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1. Introduction

Although there has been so much discussion on the pros and cons

of rlﬂdda use, lt would be unthinkable to start this review without

o the sy. The recent banning of DDT

by someo mntrks md the widesprend md increasing nnimulty to-

wards the uso of the organochlori in e due
to a number of factors including:

a) The large annual additions of the pesticides to the eaviron-
ment coupled with their apperent persistence.

b) Thelr known acute toxicities.

¢) Thelr wldaugrud distribution in biological materials and thelr
reported buildup in the food chalns.
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d) Theilr more recent tmplication in the d t of csloh
metabolism (Peaxass 1067, St nas 1067, Wiicn of ol 1960)
possibly causing the decreass in eggshell thickness and the

pulation decline of certain raptorial species of birds
?;Amn 1067, Hicxey and . ANDERSON m'rsf-m 1009).

©) Their adverse ellects on fish rep oduction ( Bunvicx et ol. 1004)

and high residue levels found i: Coho salmon in Lake Michi-

an in 1068,
f) &ruln “fears” involving cbroni toxicities and sublethal doses
with possible deleterious effccts on man and wildlife and the
ultimate survival of man.

The above factors are very compelli ig and certainly warrant man's
concern about the threat to his envirciunent and his very existence.
Neovertheless, one cannot deny that the ¢ pesticides have been impor-
tant in ensurll:g the supply of man’s © aidly increasing food require-
ment and in the protection of his heclth, as well as the saving of
millions of lives. Surely, this is a case w icre the benefit-risks equation
u well as the slteinatives to the orginochlorine pesticides should
» carcfully studied and evaluated to a -0id the possibility of getting
ato & worse predicament.

It was quite ironic when recently . large city publicised that,
secause of an impending ban on DDT, the garbage collector would
jick up separately all home garden spre.s and other materials which
ontained cven traces of DDT. The material that had been used
1y0re than generously and cherished for ¢ Imost 30 vears had suddenly
Lesome monstrous even in trace quantities. Wasn't there much greater
danger posed to the coll , children, and animals by such collec
tion than if the home supplies had been uliowed to run out gradually .
with no chance of replenishment?

In fact, the announced bans on DDT 3o far are generally not
tetal, and hence serve the same purpose as merely tightening the
control on the uses of such pesticides. In other words. when it is

y, and until ble and satisfactory replaccments are avail-
able, Umited and fudicious use will be made of these pesticides.

“Mith regard to the use of suhstitutes, cantion is cssential to avold

emature yse of any compounds. It is now known that potentiation
?:! antagonism) of toxicity s possible with certain combinations of
1|  pesticides and with combinations of pesticide and drugs or environ-
1] mestal chemicals (Dupois 1968). A compound might be falsly safe
i by itself yet harrhful in the presence of others.
| It is a fact that even if suitable substitutes were found and the
i | wuso of the organochlorine pesticides was banned completelv, a need
; would still exist for at least a number of years to bave reliable analyti-
1| oal methods for the determination of their residues. The present re-
| view discusses the status of organochlorine pesticide residue analysls
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: with particular reference to serious inaccuracies caused by the
"m“d‘“m ! ence of pol bipheayls (PCB's) in some samples. By the pre-
ﬂ;l eod the A hapomihwdubwwﬂahmw
uﬂwd bird E:ﬁdduthnthvabmputhhuu.pﬂﬂddomﬂmm
o 1909), drastically over the years. Zwmic (1963) pointed ocut
- s‘mddlﬂ() that about 1040, the life of an analytical chemist working in
. smlnhhw&l- the pesticide field was & relatively serene ons in which
bad %0 be familiar ouly with analytical methods for arsenic, lead,
tties and ou M&.ﬂrﬂhﬂu&dmm.mdnmnhm]u-bmm’un
- aad W.M“dm&. bl'ckD and other organochl ds were estimated
wildlif i hods (S o ol 1M5) which obviously did
:zdx;f information on the and ideatities of the
5 com t
:wmm' i , Todaylﬂmgx is much more complex, and in order
hvmdm ! mwpowﬂh!hempeﬁddubehghuoduo‘s.&ouehk,n
."“‘. M“P"‘ ; are coustantly being modified and impe de vari
.wlw“u”mm“ hwvmmmd ticides, new or old, dictate refine-
e risks oquition | ments in in order to differentiate and determine individual
benedt b ’ rosiducs.
m& P‘“dd: should ’ Be in mind the complexities mentioned above and the fact
el xporimta) i wrkows v the aiays,th svaebly of chevents
i ents) is to availe! of chromato-
_'r:fr publicised that, . E-phlcuelwguawhlchdordup-y'& o numbes of pound
I‘.numl ““Hl Y| & wmixture has made the multi-resid ing approach' (U. 8.
cial thot had boen used | "’#‘”ﬁ&a“?‘ ool (L) weptration wih sioctron
;;::;'Y“"I:"uh'“m onpumfi'.C) detection is presently the most popular analytical coor-
4 by such ! mm;w&m hh'lv;n’ GI.C' erally lnvolves &
saimals collec- vol
swed to run out gradually - ‘ dl’""'?‘ it ' genertly ve orn-
0 for are generally mot | a) Sampling to procure a representative aliquot of the sample.
w morely tightentng the | b) Kw&oﬂhe xuldn:Pwm-nolvent usually or Plum
other words, when it Is | mdtboorpnoddorhu(och)mdmyd organo-
%y replacements are avail- | \ tes (OF's) are fat soluble).
uh<dkﬁatp=ﬂdt:ﬁ | 0) up of the extract to remove Interf materials such as
vim bl o S P
' MM : ‘ )Anly-:wol wp estract, gemenlly by GLC-EC ‘
ide oo drugs or eovicon- | | | ¢) Confiemation of the pésticide ideatity. |
wed might be fakly sefe ° ) Confivlation o ho plticids Viomy ‘
" ' F Cartainly thero are & great number of variations in carrying out !
mmn’:a , these steps, dopending on the nature of the pesticide and its substrate, '
an v" ] O —————— ‘
ws to bave n-'uan ‘Rditor’s mote: See Bumxx, J. A: Devalopment of the Food end Drug Ad- !
’ minbstyation’s mothod of snalysls for multiple residues of organochlorine
""“"'W‘,‘ a‘,-m':"'“mh"“ Wy oo o T v Rt it P }
' I
!
!
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the limit of detectability required, s0d the lat y stalf and equip-
men® available. It is beyon‘a the scope of this reviow to discuss any
: of these methods in detail. Furthenn.re, Gunnuen (1062) and Saacom,
and Hopczs (1967) have reviewed “his topic adequately. Accordingly,
this review will deal mainly with problems involving PCB's and re-
lated compounds. No attempt will Lo made to review gas chromatog.
raphy for pesticide residue analysis, Buaxe (1965) hns discussed some
actical aspects of this topic, while T i1oxtPsoN et ol. (1969 and 1060 s)
ve cvaluatod different gas ch hic col for chlorinated
K ticides,
. ’ Before discussing tho PCB's and their interference with pesticide
. residue analysis, some* key referendes in the English language on
3 . vsi‘d\ﬁe mothodology are appropriat. These are listed alphabetically
as follows:

(St ¥

| L. Advances in pest control resemrch, vols. 1-8. New York: Inter-
! 2 % guide ta the andlyis of pesticid by gas ch phy, 2ad
ide to the analysis of pesticides omatography,

i ed[‘;. T. Preston, ]r.y'Evlnsllc’;en, I Polysé‘:nce (lm{ Y

, 3, Analysis of insecticides and acaiicides, Gunther and Blinn. New

: York-London: Interscience (195! ).

4 ! €. Analytical methods for pesticides, plant growth regulators and food

: additives, vols. I-V, Zwcig. Nev' York: Academic Press (1083).

5. Guide to the analysis of pesticids residues, vols. ) and £, Burch-
ficid and Jolinson. U. S. Public Health Service, Ofoe of Pesticides,

i Wachingion, D. C. (1535).

6. Manual of methods for the determination of residues of Shell

| pesticides, Shell Chamical Compory, Agricultural Chemicals Divi-

! sion, New York (1960).

! 7. Official methods of analysis, Association of Official Analytical

|

Chemists, 10th cd. Washington, D. C. (1965).
8. Pesticide analytical manual, vols. 1 and i, U. S. Department of
Health, Education, ond Welfars, Food and Drug Administration,
- Washington, D. C. (1968).
9. Pesticide residue analysis handbook, Bonelli. Wilkine Instrument
and Research, Inc., Walnut Creck, Calif. (1665).
: 10. Residue Reviews, vols. 1-34. Gunther, New York: Springer-Vealag
' (1962 ¢ seq.)

: It should be emphasized that these ref were all written prior to
i the knowledge that there was a possibility of PCB interference with

! ; S Editor's note: There are 2ow more then U5 books concerned with pesticide
. residues including 60 that discuss analytical methodology in some respects: eight
. oountries aro reprusented bz the suthors, Guntitn, F. A.: Pesticide residuss i
1 i the total Reliable detecti o igation, and
m)wuml aod wurvelllance programs. Pure and Applied Chem. B,
1 : .
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' l $inid. x) -‘1 .,n’ 1 'h p . dmuh
these relerences can be modiBed o cope with PCB Interference.

IL Presence of PCBs in the snvironment

Following tho development of the EC detectors and their use
with GLC, most residue chemists have observed unidentified peaks
on their gas chromatograms. Generally, there was no specific pattern

_ to these peaks, but analysts conceraed with pesticide residues in wild-

life, especially in Europe (Rosut: 1965, Harmson 1966, Hovoe and
Mansoen 1068), somctimes observ.d a purticular scries (with as many
as ten or more peaks) of the uni Imm%ed peaks in their sample ex-
tracts: The mateiials giving risc to these unidentified res

occurred most frequently and in the largest proportions in extracts

* from aquatic raptorial specics of L rds and fishes. The general supposi-

ton was that these responses were from condensation products of
the metabolites of the organochlor ne pesticides, sincs they were gen-
enally observed when large amous ts of pesticides were also t

re
" Rovunv (1965) reported them to ne organochlorine wmpoun'és with

£y

1

fairly high chlorine contents, whic1 no doubt accounts for their high
sensitivities to the EC deteclor. Jowever, Jensen (1968) was tgo
first to state that these unidentifiec peaks corresponded to PCB com-
pounds, based on the analysis of a number of pike samples, an cagle,
and human hair. Initially, the GLC and thin-layer chromatographic
{TLC) patterne and chemical inertnoss were used to identify the
unidentified peaks as PCB’s (Jexsey and Wmaiank 1967).

Other workers in Great Britain (FloLyes et al. 1967, Howoen and
Mansoen 1967) and the Netherland's (Koznan et al. 1967) also made
early seports on the presence of PCB's in their fish and wildlife
samples.

t the Organisation for Econorric C ion and Develop
{OECD) Conference on “The Unintended Occurrence of Pesticides
in the Envi ,” held in Scotland in September, 1967, the Euro-

an chemists in particular showed much garding the pres-
eace of PCB in thelr wildlife samples and the possibility of inter-
ference with their organochlorine pesticide resid lysi to
that time, there had been no rcport on the occurrence of t){cse mate-

rials in North Amh;:mn per. ¥ . indn D . 1067,
report: on brganochlorine pesticides in seals and porpoises, HoLozn
nndung?"“n i f the ts of PCB-type

parison 0f

materials fopnd in Scottish and Canadian samples. They reported
that the levels of these non-hydrolysable materials were generally
much Jower in the Canadian specimens. Since that time RisesroucH
ot al. (1068) have reported that the PCB's are widely dispersed in
the global ebosystem, while RevNorps (1963, 1960, and 1908 a) has
fi them In some Canadian wildlife sampl
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Positive confirmation of the PCB's by gas chromatography-mass
l%nometry (GC-MS) has nov becn nfor(ed in Sweden (\Vwacans
1967), the Nether] (KoEMAN ot ol 1069), and in the United
States {Reicur 1968).

0L PCB oterf with pesticide residue analysis

The polychlorobiphenyls (% indicates the possible chlorine posi-
tons) and related {, d: (polychlori ted tripbeayls, nl:;‘h-

x \hnfenec, terpenes, etc.) bave nu-
merous important industria) uses but
x X are not used as pesticides. Because
f their similarities in structure and
propertics to the DDT pesticide
group, tho PCB's—-if p in 1 sub are carried through the
wual pesticide extraction and s reening procedures, and since thev
posscss clectron absorbing prop rties, will interfere with GLC-EC
analysis of organochlorine as well as & number of the organophos-
phorus pesticides (Reynoros 196t b). :

The reporied GLC patterns indicating PCB interfczences have
) shown marked resemblances wila ‘Aroclor 1234 and 1280 (Jussux

and \Wiwstanx 1967, Hounsies ef ol 1967, Ruvvorps 1965 and 1968,
} and Kornan ef al 1969). This type of intcrlerence with pesticide
residur mnalysis is d trated wiih w stundard mixture ol organo-
chlorine pesticides and a commercial PCB mixture (Aroclor 1254)
' in the chromatograms of Figure . The results confirm that the pres.
' ence of PCB's In the sample cxtracts will cause interference with
pesticide residue uml{sh under these or similar operating conditions.

It should be emphasized that throughout this review when the
term "PCB” is used, this includes the polychlorobiphen:’s and also
the other closely related compour ds mentioned above. However, the
polychiorobiphenyls are the most important from the point of view
of Interference with pesticide residue analysis. Under the GLC operat-
ing conditions, the chlorinated polyphenyls and other related com-
: pounds with molecular weights greater than the chlorinated biphenyls
i will generally not be separated and observed on the gas chromato-
| grams. Modification of the operating parameters such as higher col-
| umn temperatures or changes in the liquid stationary phases are usu-
. ally necessary to detect the dprcsence of such compounds.

It must be borne in mind that when high molecular weight com-
pounds are present, their peaks can appear on subsequent chromato-
grams and cause “secondary interference.” This occurrence can be
recognised easily b{ the early emergence of unusually broad interfer-
ing peaks on the chromatog dary interference” is a term
ImJ by the author to imply that the interfering peak does not have

x X

B
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“ ! the same retention time as that of the compound of interest under
Y. i the same operating conditions. ~he lnterferln? peak often originates
4 from a previous injection and ca.wot be slme repeated. Of course,
~if the elution time {s very long, the peak might be broad enough
. " to escape detection and in such & case would not intesfere. In contrast
g | 1]
s : EEAN , . A
» !
L } .
- ] )
| i N
_— Ty
RN .
SR ; H
o H
.
" ! '
o c
l. !
Ed ' "
i :
. : : SRR AR RRRANRNN]
M . (] % »
S '
. ! Fig. 1. PCB interference with organoct lorine pesticide residue analysls oa four
o ! b nt SE-30/six percent QF-1 on 60/80 mesh Chromosord W, 4 X 6°
e i m&uo column. Chromatogram A: dard mixture of hi
[ icides; 5-.& zumbers: 1 = 0.08 ng, of bndane, = 0.10 ng. of
te n;-ehlw. = 0.10 ng. of aldrin, 4 = 0.14 ng. of beptac]
D 8 ~ 0.30 ag. of DDE, 6 = 020 ng. of dieldria, 7 ~ 0.30 ng. of DDD,
A and 8 = 050 ng. of DDT. Chromatogram B: § ag. of Aroclor 1254 (the
" j 14 ms) s are numbered 1 to XIV), Chromatogram C: combine-
. tiow hlor) dard pesticide mixture and Aroclor
. _I ‘ ! . 1854, Injector 250°C., column 200°C., detector base 850°C., N, at 30-
; ! © %0 co/minute :
[IRTS i »
. . N H . 1
{ ~ B to this of Interference, matcrials which have identical retention
P » + times will ¢ause “primary interference” which is easily repeated by
Vi | reinfection of the cxtract. With this form of interference a single,
H | fectl %
o ! sharp peak is obtained, and in the absence of confirmatory and other
™ ! Yy , misinterp! can occur easily. PCB-type
b ¢ ne Ibterference Talls mainly in this group.
¢
$
- i Co
{
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i ’ *©IV. Uses and proper.ies on PCB's ) '

In order to understand how it is pssible for PCB's to be presen

in wildlife and cause interf: with pesticide residue ysis, it

{s mecessary to give a brief description of some of their properties and

; uses. The PCB's are produced and ma keted under » number of com-

: mercia! trade names, e.g, ‘Aroclor,” ‘Ciophen,” and ‘Phenochlor.” Koe-

MAN ot al. (1969) reported marked bl between Arock

1260, Clophen A80, and Phenochlor L P8, The ‘Aroclor’ plasticizers, a

scries of chlorinated biphenyls and chlc:inated polyphenyls, are typical

. of these compounds. As stated by he manuiacturers (Monsanto .

| Co. 1967), the ‘Aroclor compounds are among the most versatile
hemically produced ials availatie. They vary from mobile, oily

liquids to white crystals and hard tran. parent resins. They are non-oxi-

i dizing, incst, permanently thermoplstic, of low volatility, non.

! corrosive to me{ds. ‘Ins‘olublo in water, and resistant to alkalies, aclds,

and The , more highly chlorinated liquid
and resin members do not support combustion and they impart fire
d to other ials. The c ystalline ‘Aroclor’ compounds
i are relatively -insoluble but the liquic and resinous compounds are
soluble in most of the common organic .olvents, thinners, and oils.
These compounds are used in protctive coatings, as placticizers
and extenders, as sealers in water-praofing compounds and putty,
in :srxumc materials, printing inks, waxes, and synthetic adhesives.
Liquid PCB’s are used as diclectrics, us h)'dmulic fuids, in thermo-
it stats, in cutting'oils, as ext lubricants, as grinding 8uids,
‘ and as heat transfer medis. Solid PCB's are used to impregnate carbon
sesistors and as sealers in Impregnating -gcenh for electrical apparatus.
; The properties of many products can be varicd and improved by
the use of these compounds either as primary or sccondary plasticizers.
| Further details concerning the different “Aroclor’ series, the grads-
: tion of their properties, and the P ible appl can
’; be found in the r ‘s technical Nope (Y) to Co.
|
|

1967). In the system of designation for the ‘Aroclors, the Srst two
digits indicata the of material, while the last two digits give
the approximate welght percentage of chlorine in the product. For
: example, *Aroclor’ 1254 indicates a chlorinated bipheny! with approxi-
. mately 54 percent chlorine, while ‘Aroclor’ 5460 indicates a chlosinated
! triphenyl containing about 60 percent chiorine.

. 1
V. Possible modes of entry of PCB's into the ecosystem

i The means by which PCB's enter the ocosystem to contaminate
fish and wildlife are still not clearly und There ase b 3

- vrerw e o e e s v wene
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four most likely pathways by wh ch PCB's enter fish and wildlife:

a) Because of their Inecti css and versatility and consequent
numerous applications, i: is quite conceivable that PCBs
could be fluslied as was es into rivers, lakes, etc. to pollute
fish and other wildlife.

b) There is a possibility the: some ination could p d
. via the atmosphere wher wastes ining these d

L] L g

are burnt.
©) Although it is unlikely, .ome type of Ullman reaction with

condcnsation of aromati halides with the aid of metallic
agents such as copper to give rise to the formation of biaryls,
cannot be completely rul-d out, -

" d) Lastly, but not nccessarly the least likely, there is the possi-
bility that some companic s are using PCB's in some insecticide
formulations to increase tae kill-life.

The idea of increasing the r sidual persistence of insecticides has
been invostigated for some tine and a brief résumé on the more
important background work is in order.

The early investigations by LanvQuist ot ol. (1945) and Brocex
(1043 indicated that the resivlual effectiveness of DDT was
longed when the DDT was apolicd in resins and paints. van Tize
(1952) continued along these lics when he increased both the effec-
tive poricd and the toxicity of a DDT deposit ca a glass surface
by the addition of a small amount of cournarone resin to a DDT
dolution in kerosene. Subscqueitly, emphasis was placed on work
involving the more volatile insecticides like lindane—a very effective
pesticide but one which soon loscs its activity because of volatilization.

SuLLvan and Horvstmn (1853) in their experiments with the
Amerfoan cockroach, Periplaneta americana, found that lindane resi-
due semained toxic longer when it was pounded with ‘Aroclor’
5460, Th. mgﬁted that the chlorinated polyphenyl prevents erystal-
lization of the lindane and Jowers the vapor pressure of the lindane
in the mixture, thereby preventing unsightly residucs on surfaces as
well as extending the effcctive kill-life of the insecticide. Teao of
al. (1853) obtained similar results against house fics, Musca domes-
tica : Continuing this work, Horxstew and Surtivan (1053) con-
frmed these Bndings and described a general method for prolongin,
the residual effectiveness of volatile insecticides. The melhos 5
of preparing conc d solutions of the pesticides in the 8lm-forn-
l%.wgshfom“ed polyphenyls. A Monsanto Co. Technical Bul-

) states that becsuse “‘Aroclors’ in formulations ‘trap’ and
bold more volatile ingredients, they make volatile insecticides and
ts ‘last longer’ in residual activity.”

Attempts to determine whether this idea had been put into practice
have 30 far boen unsuccessful. However, if the PCB's are being used

consiste
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in pesticide formulation, then this coupled with the numerous other
uses suggested in & later Mons wo Co. Bulletin (1967), might cer-
taioly explain their presenpe in wildlife tissues and other samples.

’A&o ant obvious b;r: for clarification o the sources of PCP’s
in.Bsh and wildlife, and this could probably be accomplished using
tracer techniques.

V1. Toxic ty of PCB’s

R Tho PCB's were studied as caly as 1851 {Sconuwr and Scuvntz)

_and were in wide use by 1830 (PrwNinc 18:0). Later Jovzs and
Awex (1638) ted that the ds were toxic, Gaeanaonc'

o ol (1939) ttpgrtcd that PCB and polvehlerinated naphthalenes

usedfthe deaths of three worke:s. Men emploved in the production
3(! usfl bf PCB's developed acnc- vpe skin crupzons (Sauwantz and
BAnLow 1942, Scinwartz and Pecr 1813, Scuwartz 1943).

Musen (1914) reported that CB's caused sathological changes
in |aboratory animals. Browx (18:7) wamed about the toxicity dan-

. of the ‘Aroclors’ when there was a sugge<zon that one of the
‘Aroclors’ be used as the melting point, bath lir:.id in preference to
- the customary sulfuric acid. Later. McLavorwiy t al. (1963) found
« it Aroclor 1242, besides being toxic. produced temtogenic eflects
th chick embryos at lower dosage levels. Risrxroucn et ol (1968)
reiterated that PCB's along with othe civeina =3 blocides, such as
DDT, tould account for a large part of the ation in calcium
i metabdlism that has been observec fn many species since tho second
world ‘war. With high dosage of PCB's, hydropericards have been
,oluen-ed in quails (Koetax et al. 1969).

It has been stated (Aonsanto Co. 1967} thit at ordinary tem-
poratures the ‘Aroclor’ chlorinated polyphenyls ¢: not present indus-
trial-toxicological problems. However, caution was idvised in handlin
' ‘materibls. The hazard of potential toxic e<posure varies wi

e volatility of the compounds: the lower chlorizated, more volatile
‘ones present more of a potcntial problem frox " the standpoint of
halation and skin contact. At elevated te=.peratures, the use

of PCB’s requires very effective and efficient exhaust ventilation

- systems.
TRE .ysg'.:u a4 been stated by the manufacturers t. 1t “tests on animals

! indicate that the maximum safc concentration of v:por is in the range
of fiom 0.5 to 1.0 milligram of the lower chiorina:ed ‘Aroclor’ plasti-
clzeiy per cubic meter of air. The threshold limits (maximum allow-
sble concentration for an 8-hour working dav) set by the American

1 ice of Cwa'rnmmt Hygienists are 1.0 mil:cram of the lower

ot orinated “Aroclor’ compounds per cublc meter ¢ air and 0.5 milli-

m of the more highly chlorinat ¢:. such as “Aroclor’

bic meter of air.”
. ! .gj‘c“l ‘I{n
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Ioe ] However, as Rusesrovci ef al. (1968) pointed out, only relatively
i small amounts of chlorinated hydroc irbons are requirod to cause en-
. ! gyme-induced breakdown of steroids, thus mnm irrelevant much
' ofb!he p-p-m. approach to poll logy based on toxicity data
" ’ alone,
¢ : There is no doubt that further . esearch in this area is urgently
g dod
. VIL Analysis of pesticide residi es in the presence of PCB’s
ol b PCB's are of interest to analysts for three main reasons:
”f . ) The compounds arc toxc.
e . bg They are widely distributed 1 nd their uses are lncreaslni.
] b ©) They interfere with GLC dotenminations of organochlorine
' H and organophosphorus pustici:'e residues.
.8 b The Brst two reasons havo been dealt with carlier and therefore
lus I need no further claboration. Accor ingly most of the reinainder of
t the = this review will be concerned with he analysis of pesticide residucs
v to ; tn the presence of PCB's. Also the present methods of estimating
und ; . the amounts of PCB's will be discusse d.
fols ‘ As mentioned earlicr, it was emplasized at the 1967 OECD confer-
3) ! ence that PCB's were in fact being detected in Bsh and wildlife,
has i _especially in Europe. The confercor e among other things served to
um i alert other chemists and scicntists to the problems of PCB's and their
~ond 1 interference with pesticide residuc enalysis. Since the discovery that
. been i PCB’s arc contaminating fish and wildlife and that they interfere
: with organochlorine pesticide analvsis, very litile has been published
* tem. f on how to cope with these Interferences and how to differentiate
idus- ! tho PCB's from pesticides. Based on preliminary work, Jensen and
itiny i Wmomank (1967) suggested a nitration technique based on the fnert-
» wit ness of the PCB’s conipared to the relativelv casier nitration of the
whtile ' . gcaticides. Rusesnovc et al. (1068) reported the use of this method,
ot of | * but RevnoLps (1969 b) pointed out that nitration is not a suitable
the use ; approach sinceisome pesticides (lind, toxy Strobane, etc.)
tlation ! apparently will not nitrate, while some of the PCB's appeared to
| . be nitrated under the lntzgcslcd conditions. In addition, there is the
imals } N ¢ problem of further complication from the interference of the nitrode-
¢ rangé rivatives formed, especially when the DDT-group pesticides are
o plasti- \ present in Jarge amounts.
+ allow- To avoid the above complications and at the same time facilitate
:“ﬂ‘“n } the chromatographic interpretations and afford a means of estimating
‘e lower ! the PCB's and pesticides independently, Revnoros (1968 b) intro-
05 mifl- i duced a Florisil separation scheme. KOEMAN et al. (1969) have also
‘Asoclor” : " repbrted a shinilar Florisil col hnique to sep the PCB's
| from the pésticides.
i ?
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In Revvowns’ method, the pa tially cleaned-up sample extract con-
taining the pesticides and PCE’. {s placed on a Florisil column and

~the PCB’s arc eluted Brst with n-hexane, followed by elution of the

pesticides with an ether-hexanc mixture. Originally, this technique
was Intcnded to serve as the fli al cleanup step, as well as cﬂectnlel:f
separation of the PCB's from the pesticides. As will be explained,
the method has since been sligl tly modified (mintaturized) to serve
mainly as a separation technique Of the mm{ pesticides investigated,
only heptachlor, aldrin, and the YDT metabolite p.p-DDE are eluted
with the PCB’s. With the except on of p,p7-DDE, these do not present
difficult problems since chemical reactions (epoxidation, hydtog)roml-
nation, etc.) can be used to difi rentiate hcgtach\or and aldrin from
the PCB’s. Furthermore, thess two pesticides are more frequently
found as tho more stable gpoxy plOJIlcti which aro scparable from
tho PCB’s by this scheme.

p.p-DDE on the other hanl presents a more difficult problem
on account of its chemical incr ness, Its greater stability resembles
that of the PCB's, and the com} ound is not amenable to any simple
and tonyenicnt method of structure modification to give a product
which if'readily dctected within the usual GLC-EC operating param.
eters.

" Of course the fdeal situation would be a convenient addition of
oné mole of hvdrochloric acid o the p,p-RDE to form p,p-DDT
while the PCH’s are nat affected. This wonld ‘afford confirmation nnd
quantitative! estimation of p,’-LDE In the presence of PCB's. Gen-
erally under such circumstances it wonld not be necrssary to do an
additional Florisil separation. Thr: amount of p,p"-DDE present could
bo gptimated indirectly from the py-DDT produced since, as will
be discussed later, the pp-DDT 1 and p.p-DDD) can be separated
from the PCB's by the use of high!y polar liquid phascs. '

It ghou)d be e:{:hasiu-d that’ although p,p-DDD and pg-DD’
are mostly scparated by the polar phase col without introduci
;Forl:ﬂ separation the earlicr emerging pesticides are su r(mpo:ca

the PCB's and hence a seporation is necessary to identify and
to quaptifys these latter pesticides.

After the Florisil separations of PCB’s and pesticides are made,
the two el re ch tographed separatcly on the SE-30/QF-1
columin and Eunfpm—d with appropriate standards for quantitation.
This 1s nf ly followed by confirmation of the idcntities of the
pesticides. \

} VIII. Confirmation of pesticide identity

i
. N
. ‘ " ta the scparation of the PCB's and their elimination as
' ; ?l :Medarence. the non-specific pature of the EC detector
T '
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Polychlorobiphenyls %

makes it necessary to conSrm the ‘.entity of the pesticides by addi-
tiona! techniques.
The soquence usually followed by our laboratory is:

a) Injection of the pesticide eluate onto a more polar liquid phase
column (e.g., polyester such as DEGA or DECS(;. Typical

]

A

)
'
H .
.8
4
LLLLbLbbbbb bbbl ddaldaa it 2 ladatalals.
[1] 3

Fig. 8. Sep of PCB's and organochlort icides ¢ polar phase column
(6ve percent DEGS/two percent H,PO.). Chre=aogram A: standard
mixture of organochlorine pesticides with same ts as in Figure 1;
peak numbers: ) = heptachlor and aldrin, 2 ~ l..2ine, 3 = heplachlor

tde, 4 = DDE, 8 = dieldrin, 8 = DDT, 7 = DDD, Chromatogram
N ] ni of Aroclor 1854 (the 14 mujor peaks a:e numbered I to XIV
™ c vomn)tng‘un B of Figure 1, assuming tha: the Hdﬂ of tlujlb}

h ) + combinati N h

PN mﬂda,'mhfuu wnd Aroclor 1854, Other CLE parameters as In
re 1

, , separations of pesticides, PCB's, and » misture of the two
grouBs hre shown in Figure 2. The reversal of p,p-DDD and
p.¢/-DDT and their scparation from most of the PCB's is note-
worthy and quite uselul. One drawback is that peak No. 13

1 of Aroclor 1200 interferes partially with p.~-DDT, Other use-
ful information can be obtained by study of the retention times
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of individual icides  For ple, this approach affords
. . scparation of the three main BHC Liomers. The technique is
1 : "' .| espectally useful for r.ling out the presence of pesticides in.
_-ditated as possibly pre:znt by the SE-30/QF-1 column. How.
ever, the retention tim:s on two or moro stationary :hnm
cannot be r;s;rded a: indcpendent paramcters of identity
(Roemvson 1967).

b) Derivatization and use of characteristic GLC retention times
of the derivatives. As rported earlicr (Rryxoros 1000 a), our
] laboratory has increasin tlv utilized chemical reactions for con-
, frmations of pesticide residues b the ples to be
analysed are generally -mall and the amount of residue is ir-
sufficicnt to allow eficc (ve application of infrared, mass, and

e other spectroscopic met.iods.

The derivatization technigu s has been used by a number of work-
ers (Cunmien 1062, Kurmiv of 2l 1084, Hasrvexce of ol 1085, Sans
1967, Durry and Wong 1967, Csapcnux and WaNwLeas 1963, Cocrnane
and Cuavu 1868, Ciiav 1969, C 1av and Cocunaxe. 1909, Wrencke and
Busxe 1969) and is gaining § 1+ populurity. Success of the technique
usually depends on the specif ¢ derivative remaining lipophilic and
thercfore extractable with the organic solvent (usually hexanc) for
‘ direct analysis by the usual GLt :EC method.
A number of chemical reac fons is available, but two of the more
i broad-spcctium types that are quite wselui for the pesticides generally
found in wildlife are:

| "7 (1) Reaction with ethanoli. potassinm hydroside (mainly dehy-
|

N drochlosination) 1o gve producis with shorter retention

! times. This is eflective for DDT, DDD, and their isomers, as
well as o- and 4-BIC; the g-isomer is not affected.

i (il‘) Reaction with hvdrogen bromide/acetic anhvdride reagent

i to give L hydrin or 1 etoxy derivatives with longer

} retention times. This reaction hat been found uscful for hep-

. B + tasblor, aldrin, heptachlor cpoxide, dieldrin, and endrin.

| : : o) Thin-layer chromatography. In spite of cetain drawbacks with

1 ; TLC for confirmation of small amounts of pesticide residues

- (Revynowng 1969 a) the technique is still valuable for the con-
' ‘frmation of DDE. TLC cnn%e uite uscful also for some

v Ve group separation, as an ancillary cleanup tec}mlclnc. and for
\ | & iquantitative estimation of some pesticide resi

l [ IX. IdentiBcntion of PCB's in samples

blh btained by our Iaboratory in the course of work conducted
) {@: The Canadian Wildlife Scrvice have demonstrated that PCB's

.plrelent In some but not all species of Canadian wildlife. Undoubt-
Dt
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i 4 . edly the presence of PCB’s b s complicated the pesticide residue
U R methodology, but thie complication cannot be avoided if meaningful
S o ! | results. are.to be obtaincd. Since not all samples contain PCBs, it
How- : would be unwise to do a Florisil separation on all extracts before
Yaees having some {ndication whethier or not the separation is necessary.
untity ! Accordingly our Inboratory use: the h described bLelow.
' ! The sample to be analvsed s extracted, cleaned-up, and assayed
. times i using the SE-30/QF-1 colwminn. Jepending on the EC results, a deci-
)Y, our il sion is madc whether or not to make a Florisil separation and check
-t 000 i turther for the presence of PCIVs. This decision is based on the as-
.t be . sumption that if there are no apparent p.p*-DDD and p.p"-DDT peaks.
cig i ; then the presence of PCB's wold not be expected. The DDD-DDT
w5, and D combination is chosen as the citerion because peaks eight and ten,
Ly two of the larger peaks in Aroclr 1234 and 1260 have identical reten-
S fworke : tion times with p.p-DDD and «,p-DDT, respectively. Also, the PCB
'1‘:‘“ Y components giving rise to peals cight and ten are less likcly to be
.GIMN‘I Pl metabolized than the carlice et wrging compounds. Mence, if PCB's
gz and Dl (1251 or 1260 puttern) are present, peaks should show up giving
":.hnlqm B apparent p,p-DDD and pp*- DT values with the EC detection
Jilic and ! systen, N . .
wne) for i Other usclu! information regarding the presence of PCB's ean
! be obtained from the initial gas chromatography. If the GLC pattern
 the more ; {pricr to PCR separation o Flaric?V chawe hich “apparent”
: gencrally p.p-DDE with little or no py”-DDD and pp/-DDT present, then
all or most of the “apparcut” DDE is probably “true® DDE. This
is because peak five (the peak which interferes with p,p-DDE) in
-ty dehy- the common PCB commercial nixtures (Avoclor 1234 and 1260) is
* ictontion relatively small compared to the DDD- and DDT-interfering peaks -
omers, a8 (eight and ten) as shown in Figure 1. This rule has been borne
. out by TLC confirmation of DDE in & number of such cases.
'» teagent As mentioned above, the two most commonly found PCB Q{pel
- vith longer in wildlife samples resemble Aroclor 1254 and 1260. Although these
.+l for hep- two Aroclors are quite similar in many respects, certaln differences
- odrin, in their GLC patterns, as shown in Figure 3, can be used to identifv
backs with ene from the other. With a higher chlorine content, Aroclor 1260
l'e rosidues i . shows about 17 major peaks (SE-30/QF-1 column) compared to 14
. ' the con- with Aroclor 1254. Besides this. one other ohvious major difference
i o for some ! is the peak-height ratio of peaks ten and 13. This ratio has rough
4 f‘:-llnd for ' values of 9.3 and 1.0 for Aroclors 1254 and 1260, respectively.
e, ! v Additional information regarding the PCB mixture present in a
\ lo can be obtained by isons of other peak-height ratios
, of the PCB standards and the PCB's in the sample. However, it must
] ot be borne in mind that in practice one might be faced with complex
k conducted o mixtures of PCB's rather than a single, specific mixture. In such cases
d that PCB% an average value seems to he the best compromise. The method of
fe. Undoubt. timating PCB's described below attempts to take this into account.
S ——
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Although most of the early reports on the presence of PCB's in
) nm;lu indicated the Aroclor 1254 GLC pattern, more recent work
2 oesan ot al. (1069) and he suthor’s laboratory has indicated
at a proportion of the specitaens does contain the Aroclor 1260
GLC pattern. This apparent predominance ‘of the Aroclor 1254 type
might bave been due to its availability as a standard and lack of
the Aroclor 1260 type in the early developmental stages of PCB
niethodology. The GLC profiles of a number of ially availabi
PCB mixtures were determined using the SE-30/QF-1 column. These
arq shown in Figure 4 and indi ate that the more highly chlorinated

Fig. 3. Compariion of Aroclors 1254 and 12¢0. Clromatogram A: § og. of
Aroe!or 1854; the 14 major penks sre numbered 1 to XIV as in chroma-
am B of Figure 1. utogram B: 3 z:. of Aroclor 1260; the 17
mr peaks are pumbered 1 to NVII (the “ily peaks correspond to
those in Aroclor 1834). GLC parameters as tn Figure 1

biphenyls (Aroclors 1254 and 1260) are casily detected with the usual
ating gnmmﬂerl. On the other hand, the cc mpounds of the lower

lorinated mixtures (Aroclors 1221, 1232, and 1242) and the higher
molecular \vt-lfht mixtures (e.g, Aroclor 34€) are less responsive
and are, therefore, more likely to go undctected under normal operat-

.~ ing conditions. A&pareml.\', the lowered sensitiv:ty is duc to low chlo-
T, rine content in the Brst group and to high r-clecular weight with
" resultant long retention times In the second woup. In both cases,
hevefore, higher ation would be a rrerequisite to ensure

4 detection under normal conditions. This, as well as the possibility
of metabolism of the less highly chlorinated biphenyls (Koevtax et

.
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: ol 1808), might explain the genera abscnce or rarity of these com-
. : pounds in wildlife |

It must Dot be overiooked, there ‘ore, that in the presence of large
amounts of the lower chlorinated bhihenyls (e.g., Aroclors 1221, 1

A

oof
- ,
de 17 1
- 10 L
)
i . Minvtes
+ wsual i . 4. C Bles of th lar Aroclor mixtures und 1 analy-
ower i FIB 4 Gl Ediions. Note: ANk mumbers corrcrpond 1o hose of Aroclo
bigher i 1854. Chomatograms: A = § e of Aroclor 1331, B = 3 og. of Aroclos
wnsive ; ’ 1233,:C = B ng. of Aroclor 1242, D = 5 ng. of Aroclor 1254, E = § ng.
o I"l'"“' ! of Alw-ilol 1200, and F = B ng. of Aroclor $460. CLC parameters as in
Lok cltl:; : Figure
S0 il
1 casch, R and 1942) and negligible quantities of the higher chlorinated bi-
" ensure phenyls (e.g, Aroclors 1254 and 1260), different criteria would be
 wibllity # necessary to detect PCB interfcrence. To date, this condition has
CIvAN of ' not boe'n encountered in Canadian wildlife samples.

- .
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. As might bo expected from t' ¢ complex nature of the PCB mix-
! ., .tures and the chemical inertness of the individual compounds, the
! confirmation of identities of these materlals {s much more difBeult
b g the 1“ | rine pesticides. Thus, in the abseace of a
! I massls ez, confirmation.of the PCB’s is mainly by their GLC
; sctention times and patterns on the mixed and polar phase columns
' in conjunction with their non-reactivities with the two general reagents
i usod for the organochlorine pestic ides.

! dd'l‘he prior ;‘c%mtio:c:f the P JB’s dfd::)m tl'nhe or mﬁhbtn\e m

. es ni .50 in the identiBcation

} : PC”_'.W ”" TP cchnidup, g it

\ ' X. Estimat on of PCB's

f Since the PCB’s are themschvis toxic, attempts have been made
to estimate the amounts present a samples. It should, however, be
rccojniud that only rough estim ites can be made since purc stan-
dards of the individual compounds in the mixtures are to date unavail-
| able. The situati f bles th t of toxaph tbnation, but is
. of Igreater compiedity.
OEMAN et al, ?19&) based their PCB estimation on the peak
i mmoclor DP8 having r, (rclative retention time with dieldrin = 1
: ) r his operating conditions) equal to 145. Riseanovcu ef al.
| §  (1069) estimated the FCB's on the assumption that they have similar

i EC responses to p,p-DDE and applied a factor to £t the assumed

! 54 percent chlorine content of the PCR's. juxsen et al. (1909) re-
1 ! ported estimates as the sum of alt the PCB components.

! The authoi’s laboratory uscs a method very sinilar to Koznan's
with the ption that an ge based on two peaks is usually
i employed. Should the two values before averaging vary to any extent,
. additional estimations are made using other peaks, and all the results
are averaged. In the case of a few samples, the PCB level was ob-
tained by averaging results from all the major peaks in the mixture;

. however, the use of peaks eight and ten only has been found to
¥ : ﬁ:eqvuﬂ satisfactory results. Note that results are reported as
!

. g based on Aroclor 1254 or 1260 depending on the overall GLC
! , pattern. Pesls eight and ten were chosen because of their stability
4 A seo section on fdentification). In a later section the above points

» wre Wlusiated by analysis of rcsin powder taken from a fish hatchery
. trou,

» total PCB results obtained by the method described may
be dlghtlz'hlgher than the actual values because the early emerging
PCB pesks (mainly one, two, and three) are usually absent from

' the.chromatograms of sample extracts. However, this should not affect

" the overall results greatly since these peaks represent minor compo-

o ’ . nents in the mixtures. Furthermore. there might be compensation,
F S 1" ince no ttempt has been made to apply recovery corvection factors.
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The method of estimation dest ribed above appears to give & res-
sonable estimate of PCB contam nation based on commercial PCB
ixt For absol ent of PCB content it would be
y to prepare standards fir the individual PCB comp
aod, even If these were availalle, the determinations would be
complex and costly. Considering our present limited xnowledge of
total PCB toxicity and our cven - zeater jguorance about the toxicity
of the individual components of he mixtures, it is doubtful whether
such’ accurate d tions wo dd be ingful at this time. As
stressed earlier, the most urgent r sod i for toumloﬁlcal investigation
in' this area to indicate whether some of the PCB compounds are
‘ more toxic or have greater subk thal effect than others, as observed
i with the BHC isomers. At that point it would become essential to
o _identify and estimat tely : pecific individual compounds in the

p | mixtures.

X1, Separation of PCB's fron organophosphorus compounds
P by the Flosisil %cchllllqut pov

! A limited amount of work has been carred out in our laboratory
4 e to determine whether the Florisi. colunn technique is applicable to
. the scparation of the PCB’s frons the nrganophosph d
i Preliminary results on those tested (phorate, diazinon, ronne[ mala-
thion, parathion, methyl Trithion, ethion) indicate that they are not
‘ oluted with the PCB's by hexane, and can therefore be separated.
}
)

In comparison to the organochlor.ne pesticides, the organophosphorus
p e f::cnlly i ire larger ol of the ﬂh«-?;um mix-
ture for elution from the Florisil column, most likely because of their
more polar nature,
: As with the ot{'anochloﬂne pesticides, the presence of PCB's in
! a sample extract will interfere with some of the more common organo-
. phospgnts when the EC detection system is uscd. However, with
H e the uze of a dual d {EC + phosphate or thermionic) ted
10 & dual-pen recorder, the cfBuent from a single injection contstning
PCB’s and or, ophos{n‘nte: can be split and diflercntiation made
85 shown in Figure 5. Like the organochlorine pesticides, the PCBs
. are not d on the phosphate detector. Nevertheless, in the ab-
sence of a detector which is specific for phosphorus, the Florisil col-
umn technique can be used to separate the PCB's from the organo-
pbosphates to facilitate the analyses.
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in Canadian wildlife

' ! l“oilowlng the approaches outlined, the author'’s laboratory has
; analysed a number of Canadian wildlife specimens for vesidues of
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Fig. 5. Differentistion of Aroclor 1254 and nrganophosphorus fetdes usl
. . dualj detectors epd efBuent split. Ch . nq: ...p A: ;'mt phosph -
standard’ pesticide misture peuk numbers | = 1.78 ng. of phorate, § =
‘ 2.0 a!. nrdluimn. 3 = ;.0 ng, of Ronnel, 4 = 13.0 ng. of malsthion,
8= 8.0 ng. of )_mnbm. 3 = 150 ng. of methyl Trithion, and 7 = 100
ng. of ethion. Chi grum B: ol phospl mix.
ture (chromatogeam A) and 10 ng. of Aroclor 1254 pumbeted 1 to XIV
as fn chromatogram B of Figuro I (a compromise of the E.C. response
s nacmnxmla obtain maximum response on the phosphorus detector).
P = phesphorus detsctor and EC = efectron eapiure detector. Column
four w,m«m OV-100/six percent OV-310 on 60/60 mesh Chromotorh W
(AW); other GLC parameters as in Figure 1

organochlorine pesticides and PCB's. Some of the data on aguatic

* birds from Western Canada are given in Table 1. The inclusion of

these tabulated results, which r:sruent only a minor portion of the

total number of samples analvsed, is intended to fllustrate the types

of analytical ‘rmblems created by the presence of PCB's, and to indi-
cate potential errors due to high levels of PCB's in samples.
Referring to Table 1, some gencral remarks are in order:

1. The greater portion of the apparent DDE in samples is in fact
DDE. This is predictable from the comparatively smaller ts

it of apparent DDD and DDT. and has been verified by TLC.

t .~ 2 A large proportion of the apparent DDD in the samples is due

. to PCB's. However, DDD is present in some samples.
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3. The cffect of PCB contaming fon on DDT values is less marked

than In the case of DDD, but it is still substantial.

4. The apparent HE values are in most cases due entirely to the

pesticide, This is hat s congruous with the rest of the data
since four of the comn ercial PCHB mixtures does interfers
with HE. However, this anorialy may be explained on the basis
that the PCB component givi ig rise to peak tour is degraded ex-
tensively in the bird's metaboli > processes.

. Based on all of the PCB est mates in wildlife samples noted to
date, including those in Tabl . I, the following gencral trends are
evident:

(s) Aaunlc ruptorials gener lly contain higher residue levels of
ticides and PCB's than oth :r wildlife species.
sl‘;') High levcls of PCB's as. found only in the presence of high
lovels ol organochlorine pest'cides (the resin powder mentioned
below is an obvious exception) but high levels of organochlorine
jeides are not ily panicd by high levels of PCB's.
“{c) Tho most abundant PCB types detected nre those which show
Aroclor 1254 and 1200 patt: us and, therefore, 8t well with the
nr:rscd method of quantitaion. However, It should not be over-
ed that with the present 2 :siduo methodology some other PCB-
Ql{pe compounds might go unc vtected.
is § to i

o>

6. p : and fat t of sumpl

in conjunction with residue levels. This wlows o reporting on
a wet-, dry-, or fat-weight baiis. However, caution should be used
when reporting residucs in wildlife samples, for example, on a
fat basis when the fat content is very low. Such Bgures can be
insccurate as well as highly misleading.

The gas chromutoi!nm of a typical sample showing the prescnce
of PCB's is given in Figurc 8. It indicutes the Aroclor 1200 patt
and was obtaincd from a duckling found dead in the Toronto ares
in the summer of 1969,

A ‘good example of PCB's showing up In unexpected places oc-
curred recently. A wildlifc biologist was faced with the problem of
fish dying in a hatchery for no apparent season. He scraped some
of the resin powder from the hatchery trough and found, surprisingly,
that experimental fish were susceptible to even a dilute solution of
the powder. He submitted a sample of the resin powder to the author’s
laboratory, and upon analysis o typical GLC “Pmem of PCB's ( Aroclor
1254 type) was obtained. This is shown in Figure 7. Using the meth-
odology described earlier in this review, the sample was found to
contain PCPB’s but no pesticides, Based on calculations from 11 indi-
vidual pesks of Aroclor 1234, the PCB tration was cstimated
at 35 p.p.m (range 25 to 46). Using the average results based on
peaks eight and ten only, the PCB estimate was 20 p.p.m. This is
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Table 1. (contimeed)

#,-DDD »»-DDT HE
Description ot Igg; Diel- CB
- - Befors fypo | go| Before anlgel Belom | ane | x¢

(apparent) (appareat) (spparest) i
Sampie 1 srea 8 24.0 ; 0.42 0.33 0.27) &1 0.18 0.10 ) 57 0.15 0.12 3| 34
Sample 2 area 6 11.310.19 0.07 ND [} 0.30 o 17 Q.10 Tracer | — 1.8
Sample 3 area 6 13.7 [ 0.74 1.63 1.70 ; 164 0.08 0.0} 69 0.056 0.05 {100 1.09
fample 1 arca 7 13.5 1 0.07 0.07 0.05 | 64 0.05 0.02) 33 0.02 Tracer | — 0.57
Semple 2aren 7 3.710.06 0.12 D L] 0.14 0.03 138 0.02 Traee? | — 1.38
Sample 1 arcs 8 6.3]0.68 0.9 0.05] 49 0.04 0.0 = 0.02 0.01 52! 0.53
Sample 2ares 9 9.1 0.07 0.06 0.3 | 52 0.07 0.6 0.3 + 0.01 “l OLR

1 ' 1 '

« These S arc from westerns Capada (Veruerx and Reymoros 1970).

specimens

* These are “Before PCB-Florisil scparation” vakucs and ar: likely to include PCB contributions. Tbe “After” valuce (which do
not chamge significantly from the “Lefore’’ values) are not gi-en heeause the PCB pesk five (the DDE-interfering pesk) of Aroclor
1254 or 1260 is pot separsted from DDE by this method, bus, as discussed carlier, the PCB contributions to the DDE values are

P d to be relatively small > to the ibuts to DDD or DDT. .

* These are “Before” values. The “After” values (not given. are not significaatly differcat from the “Befors”” values since there is
Do direct PCB interfercnce. However, in the presence of high levels of DDE, low levels of dieldria will be maskod. In such cases &
separation (c.g., PCB-Florisil techoique) is ncccsmary, and the “After”” valve would be reported an the dieldrin Jevel.

‘% -BA;:‘—:—:EX 100 and indicates the percentage of the total apparent pesticide level that was actoally dwe te the pasticide.
* Valws (p.p.m.) hased oo peaks cight and s of Aroclor 1234

I ND = nonc detccted = <0.0001 pp.m.
o Trace = <0.001 pp.m.
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Fig. 6. Typical sample Indicating tie presence of PCB's of the Aroclor 1260

rg. 7

type ln 8 duckling from the Toronto ares. Chromatogram A: 5 ag. of
1260 numbered 1 to XVIL as in chromatogram B of Figure 3.
chramt‘?um B: the equiv jent of 0.35 mg. of duck sample (hexane
Flortsil split). Nele the DDE contribution to PCB peak V.

LC parameters o3 in Figure 1

Resin powder extract indicating the presence of PCB's of the Aroclor
1854 . Chromatogram A: 8 ng. of Aroclor 1254 numbered 1 to X1V
s in tograre B of Figure 1. Ch gram B: The equivalent of
.08 ‘mg, of resin powder extract (heasne portion of Florktl split),
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J an interesting example of PCB’ causing cootamination as a direct
| result of industrial application.

! ‘ With regard to the Florisil t.chnigue for the separation of PCB's
from pesticides, one important nodification to tho original mcthod
(ReynoLne 1969) s now used rc atinely in the wildlife studics. Origi-
' nally the scheme was designed .0 dato siatul ly
ol the cleanup of the sample estrac: and the scparation of PCB's. How-
; ever, as pointed out earlier in his review, not all samples contain
PCB's. Consequently, for genera samples, to avoid unnccessary split-
uni:f all samplo extracts (eact IY“\ doubles the number of cluat
to be chromatographed), a nonal cloanup including a Florisil col-
umn, but no diffcrential elution, is conducted. The Florisil-PCB sepa-
ration is then carsied out on the cleaned-up extract, if it is required.
Under these conditions smaller columns have been found to be as
. ; efficient as the larger columns u ed in the original method, and there
! . : is a substantial saving in the emount of reagents required. Details
of the modified procedure are as ‘ollows:

A glass column (44 em. X I em. .d. having 4 50-ml. reservolr on top) &
packed with 30 cw, (~10.7 g.) >f Florisil (60/100 mesh, Floridin Co.,
guuddt grade, stored at 130°C. il ready for use) and topped with &
em. layer of anhydrous Ne,SO. The sample extract of about $ ml.
! ‘(n-hexans) is added to the columo. The &r‘! elution which removes
PCB's, h&n’hlov. aldrin, snd DUDE, is eficcted with 60 ml. of w-henane
(Nanograde, Mallinkiodl). The iuncliing pecticides are then eluted
with 40 m}. of 50 pervent eyl ethsr in hexane.
Nole that in Bing the columv 5, the Florisl) is packed down Ly gentle
! ! tapping, and the sample eatract s added to & dry column, de., no pre.
. welting. Alter the Brst elution the recciver is changed as soon as the last
: of the hexane mects the N3,SO.. It should be noted also that with one
batch of pesticide grade Floristl, some PCB pesks (two, s, nine, 11)
showed partial elution in the second eluate. Thuse, however, are com-
paretively minor peaks and do uot interfere with any of the common
orgsnochiorine pesticides. As theie are differences in batches of Floristl,
K the procedure has to be checked out fully prior to application to actual
samplds, ModiBiestions of volumes, etc., may be neccssary to effoct the
desired scparation. It is likely that sdsorbents other than Flosbil, eg.,
silice gdl or alumina, will give similar gepargtion of PCB's from pestici
! but these have not been investigated to date.

Yl
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Pusticide Chemical name

aldrin 1,2)3,4,10,10-be achloro-1,4,44,5,8,8a-hexabydro-1,4-endo,
x0-8,8-dimet 1snonsphthalone
»9-DDD (TDE)  2,2-bis(p-chioto shenyl)-1,1-dichloroethans

- 9,p-DDE 1 g1 1-dichior0i2,2 bia(p-chloropbenyl)ethylene
,p-DDT "' i .:#‘-’lrklll % 3-bis(p-chloropbenyljsthane
:mllu N B n .’. i«luh { -isopropyl-4-methyl-8-pyrimidyl)- phos-
: -phorot!
dieldrin 1,2,3,4,10,10-he :achloro-8,7-epoxy-1,4,42.5,8,7,8,8a-0cta-
0-1,4-enc 3,020-5,8-dimethanonsphthalene
ethion 0,0,0',0"tetrar thyl-§,8'-methylene bispbosphorodithioate
heptachlor : 1,4,5,6,7,8,8-hey tachloro-3a,4,7,7a-tetrahydro-4, 7-ende-
methanoinde 10

beptachlor epoxide  1,4,5,0,7,8,8-he;} tachloro-2,3-cpoxy-3a,4,7, 7a-teirahydro-4,
T-methancin ane
lindane (»BHC) v-1,2,3,4,5,0-he acbloroeyclohexane

malathion &ﬁ.zbin(etho: y earbonyl)ethy}0,0-dimethyl phospherodi-
te
* methyl Lrithion 0,0-dimethy] C-(p pnenylthio) methy] phospherodi-
thioate
parathion 0,0-diethyl O~ nitropheny] phosphorotbioats
mnh (Thimet) 0,0-dicthyl 8-t thylthio) methyl phospborodithis
el dimethyl 2,4,5triebloropheny! phosp b
Summary .

Since 1968, PCB's have been detected in fish and wildlife, espe-
clally in Europe and North America. Contamination from industrial
wastes via the water wavs appoars to be the main source of PCB’s
fn aquatic species. The PCB’s have many important industrial uses
but are not utilized as pesticides.

Due to their similarities in structurc and properties to the organo-
chlorine pesticides, the PCB's tend to interfere with accurate GLC-EC

* determination of organochlorine and many organophosphorus pesti-

1 “~:~rrw.. v o e ¢ ieee
[

cides. In addition to their interference with pesticide residue analysis
the PCB’s are themselves toxic 3o that their quantitation s desisable.
.- A method for recognising the presence of PCB's in samples, lt{
arating Ihe‘l'n}rom pcstlscldca, and determining the pesticide level
o ibed. Simul \ i

an of tota) PCB con-
tent s afforded. iy
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e
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Polychlorcbiphenyls [

The residue data of some (i udian aquatic birds indicate that
high Jevels of PCB's are found only in the presence of correspondin
high levels of the DDT pesticide group. On the other hand, hi
organochlorine pesticide levels are not nccessarily accompanicd Ey
high PCB content.

Further rescarch on toxicity and sublethal effects of PCB mixtures
and their individual components is required. If particulae components
are shown to be more toxic than ¢ thers, refining of the PCB quantita-
tion methods will be nccessary

Résumé*

Analyse do résidus de jesticides en présence de
diphényls polychlorés

Dcpuis 1968 des diphénvls e Iychlorés (PCBs) ont été détectés
dans polssons et Je gibier, jarticulidrement en Europe et en
Amérique du Nord. Il apparait :ue la présence de PCBs dans la
faune aquatique soit duc principa ement  la contamination des cours
d'eau par des dichets industriel:. Les PCBs sont utilisés pour un
geand nombre de procédés industriels importants, mais ils nc sont
pas appliqués commne pesticides.

Etont donné que Jn structure et les prooriétés des PCBs sont
semblables & celles des pesticides organochlorés, ils ont tendance &
fausser la détermination exacte des substances orgunochlorées et
organophosphorées lors d’analy ar chromatographie en phase
gazeuse via capture d'électrons. En plus de leur interférence lors
de lanalysc des résidus des pesticides, les PCBs sont eux-mémes des
composés toxiques dont la détermination quantitative est soubaitable.

grésent article conticnt unc méthode qui permet de reconnalze
Ia présence des PCBs dans des échantillons et, en méme temps, de
les séparer des pesticides dont le taux de résidus peut étrc exact
déterminé. La méthode permet égal une estimation du
total en PCRs.

Des résultats d'analyses portant sur des oiscaux aquatiques cana-
diens indiquent qu'un taux élevé de PCBs est lié & un taux élevé
de rétidus%e pesticides du groupe DDT. D'autre part, des taux élevés
de résidus de substances organochlorées ne sont pas nécéssairement
sccompagnés d'un taux élevé de PCBs.

Des recherches supplémentaires sur la toxicité et les efets sub-
Yétaux des mélanges de PCBs et de leurs composés individuels seront
néodssaires. 'St on peut démontrer que des substances particulidres
sont plus toxiques que d'autres, on aura besoln d'une méthode plus
spéciBque permettant Panalyse individuelle des PCBs.

———

¢ Tradult par H. Cxmaaluien,
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Zussur monfassung®
Die Analyse von Pllanzenschutzmittel Rilekstinden io Cegenwan
AN von Polychlordiphenylen

Seit 1906 werden Polychlordiphenyle (PCB-Stoffe) in Fischen und
Wildtieren, besonders in Europa und Nordameriks, machgewicsen.
Die Verschmutzung der Wass:rwege durch Industrieabfiille scheint
dabei die Hauptursache von PCB-Riclstinden in der aquatischen
Fauna zu scin. Die PCB-Sto fo werden fiir eine Anzahl wichtiger
Industrieprozesse gebraucht, ai; Schiidlingsbekimpfungsmitte] werden
sie jedoch nicht eingesctat.

a die PCB-Stofle in ihrer Struktur und in thren Eigenschaften
den chlorcrten Kohlenwasse stofl-Insektiziden sebr Uhnlich sind,
kihnen sie die Jnschromatogl phische Bestimmung mit Elektronen-
einfang-Detcktor von chloricr en Kohlenwasserstoien und mancher
Phosphorstiureester verfiilsche'. Die PCB-Stoffe ktnoen nicht nur
Riel dsanalysen becintrict tigen, sondern sie sind selbst toxische
Substanzen, deren Nachwels sich sufdringt.

Im vorlicgenden Artikel wird cine Methode beschrieben, die e
crlaubt, das Vorhandenscin vo 1 PCB-Stoffen in Proben nachzuweisen,
sie von den Schiidlingsbeki npfungsmitteln al und die
Riickstinde der letztem gennu zu  bestimmen. Dartiber hinaus
gestattet dis Methode, den Tolalgchalt an PCB-Stoffen abzuschitzen.

Rickstandsdaten einiger kimdiecher Wacearvtiael weisen darauf

“hin, dass hohe PCB-Konrcutrationen nur in Cegenwart hoher

Rilckstiingle von Substanzen der DDT-Gruppe auftreten. Anderscits
sind hohe Nickstinde von chlorierten Kohlenw ff-Insektizid
nicht unbedingt von hohen PCB-Konzentrationen begleitet.

Weitere Untersuchungen iiber die Toxizitit und die sublethale-
Wirkung von PCB-Mischungen und ibrer individucllen Kompogenten
sind angezeigt. Sollte cs sich dubei ergeben. cass gewisse Einzelstofle

. toxischer sind als andere, wird eine Verfeinerung der Nachweis. und

Bestimmungsmethoden fiir PCB-Stoffe notwendig.
Al 1
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