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possible chlorine pesitions) were studied as eérly as 1€81 (1)
and by 1930 (2) were in wide use, They sre kncwn to be quite
. toxic, especially to liver cells. As early as 1935, Jenes and
Alden (3) repeorted that pen erdloryed in the preducticn of ICs's
developed acne-type siin eruntions. Three years later, Greentuog
and covotters (&) reported that FCB's and polychlorinzted nupt~
thalenes vure ;05posible for the deaths of thyce workers,

Fesidue chenists, cspeci%lly in Europe, bhave renently becciiz
interested in these TCh's as well as the polychlerinated triphen-

yls, nazphthalencs, terpenes, and other related coupounds, since
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Jensen (5) in Sweden Teported their presence in wildlife ticsues
about two years ago. '

?hc PCE's and relatced coimpounds (although in the rest ¢f this
papev reference will be imade to the TCB's only, the other related
cospounds ave also quite important) have very muierous and irpor-
tant inQuerial uses, but are not used as pcesticides. Boéagsc of
their similarities in structure znd properties to the DOT pesti-
cide group, the PCB's, if present, are carried through the uvsual
pesticide extraction and screcn&rg procedures, and since they
possess elcectron absorbing properties, will fnterfere with gas
liquid chronmategraphic cleécron cepture (CLC-EC) analysis of the

organochlorine compouncs,

Beforc any discussion of the type of interference encouvitorad
H

.

‘4t would be anpropriate to mentica beielly son: ¢f the orapronian
I b J 3 ]

and uses of the PCB's,

They are produced znd marreted uader a nunber of cemerciel
trade names e,g. 'Aroclor', 'Clophen A50°, ete. The ICB’c are
available =zs liquids, resing, or colids; insoluble in water;
thernoplastic; non~drying{ stable on long Lieating at 150°C.;
electrically non-conducting; not af{fected by boliling with NaCH
soluticn; do not suppbrt corbusticn when alone above 360‘;.; are
easily soludle iq most cormon prgenic solvents and d&rying olls,

They are used in protective coatings, as plastici%ers ard
extendcr;, as seélers in water~proofing cocpounds and putty, in

asphaltic materials, printing inks, waxes, and synthetic
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2%

adhesives, . .

liquid FCB's arc used as dielectyics, 2s bydraulic {luids, in
thormoiteats, in cutling oll:, as extveac pressure lubricants, as
grinding {luids, and as hecat transfer nmedia.

Solid FPCB's ave used to lupregnate carbon resisto;s, as
scalers or impregnating agents for elecctrieal apparatus, ‘

Obviously, the stability of theia ceipounds nakes thoem ex-
tremely yseful and versatile for a great nwenber of applications,

Counsiderinf, their stability -~ not affected by boiling with Moo

r

or ritvic acid, not petebolized in livivg organisrms, and nornllan-
talle if containing more thaa four chio:ine grovps, it {s as
Jensen (€} pointed out, difficult to explain how these cospaunds
find theis way into living orpuanisme,

However, with the nunervis apilicatiocns, it is uot incon-
ceivable that firsh and other wildlife could be poiluted as a

resuit of the flushing of wastes into rivers, lekes, etc. It is

a

‘also possible that contahination could procced via the atrosphore

- 5 . e
whein wastes ceittaining these compounds are booat,
N

Howwever, a third and AOFQ 1ikely source is the possibllity
that some ccaupanies might be wsing PCB's in pesticide formula-
tion to increasce the kill-1ife of insccticides. The Yonsanto
Company, which pmanufacturcs the Avoclors, stated back in 1945 (7)
that the Arcclors can “trap” and hold moxre vqlatilc ingrecicnte

making volatile insccticides and repellents last longaer in resi-

duzl activity, The most pronounced elfect for increasing tha
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kili-life of insccticides was obtained with Yindane, chlordane,

and benzenc Lhoxachieride (BUHC), A ten-feld effectiveness for

lindene wes roeported by the U.S.D.A. by including 5-25% IPCB's in

the forimulation. Attezpts to determine whether this idea had

been pul into practice by sowe companias have so far been unzuc-

cessful,  Ret there is no drclt that, 3f the ICB's ave being uscd

-
in pesticide formolation, then this would certainly explain their

proseace in wildlife tissucs and other sasples,

1
-

Jensen (¢) has used a npitration

entiate the FOB's (rom the pesticide recidues,

i

cleerncd-up extract with a wixtuere of

centrated H?SOQ (1:1) for 5 min. at

procedure in order to difico-

He treatod the

concentragnd HSOB and can-

0°C.

Aftser the addicion of

cruzhed ice, he extracted the reacticen ixture with hoxane and

reinjected the c«tract. He states that
ICH's, lindane, and BHC unalfeccted, Our atternts to reopeat this

rerction have not been fully successful. There appeats to b

thia method

sheald Yeove

some loss of the more volatile (early cucrging) PUR's, heptachiov

epoxide is not affccted, and peaks with longer recteation tinecs

appear.

Although Jenscn did not elzborete as to the fate cf the pes-

ticides, we have demonstrated that appavently, nitration does

occur. This was shown for DDT when a large peak (provadbly due to

the tetranitro derivative) appeared on the chromatogram about 2

hours after injection of the nitrated extract,

Of course, this reaction is a modificaticn of the old

X1
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$chnchtnr—ﬂallcr (8) DT method in whicﬁ rore drastic cenditions
(funing HNO3 and ccncentrated UZSO“ with haating on stean bath)
were used to ensure oxidaticen and yrenoval of interfering biolog-
ical materials. The nitruted pesticides wore extracted with ether
nAd a colorimetric method was weed in the final determinative
step.

Erre et al. used this techuigue to detarnine toxaphene in
the prezonce of DU, on the basis that the chromatogrejphic pattern
of toxaphmie is not affected by nitration while the nitrated DLT
doce ot chromatograph under the specified cenditions,

Obviuuﬁly, nitratien does not apﬁc:r to be the answer fov
compler pintures of pesticides and TOB's since swae pesticides
(lindun2, FHC, toxaplene, 'Strobane', elc,) appaveatly vill act
nitrate while somc of the FCh's might nitrate. Although we huve
nol usad Jensen's column packing (the liquid phase S¥-96 is a
merhyl silicone), it is impossible to avoid compication and in-
tevfcerence from the nitro Zerivatives fornad, csp;cinlly whzn the

pesticides are present in large aricunts.,
.There are three main reasons why we prefev an approach dif-
- ferent from Jensen'st.

1. It is preferable to scparate the two groups ralhcr than

destroying one, especially when it is the pesticides that are

.

beinp destroyed. .

2. The nitvation approach tends to complicate the inter-

pretation of the chromatograms, since the nitro derivatives

132

DSwW 030060

STLCOPCB4014022



possess greater electron abscerhing power and with their longer

retention tines, should enmerge and interfere with subscquent
injections. ‘ ‘ .

3. ¥e have been ureble to tepezat Jensen's ciezv-cuy dif-
vy . " ferentiation, apparently partly because of the nitration of sorme
of the FCB's, |

Interference of FCR's

We have 2ttermpted a more ideal opproach to differentiate the
two groups by sepavation followed Ly the scparate analysis of
each group,

The GLC work was cavried out vnder the following conditiers:

Gas Chreizatercaphs Viarian Model 1200, fitted with tritiw.-

b %21 S oy

N
’ clectron capture dotcctor; colwnn, giess, spiral, €' x i/:" o.0,,

packed with 65 QF-1 and 4% SE-20 on Cicorosorb W (W), Yo. of

theorctical piates for DDT = 2227,

n
-t
[}
N

Operating Conditicns: Colusn tespercture 192°C.; inje

temperature 245°C,; detector (basge) teoperature 240°C,; Nz‘flox
rate, appreximately 40 mt,.7oin.; volume injected, Sal. Pecorder:

Vgrian Aerograph Medel 20, 1 mV, full ecale deflection. Chart
speeds 2/3" per min.
Fig. 1 indicztes the degres of separation of € posticides

toz

L

. o in a Sstandard mixture. The cexcellent sepavation obtzine
,J

DDE and dieldrin in. this. column which was first used by Mclully

) and McKinley (10) should be noted,
' . 3
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Figure 2 shows the numbeor of peaks and the separation ob-
toined for a sample of ICB's ("Aroclor' 1254) while Figure 3
denonstrates the degree of. interference encountered vhen the
pesticides are nixed wiﬁh the ICD's,

It is interesting fo note that the peaks of the commonly
found pesticides all have a correspending PCE peak that would
interfers if present in the same extract. This is in zgreenment
with Jensea's work,

Scpevaticn of ¥CR's [ron Pesticides by the Use of Flericil

Rith thin layer chreiratoprasty (TLS) it was odserved thet
the PCB'e (*lroclor’ 1255 nended e nun townrd:s the solvent

fyont o: the TL plates. PBReasing thiz in mingd and the ozt thas

our cleantup procedvres for pesticide residues
usually invelve a final Flevisil step, we exporinented to se2 17
the PCL's could be eluted from the Florisil colwm with n-hioxane
knowing th:t most of the pesticidés cre not eluted under thace
speeific cenditions, .
N

Four preliminory cxp&riménts were carried ovt to test the
feasibility of Lhis.scpncation on Florisil, In Expt. I, > rl.
of standaryd PCB prepira:ion was addced to the glazs colunn (30 en.
% 2.5 ¢r. 0.D.) packed with 49 nl. (ca. 19 gm, or 10 cm, in
heipht) Florisil (60-102 mech, Fleridin Co., stored at 130°C.
until ready for use) and'topped witl an 1/2" layer of anhy;rous
Nazsuh. Elution was carriéd oul with 100 1, n-hexane, and lhe

percentaga recoverios were deteriined. This experimest was
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repcated but the elution was effedred with 200 ml, hexane (Expt.

11y,

The same experiments were carried out with the steondard pro-

ticide mixture eluting with 100 (Expt, 1II) and 200 ml, (Expt. IV)

hexane vespectively,

FCE prak | Expt, 1 Tixpt. 11 rrectieice(URIEUTITT Bepe, 1V |
ESL_QEL22€JOO T hex 1200 = 113ﬂ~ 1eak 1100 nl haal?io rlonow
: 2
1 £0.1 32.2 iLindxnc Lone I Nome i
2 86.7 102.1 ‘prlachlor hone €2.7 ]
3 65,6 102.0 Alcdrin 62.5 Su,1 !
4 98,2 101.0 !Hep;. epuK. Xene Youe |
5 42,1 100.0 RileL 1 20,5 97.5
6 44,9 ;o 98,7 1Dieldrin Nong tone
7 €1.0 t 01,2 :nnn Nore tone
1 ©90.8 105.2 |P,u'~v:r Fore Hone H
9 ;o G0L4 105.8 : [
10 P 72.6 163, |
B! i 76.9 $).y
12 P52.2 160.0 ;
13 OLG0.0 1049.0 {

foa o7t 0 10640 :

I EN NU ! |

a. Focoviries are based on penk helight covparisons 2npd eavh
value represents the average of duplicate deternmincticons,.

b. Under the experimental condictions, 250 wl, of 207 exhxl
ether in hexzne §s usad poraaliy to elute the pasticidec
althicugh 200 %l, c3an quantitatively remove then.

The oxperincntal rerults which are shown in Table I {ndicace
that sepavatien on & Florisil colusn is feasiblz, Almost quanti-
tative removal of the FCE's is effected with 200 1), hexaene, vhile

TABRLE -f

Fercent recovery of PCb's and Yeslicides fren
Florisil columns by clution with hoxene (2>

. under the Same condgtians Quly three of the & pesticides trircd

o

shoved evidence of elution (heptachlor 92,7, aldrin 9%.1%, and

DDE 97.5%). It is intcresting to note that these threce pesti-
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-cides shouwing some elution frem Flurisil with hexane, are, like
the ICB's, quite mobile under our TLC cnnaditions.

Two further expérincnts were carried out to sce if the sep-
aration was scillieffcctive whon PCE's and pesticides wore mixed
{Expt. V) and when they were p}esnnt ip the extract fron an ani-‘
mal tissue (Expt. VI?. The first clution was rade with 260 ml.
hexane, the reeelver was chanazd; and the second e¢lution was
carried out with 250 nl. of 20% eihiyl ether in bexane to renove
the pesticides,

The vesults of thqvt;o experiments ate shown in Tadle II,
and confivm our ecarlier fiﬁding that with the-exceptic of DOY,
aldiin, and hepzachler, & clear-cui scperatica of the FC5's and
yesticidry cen Le made by tle vee of 2 Fiorinil eolvrs,

The [zet that DRT 1s €luted <ith the FIB's by puve hemeore
can be uscd to advartape in cthe coufirmation ard quantificationr
of LDT by d;hydrcch!ofina:ion. The estiratian of small oiiounts
of DPT in the presance of interferwuce (for example, a'YCB) is
erhanced if DDE is pxevious{y rereved,  The ThHE produred by dehy-
drochiorinatlon can then be uéad to estimaze the anount of DDT
originally present, In the prescnce of cosparatively large
amounts of DD , this 3pproach is noz very dependadle,

_The results of th2 ebove experiments couvpled with the work

of Jensen indicate that there are secrious problems ceafronting

residue analysts, licwever, as far as the writer is awvare, there

»
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TAPLFE 1I

Pecrcent Recoveries of FCR's and Testicides from a Mixture
after Scparation on Tlorisil (Expts, V & VI)¥

Fluted 510 200 ml, hoxane Vith 250 mi, J0. ether in hewane |
IC8 antfor . 4 7 Pesticide ' .
pest, poeck Rccov,(a> Rncov.(b) neak Hc:nv.(a) hccuv;531~_
Lindane 93.6 958.5
Heptachlor  92.7 98.1 Heptachlor Nene None
PCB1 104.0 101.7
FCB2 + AlaS 1021 96.6  Aldrin 1.3 4.0
rcR3 100.0 10¢.0
I'Clid 104.2 1G62.6 Hept, cpox. 95.4 102.2
rces + poES 97,8 102.4  ©bbE None Yone
PCRO 101.3 100.0
) Dieldrin 109.0 100,0
PCR7? 97.8 105.1
YCPR8 100.0 10G.0 bbh . 102.3 95.9
FCRY - 91.6 97.n
P50 104.,7 104.3 bNT 96.¢ 92.5
[0 2R 1G0.0 105.5
PCEL2 162.0 160.0
rCBl3 100.0 100.0
rCBla 96.2 100.0 - -J

% The peakes are arvanped in ovder of their escrpence (increas-
ing retention tire) fram the SLC colusn, and where 2 FCH
and & posticide peak sppear in Lhe same line (horlizontelly)
they have similar retention times. .

a, A standard mixture of TCH's and pesticides in pure hexane
was pleced on the Florisil column; first clutien was made
with 200 ml, hexane, receiver was changed, and the column
eluted with 250 nl, 20X ethyl cther in hexane,

b. Same as in (2) except that the ICB's and pesticides were
first nixed with an extrzct fron an aniral tissue which
was known to be essentially free of pesticides.

¢, Since a single peak was obtained, the recovery was calcu-
lated by a comparison of the peab height against that in

" the conbined standard mixture of PCH and pesticide. 1In
all othier cases the peazk heipht was compared to thut in
the standard injected sepavately.

13v
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-

has becn no positive confirmation of the presence of ICE's in

wildiife tissues by tuchniques other than chromatography, This

leaves doubts that the prescnce of the unidentified peals (UIP's)
is actually due to ICB's. There is the possibility that some or
all of the peaks are due to condensation products of the metabo-
lites of pesticides like DDT. TFor exarple, 4,4'~dichicrobvenzo-
phenene (BCB) . Cl / Q>¥-%-<?7—:§>Cl _ is known

: —/ 6 \=—=/
to bc a rotabolite of the LDT group.

The' presence of the keto provp makes it quite fezeible for
condcnsut{on to take place,

There arc at least two points thgt lend support to this pos-
sibility. .

1. The UTF's (Loing called PU6's) aze usually chsorvead
only whin large avounts of the DIT group are prasent,

2, Jénseu chneked ezple fezthers ceollected since 1230 and
first detected FCY (not confirvmcd) inanzaple from 1945, It
might te a colncidence, but this is approxinately the tine that
DDT usc caie into prurinence, It should be noted also that the
PCB's ware in wide use as early 3zs 1930 (2), Thus until positive
confirmalion (e.g. with mass spoctra) is obtaiped, there will
remain Some doubt that these UIT's are due to FCB's - especially
§f FCB's are not uged in pesticide formulations,

It is certainly true, hewever, that whether or not the UlP's

are TCH's their presence leads ta difficulties. The results

obtained for some samples eof fat reiently enalyzed {n cur lazhora-

110
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~tory are typical of Ehc problerm., The samﬁle contalining the
highest levels of residues contained the following pesticides in
pepem.: DDE - 1.42, dieldrin - 2,13, DOD - S.61, and p,p'-PoT -
2.60.

Even prior to subjection to TLC confirmetion, the DID value

appoared unusually high when it is considernd thet its

Lissues

is ugually accounted for by three main routes:

presence in

a) It is vsed es a pesiicide, but not extensively.
b) .IL is one of the metabolites of DT - hovever, the DUY—DDLE
pathuway 15 smuch nore prevaleat then PLY ~-2DDD, with the latter
usczlly occurting in the liver, hence the fat tissue is an uwnlike-
1y lceuticn for lavge wrounts of DDD, . ‘

‘-
¢} It is a froquent contaninuat of teehainel DT used i+ apray

prog;'ar‘n.s .

Whan confiraation of the pesticides was stteopted, the TLE
plates showed no DED, althougﬁ Ltre apparent anount present
should hafe given a distinct spot on the plate. However, a spot
vas observed rumning rneer the solvent front, a coustidoreblc dis~
tance from DUD. %hen this spot. was scraped of{ the TLC plate,
élutgd, and rcinjected int; the pacs chrométograph, a peax having
retention time identical to NBD was obscrved, Altﬁough this in-

terfering material has not been identified - it could Lo a PCB

since its retention time coincldes with one of the ICB's - it is

~obvious how casily one could report {alsc.resulrs, especially {f

use is made of the GLC-EC results without further confirmation.

a1
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TILC centindes to Le our main confirmatoryAmcthod, but-thcro
ave times, oupecially with spaller (Lut significent) asounts cof
boshicidas, when it is Lapossible t; meke a positive confirwetion
with this tcechinique alone.

The deternination of CLC retention times on two or rnioce stea-
tionary phaces is quite wseful in sone cases, but as Robinron (11
?
bas pointed ¢ut, it cannst be reparded as an indepondont paranz-
Iy ’
ter of identity since it ray be shown that varicus organochlorice
pesticides o different stationary phaees ore significantly cor-

1clated.

Rearing in mind these preblens and the difficulty of app!

~
i

ing infrarced, wioss spectra, and other spccirosconic netheds for

coufivmation of =52ll wmounts of posticide vesiduss, nore soitae-
¢is and 1eliaccee should be piven to chemical mordification ef the

pusticides an< reinjectien into the gas chromatograph, usiny tha
retention tires of the products 2s reans of coafirration,

With our SMI techzique (S = Separation of PCB's on Florifil,

M = Modification of tha postigide by chemical means, 1 = Injec-
tina of the extract contnin{na the product into the CLC apparatud
we have obsurved some cases where a single GLC peak indicating
one pesticide was in'f.ct a mixture coneisting of the pesticida
plus some other FCE-type unknown having the sane retcntion tinae,
Hith TLC as the solg ponfirmatori r-ethod, one could quantify the
whole as being due to the pesticide and be out by many factors
depending on the ratios of the two conpouﬁds giving rise to the
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single GLC peak.
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