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possiblc chlorine pesitions) were studied as carly as 18681 (1)
and b; 193D (2} were in wide usc. Thcy zre nrnown 1o be quite
'toxic, especially to liver cells, As carly as 1935, Jones apd
Alden (3) rtpof':td that ren emdloyed in the production of IT5's
Ceveloped ecne-type siin eruptions. Throe ycars later, Crecatusg
and coworkers (4) rcported that FC3's and polychloriratod ment~
thnt;aes vere x;cspos!bie for the dcaths of thiee wvorkers.
Bosidue chonists, egpecially in Europe, have tecently beconz

fnterested in these PCB's as well as the polychlorinated triphen-

yls, maphthalencs, terpenes, and other Telated coipounds, since
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Jensen (5) in Sweden reported their presence in wildlife tivcues
about two yecars ago. )

The PCB's and related compounds (although in the rest o7 this
paper reference will be made to the PCB's only, the othor reicted
corpounds arec also qQuile ipportau:) have very nuserous znc iiroor-
tant inQustrial uscs, but are not uzed as pesticides, Becevse of
their similarities in structure erd properties to the 2T pesti-
cide group, the PCB's, if present, are carcied through the vsuel
pesticide extraction and screenirg rrocedures, and since thcy
possess cluctron absorbing properties, will fnuterfcre with gas

liquid chrouinatographic clectron capture (CLC-EC) analysis of the

organochlorine compounds,

Peforc 2ny discussion of the type of intevicrence voco el
"1t would be approprirte to meptaon tolelly sgrm: ef the proopnontew

and uses of the PCB's,

They are produced an? marretced uvader a mubior of cerereiid
trade nanes e.g. *Avoclor', *Clophien ASO*, ete. The ICB'e ~:on»
avallable as liquids, resins, or coulids; insoludle in wvater;
thernoplastic; non~-drying; stable on long Lezsting at 150°C.;
electrically non-conducting; not z{{ected by Loiling with o
solution; do not suprért corbusticn when alecne ebove 2060°C,; ave
easily soluble in mo3t corzion prganic solvents and drying cils,

Thcy.nre uscd in protective co2tings, as plasticiiers ard
txtendcr;, as t‘alers ip water-proafing compounds and puity, in

asphaltic miterlals, printing inks, waxes, and synthetic
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gdhcslvcx.
l.iquid FCB's arc used as die!ect;ics, as hydraultic {luics, in
therrmottats, in cutting ollz, as extreme pressure lubricants, acs
grinding {luids, and as hcoat transfer media.
Solid PCB's are used to inpregnate carton resistors, as
scalers or impregnzating zieats for elcctrieal apprratus, -
Obviously, the stability of thesc compceunids nakes them ox-
tremely yseful and versatile for a great munber of applications,
Considering thefr stadbilicty - pot affected by boillng with MNenll
or ritric acid, not mc;aboliznd in livieg ovganisrs, and norilan-
malle §f coﬁtnining more than {our chio:inc groups, 1L is as
(.3 Jeasen (C) pointed out, 4ilficult ta explain hvr thesa canpounds
tind their way into living organisns,
However, vith the runeru:s applications, it i3 not incon-
ccivable that fish and other wildlife could be poiluted ac a
result of the flushing of wastes into rivers, leves, etc, It isg

-8lso possible that contanin2tion could procaed via the atpusplere

< s . ST mN
when vastes ccirlaining these compounds are turat,
e S

-~

However, a third and éorc 1ikely cource is the pocaidbility
that some ccmpanies mxcht'bc using PCB's ia pesticide formula-~
tion to increasc the kill-life of insecticides, The Mons:znto
Conpany, which ranufactures the Aroclers, stated back in 195 (7)

that the Aroclors can “trap™ and hold more volztile tngredicnts

making volatile inseecticices and repellents last longer in resi-

dual activity. The most pronounced cffect for fincreasing tha
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kili-1ife of Inseccticides was obttained with lindanc, chlordarce,
and benzene hexachioride (BHC)., A ten-fold effectivesess for
albhi . R | 1 b
lindance wus rtportcd b) the U.S.D.A. by includxng $-257 ICB'x i
the forrulation. Atternte to detercine whether this idea had
been pul inte practice by scme companics have so far been unsve-
cessful.  Buet there 48 mo deadt thet, 3f the ICB's are being uted
in pesticide formutation, then this would certainly cuplain tleiv
preseace in wildlife tissucs and other sanples,

Jongon (¢) has used a pitration procedure in order to difin
entiate the FlD's f?om the pnsticidg rerjducs. He treated the
clcarncd-vp extract with a wixture of concentrated H393 and coe-
centrates "75U4 (111) for S min., at 0°C. After the additicon of
cruthed ice, he extracted the reacticn nixNture with hexane zad
rein jeeted the cxtract. He states that the method shiculd lesve
ICR*s, lincane, and BHC unaffccted. Our atternts to repost this
refction have not been (ully successful, Thcre appoars to bt
some loss of the more volatile (early cocrging) FOd's, hoeptaschie
eporide 1s not affected, and peaks with lenger retention tinge:
appear,

Although Jenscn did not elelorate as to the fate cf the pes-
ticides, we have deronstrated that aprarently, nitiation docs
occur. This was shown for LCDT when a large p2ak (provadly due to
the tctttnitro.derfvitive)'appearéd on the chronatogram about 7
hours after fnjcction of theinitrated extract.

Of course, this reaction s a modificaticn of the old

n
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schcchf:cr—fialler (8) PDT mothod §n vhich rure drastic conditions
(fuming IINOS and concentrated “2301. with haating on stean bath)
were used to ensur? oxidaticn and removal eof intcrlering hioleg-
ic¢al materials., The nltrated pesticides wore extracted with ether
ond a colorimetric méthud was ueed in the {iral doterminative
step.

Erre ot al, used this techuique to detitisire toxaphenc in
the prescnce of DUT, on the bacis that the chromatogre;hic pattern
of toxaphimic is not affected by nitration while the nituateld DLT
docs not chromatograph under the specified cenitions,

Obviuuély, nitraticn does not appoar te he the answer fovr
conplex misturcs of peeticides end PIB's sinne some pesticicas
(lindane, FUC, toxanhene, *Strobane’, elc.) appareatly wilt ol
nitrate while sovme of the BCR's gkt nicrate, Althouch wo o
not uscd Jensen's column packing (the liquid hase SF-9% is a
methyl silicone), it Is impossiblec to avoid comfication and [rn-
terferconce froa the nitro Zerlvatives for:nz:l, especially wh:n the
pesticides ere present {n large arocuats,

.There are three rmain reasons vhy we prelev an approach dirf-
ferent from Jensen's:.

1. It is prelerable to scparate the two groups rathcey than
destroylng one, especially when it is the pesticides that are
being destroyed. T ) ' .

2. The nltrvation approach tends to complicate the inter-

pretaticn of the chromatosrams, since the nitro derivatives
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possess greater clectron abserting power and with thair lonper

retention times, should emcrge and interfere with sudscquent

injections,

3. We have been urable to repeat Jeasen's clecvr-cut dif-
ferentiation, apparcently partly because of the nitration of soue
of the FCB's,

Interference of ROR's

We have stterpted a more jdeal eprroach to differentiate the
two proups by seporation followred by tha separate analysis of
each gtoup.,

The GIC work vas carried out under the followirg conditicrc:

Cas Chronatcrraph:  Varjan Model 1200, fitred wvith tritiv.-
T T electrorn capture detector; colunn. piass, $piral, €' x i/=" .,
packed with 6% QF-1 arncd 47 SE-20 on Cﬁ:o:osorh WD), No. of
theorctical piates for DOT = 2227.

Opcrating Conditicns: Colunn terpirzture 192°C.; injector

terperature 245°C.; dotector (bése) tecperature 2L0°C.; Nz fiow
rate, approximately 40 al./nin.; volune injected, 5a1. FPreoaZar:
Varian Aerograph ¥edel 20, 1 mv, full scale deflectien. Chart
speeds 2/3 per min.
Fi;. 1 indicates the degrec of separation of F pesticicdas
* - in a standard mixture. The cxcellent sepavatien obtained fox
DDE end dieldrin in. this. column which was first used by KeCully

) and McKinley (10) should be roted.

11
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Figure 2 ghows the nunber of peaks and the scparation ob-
talnced for a sample of ICB's ("Aroclor’ 125) while Figure 3
dersonstrates the degree of. interflerence encountered when the
pesticides ave nixed uiih the FCB's,

It is in;cresting to note that the peaks of the coimonly
{ound jresticides all have e correspending PCH peak that would
interfere §f preseat in the sanme extract., This is in epreenont
with Jensen's work.

Scpevatica of TCR's fre:, Pesticides by the Use of Fliericild

With thin layer chreratogzranta (TLZ) tt was ebrerved thaet
the TCB's ('Aroclor' 1257, Loeuded to ren tow-rdr the eolven:
front o the TL plates. PReacing thiz in mind and %he oot who

.

our cleanup procedueres for pesticicde residue: in anftoal tisanes
wsually invelve a finsl Flovisil step, we exporinonted to sen if
the PCL's could be eluted freonm the Florisil colwm with n-luxane
knowing thiat most of the pesticides ere not cluted under thoso
spreific conditions.

Foutr preliminory expariments were corrvied out to test the
feasibility of this.staration on Flovisil., In Expt. I, 51},
of standard PCB preporaticn war added to the glazs coluwn (20 rr,
x 2.5 cx, 0.D.) packed with 4% nl. (ca. 19 ¢a. or 10 cm. in
height) Florisil (60-109 wmegh, Floridin Co., stored at 130°C.
until ready for use) and.topped with a3 1/2" layer of anhyérous
Nazso“. Elvtion was cartléd out with 100 ml., n-hexane, and the

prrcentaze recoverics were deteriined. This experinent was

1%
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t
repcated but the elution was effedted with 200 ml. hexane (Exp:,
I1). The same experiments were carricd out ‘with the stendard poo-
e oplien. ticide mitture ¢Iutin; uxth 100 (Expt. II1) and 200 ml, (Expt. IV)
hcxane respectively,
YARLE 4
Petcent recovery of PCb's and Festicides frem
Florisil colusns by clution with hexzne (2)
TCE perak | Expt. 1 TExpi. 1 rrerzicice(00imrt. 14T Evpo. 1 |
no. (GLCY!100 2% hexl220 -2 bl peak 1100 £l hewl 250 o3 see
1 £0.1 92.2  iLindenc | wone | wae |
2 8G.7 102.1 Heptechlor | ione ©2.,7 |
3 65.6 102.0  jAterin | 62.85 gh.1
[ €.2 101.,0 'Hept. epox. Xone Yone !
5 621 100.0 iDDE 12008 97.5 |
o 4%4.9 9e.7 ;Dieldriu } None Yone |
bi 4,0 101.2 :r);m Nore Lone !
& i 26.5 105,2 ip,p'-‘:" Vore tere 1
9 ¢ 0.4 105.8 : |
10 | 72.6 1ci.s | l
n i 76.9 $).9 i |
12 ; 7.2 o0 :
13 P so.o 165,0 I i !
14 ot -V aosae '
. ‘ N ] LI N
e, Recoverier are based on peak helipht corparisons and ecooh
value tepresents the averape of dunlicete Conormincc’inus.,
b. Under the oxperimental esrdizions, 290 nl. ef 200 et
ether in hexane s usad noraally to cluete thn ponticidas
althiough G =1, can quantitatively roenove then.
The sxpcrincental results vhich are showa in Tebla I indizace
that sepztatlon on & Florisil column is feazihl2, Almnst quanti-
.t E tative removal of tha FCB's §e effected with 200 ). hexane, 5ito

. under the sape confitions Quly ithiree of the S nesticides trird
shoved evidence of elution (heptachlor 92,7, aldrin 94.1%, an
DDE 97.5%). It is interesting to note that these three pesti-
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<ides shovwing some elution fror Florisil with hexane, are, like
the PCB's, quite mobile under our TLC condi;ions.

Two further expérincnts were carried out to sce if the sep-
aration vas still effcctive when PCB's and pestlicides wore mixed
(Expt. V) and when they were pfcsont in the extraet from an ani-
pal tissuc (Expt. VI). The first clution was rade with 260 ul.
hexane, the trecelver vas chan;!d; and :hg‘sccond elvtion was
carried out with 250 rl, of 207 eihy) c(hcrlin hexane to renove
.the pesticides,

The results of the two experimesnts ave shown in‘%ablc I,
and coafirn our earlier fiédin; that wilh rhg-excoptién of DO,

|
. atdarin, &ind heptachler, & ciear~-cut sepave toa of the FCL

P
. |

. -~
=« and

. " hY '
pesticidey cen bLe made by tle ose of 2 Fiorintl colirk,

L}
The [zct that DT is elut+d with the FIB'S Ly puve Lo, @
can be uscd to advantage in che coufirmativa and quantificetion: i
ot
of DDT by dehydvechlorination. The estization of wyall sroamts
¢

of DDT in the presouce of inter!erunce (fo: ox:nplé, a Ite) is

1

enhanced if DDE is previously rorewed, The GRE preduced by deohy-
drochiorination caa then be uesd ta estimaty the amount of BT
originally presont. In the presence of coparatively large

amounts of DDE, this spprozach s nat very duependable, '

A

. ‘ - Discuszion ,

_The results of th» above axpeciments coupled ﬁit% the work

of Jensen indicate that there are serious problemsiceafronting

. residuc analysts. licvever, as far as the writer is arzare, thrc

1 ) !

|

|

]

i

, ) ' . - DSW 032015
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TARLE 1I

Percent Recoveries of FCB's and Pesticides from a Mistu-e
sfter Separation on Florisil (Expts, V & VI)=

*

Re

b.

Ce

" the counbined standard mixture of PIR and

Flutcd villi 200 ml, boxane With 250 ml. 207 ether in ficeane
ICs andfor , % ] Festicide - -
pest. peck  Kecov, ©7 vaov.(b) neak Rc:nv.(a) “*C”*:E?)
Lindane 923.6 95.5
Heptachlor  92.7 93.1 Peptachlor Nene None
PCB1 104.0 101.7
rc¥2 + a1 10201 96.6  Aldrin 1.3 4.0
rcsl 100.0 10¢.0
rCLa4 164.2 102.6 tept. cpox. 944 102.2
rcRS + DS 97,8 102.6  DD: Kore sone
PCRS 101,32 100.0
Dieldrin 3C0.0 100.0
FCB? 97.8 105.1
YCBS 100.0 10G.0 DDN 102.3 95,6
- : PCRI - 91.6 97.n _
K PCE10 104.7 104.3 Dot 929, ¢ 52,3
e CBIY 100.0 105,5
PCrY2 162.0 100.0
PCBI3 100.0 100.0 ‘
rcvla 96,2 100.0
- S R
|
« The peaks are arvanred in cvder of their éacrcence (increar-

fng retention tire) from the SLEC colurn, and vhere 2 PCH
and a pesticide peak cppear in the sare line (hovizontelly)
they have sinilar retentjon timeos,

A stapdnrd mixture of FCh's and pesticides in pure hewzane
was plzced on the Florisil column; firel eluticn w=s nde
with 200 nl. hexane, recelveor w2s charped, and the ccluma
eluted with 250 nl, 20% ethyl ether iq horane.

etticlides wveore
tissue which
fdes.

Sane as in (a) except that the ICR?F dnd

first mixed with an extrect from an anira
was knoun to be essentially free of pdsti
bory was calcu- . ¢
gainst that in
esticice., 1In

sll other cases the pezk heipht ”3‘:f3593F?° to thu: in

the standard injected separately.

R TR ‘

Since a single pcak vas obtained, tha:rer
lated by a coparison of the puek height
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has becon no positive confirmation of the presence of ICB's in
_wildpi!%’flsJué_ by techniques other than chrbmato;raphy. This
leaves cFubts that the presence of the unidentifled peaks (UIP's)
is actuaily due to PCBks. Theze §8 the possivility that sone or

all of the peaky are due to condensation products of the metabo-
)

litcs ﬁ\pe»ticxdes lirc DDT. For exanple, 4,4'~dichlcrobenzo-

phench ‘fDCD) . Cl< \\- /'_BCI ; is known

to be d rﬂtabol¥te of the DDT cxoup.
L )

vThe*prcsenéc ol LLc keto grovp makes it quite feacidblie for
[} ' (] ]

1
"

S 1
condenration to take vlace.
‘ . .
' Tere are at lecast: two points that lend 'support to this pos-

'
]

sibitiry.

1. The UTP's (telag cailed 705's) ace usually observed
3on{y7uhCn large :.ourts of the DIT gromup are prasen”,

| 2. JénlenI:lrckrd cagle feathers colldeted since 15229 o
firet detected FC3 (not confirncd) inan zagle from 19%%, It
might be a co{qcidcnce, but this is approximately the tine that
DDT usc cane into prurlnence, It should bo noted also that the
PCB*s wrre in wide usc as early as 1939 (2).‘ Thus until pesitive
confirm)tion {e.g. with mass spectia) is obrteined, there will
rematn some doubt that these UIP's are due to PCB's - especially
lfJPCB's Q;e not uscd ln pesticide furmulgtions.

! It i;:pertnjnly true, hnun\or, zh1t wvhe thnr or rnnt the UlF's
are 225': Lheir prﬁscncc leads to aLfCiculuias. The recsults

f
obtainid fpr onu sanples cf fut rezently anaslyzed in cur lazhora-

o ! ‘i

r : 10

;.Iﬁf 'h‘ gf‘h*i'.,hi- ’ z.q"f' T b oo ,
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~tory atre typical of ihc problem, The §Amp1e containing the
: .

1
hlghcét levcls of resldues contalned the following pesticides in

pep.m.s DDE - X.&i. dieldrin - 2,13, DDD - 5.61, and p,p'-DPT -

H

2.50.

_Eycn pr{or to subjection to TIC confirmztion, the DID value
appcared unususlly high when it is considered that its poccence in
tissues is usuélly accounted for by three main routes;

;} ﬂt i; vscd es a pesilcide, but not extensively.

») "15 is one of the metabolites of DDT + however, the DT - >DUE
pathway is mu;h rnore prevalent than DBDT -2DID, with the latrey
usdally.occﬁgging in the tiver, hence the fat tissue 15 &n saliko-
ly lecaticn for levpge wnounts of DID, '

b '
c) It {s 2 fizquent contoninent of teelaisal POT uscer i sproy

‘ procfans. ‘
Lhen confiration of the peaticides was attenpted, rhe TIC
' plates showed rno DPD, althousﬁ the apparent anount preson

!
should have given a distinct spot on the plate, YHowever, a sput

was observed running rear the solvent froal, a cousidoretle dis-
tance from DLD. UWhen this spot was scraped of ¢ the TiC plate,
;lut;d, and reinjecred inté the pgas chromatograph, a poan having
-tct;ntion tim;“idcntical to DDD was olecrved. Although this in-
lthftb#ﬁggtuterlalihas not been identified - it could L~ a PCB

s

' [ f

ce its retention time coilndides with one of the TCB's - it is
. ' » o . ! ;

_obvious hov easily onc could report false resulrs, especially if

| use i# wade of the CLC-EC results without further cenfirmation.

Nt
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b

TLC contintcs to be our main confirmatory method, but thore

arc tiaes, CSpéélal®y with suwaller (Lubl significent) amounts cf

pesticides, when it §s Lipossidble to make a positive confir-otion

with this tcchatque slone,

The determnination of CLC retontion times on two or nuce sta-

has pointed cot, {t cannst be regarded as an independont

ter of fdent{ty since 4t ray be shown that varicus

" tionary phases is quite us2ful in some cases, but as Robinran (1)

I

jreranie-
3
ergannchliorize

pesticides on different stationary phasus are significantly cou-

retated,
I

Bearing in swind these prehlens and the difliculty of oppiy-

ing infrarced, voss speociiy,

confivmation of suell orounts of panticide residuns

and other spreiToszopic nathelds for

vy hiol o Teeelt

» - . . . crs . -
sis and 1eliacee should be given to chenical modilicaticn o the

pesticides and relnjecticen into the pas chrorateguanh, usicg

e

retontion times of the products as reans of conflirmation.

With our SMI techrinue (5 = Separalion of PCB's on Florvi-il,

M = Modificaticn of tha ponticide by chenicel rexns, I = Trijce-

tiny of the oxtract contwining the yredict into the GLC apparetun

we have obsetved some ceies where a single CLC pear indicating

odb pestiéidc vas in fact a mixture consisting of the pesticida

plus some othﬁf PCB-type-unkqoun having the sene retention tina,

B4 :
Mith TLC as't

Hn sole gbnfirantoti method, one could quantify the

wvhole as be&n;iduo to the pesticide and be out by many facto:-s

3

.",_\

DSW

'p ﬂi;&éﬂgﬂn; on tﬁe.rntioi ‘f the twy coipounds giving rise to the
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single GLC peak,

10.
11,
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