The mixture of fuming sulfuric acid-coneentrated sul
‘urie ucid removes material from the chloroformy solution of
butterfat which is not removed by the sodium swlfate—suliurie
anid washes. The use of straight fuming sulfuric acid containing
20 to 305 of sulfur trinxide has been found to give lon results,
probably by suifonstion and removal of the DDT. Phosphoric
acid (8572) has been tested 5n this extraction procedure in plice
of the sulfuric acid but it does not seem Lo he 36 satisfpetory.

\With the amounts of reagents deseribed, persistent emwlsions
which do not break in 20 minutes will be formed ooly rarely. 1f
an emulsion is formed, it may be ecentrifuged or, preferably, the
analyses repeated usiog a smuller semple.  1f larger samples must
be used rad emulsions are as a conseguence regularly encoun-
tered, one or two preliminary extractions of the chlorofprm solu-

PLTEXP009316

WATER_PCB-SD0000054571



VOLUME }J8g NO. I, JANUARY 1847

von with sothwm sulfare—coacentrated sulsuric xeid using gentir
shaking Is advisable.

Biological lissues may be frented with sodium suMinte o de-
seribed by Srnith and Stoblmsn {13} or Ofner aud Calvery (7).
After avaporation of the salvent used for extraction, the residug
may be dissoived in chloroform and submitted to the suliurie neid
extraction procedurs described above,

p.p"-DDA, or bis(p-ehlorophenyl)acetic  acid, when put
through the wulfuric acid trentment, is removed and does not
merfere in he anwiyvsis for DDT. 1 p.p-DDA ix to he deter-
mined in biologien! tissuos, St should first be separated from the
sample by vllizing its ascidic pyoperties. Tt ran be extracled
‘rom an ether salition of the sample {or extract thereol) with
sodim bicarbonate solution, which should bs separated, acidificd,
and extraeted with fresh ether.  Evaporalion of the ether will
pve a residue eavdaining the pop’-DDA.  This ean usunlly he
mitrated direetly and determined by comparison with p.p’-DDA
standsrds vun by the Schechter-Haller colarimelric procedure
{18). I traees are w be dererruined and interferences are en-
ronntercd, the residue insteod of bang nitrated directly can be
nbmitted to & madified snifuric acid tremvment.  The raadifen.
Han consisty iy omitting the huning sulfuric acid-toneentrated
sulinric aeid snd the sodium bicarbonate washes end using only
-onr soditm sulfate-sulivric aeid washes and one wash with 40
ml of water. Duplicate determiinntions on 1.00 mg. of p.p™
DDA using thic modifieation have given recoveries of 95 and §1¢7,

Table I1.  Apalyses of Milk, Unlier, angd Fat for DDT

Sampie,

IND Nea DDT Fample, 1O No. DLT
Pipom, P.p.n
Mitk 10,004 3.3 Miltk 10,187 2.2
10,036 4.4 10,1865 20, 20
10,108 158,15, 138 1G.158 21,2
1G.110 L4135, 1¢ 10,189 28,28
10041 1B, 20 10007 (blauk) 0 37, G,4¢
16,142 20,20 Butter 10200 456,456
1,131 32,23 10,20} 430, 534
16,142 20, 20 Fevirom stesk, 103680 123,17¢
Leun treeat from steak, 10,330 4.4

2 Coalzulated as DDT: the characterstic blue color ebaracterivtic was sot
froduted.

The application of the sulfurie acid treatment prior to the ni-
trntion of the sample mey eliminate interfering tubstances if they
are soluble in sulfuric acid or ersily sulionatable. For example,
1 5.0%% solution of DDT in Velsicol NN-70 {chiefiy tetramethyl-
sxphthalene) when nnalyzed by direet nitration gave values of
10.5 and 10.75%. whereas when the sample was put through the
sulfuric aeid treabment described under Procedure, values of 5.2
and 5.1% were ohinined.

RESULTS

The procedure was first tested on technical DDT and dehydro-
chiorinated  p,2-DDT I, 1-dichinro-2,2-bis(p-chiorophenyl)athy-
lene] to determine the percentage recovery of these materisls in
the absence of butterfsl. When 1.00 mg. of lechnjeal DDT was
dissolved in 130 ml, of chloroform and csrried throught the de-
seribed trestmeny, 100 recovery was obiained in duplicale
runs. When 1.00 mg. of debydrochlorinaled p,p’-DDT was
wested in the same manner, it was recovered to the extent of
97 nod 90C in duplicote runs. Since dehydrachiorinated p,p’-
DDT is evidently vol rempved by the sulfuric acid treatment, its
presence 1o any appreciable extent in a sample may be detecled
by its effect on the absorption spactrum of the developed color
Dehydrochlorinated p,p"-DDT gives a red color in the Schechter-
Haller colorimetric Leat {192), with an absorption spectrum dif-
ferent from that of the blue colar of DDT. o,p"DDT and its
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dehydrothlorinaled derivative likewise would be expected to he
unnfected by the sulfuric acid treatment.  Any p,p"-DDAIbis{p-
chlorophenylacetie acid| which is oot removed by the sulfurie
acid washes wili be removed in the sodium bicarbongte wash of
the chloroform solution and heaee will not interfere in this de-
teroringtion,

The completr prozeditre, starting with the extraciion of the
milk sample, wes tested by adding known amounts of technical
DT to the milk, To 100 grams of mitk D.1 mg. of techmeel
DDT in scelone was added to give ) p.pan., ond 1o 100 grams of
milk 0.50 mg. of techpical DDT in ncclone wns added to give
So.p.m. The resulis of these analysss together with the anslyses
of the origine) milk without any DDT added (blank anslyses)
sre given in Table 1. The procedure when applied to milk con-
taining as low as )} p.p.m. of DDT gave &n casily discernible
characteristic blue eolor. The bisnk milk, to which na DDT was
added, gave only a yellow eator.

Tabis II shows she resuls of analyses of milk, buttor, and fat
samples for DDT content.  These samples eame from cows which
were gven DDT-trealed feed, except ID 10,107, which carue
from a vontrol cow that did not receive aty DDT. ‘The rosults
are in duplicste or uriplicste and have been réunded off 1o the
nearest whtde pumber except for the blanks. Some of the devia-
tions may have been due to inadeguate mixing and sampling of
the rnilk, which in mavy instunces had separated on standmg.
The blue ctolor, charavteristic of DDT, wasz developed in ai)
cases except Tor the blank milk, I'D 10,197,
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