UM

petimnng, dor Hicksténda
.I':'ln. Die r‘anlnmg VI, 87

e in foodsnfls i Great
mpted srwals. ] Sel. Fooll

h rafc spny  reagent
:. ;l}l‘i‘r‘-‘l‘:“g‘hm. hemists 48,

¢ av viua Korpesticider och
1 wonk handel dien 1004

tine portteides and arsonio
Il. mavl;‘rl fn 1004-1007, Acta

pted 0 February lm.

0 mrm ——————
. >

R

Vo AT LRI YRR v L A g

it diad [rtass 39 (97/ )017,,_
Y

L1

vy

'
“.. . Pesticide residuc analysis in the presence
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1. Intvoduction

B by the

Ueldes and TCB's In Canadlinn wildiife

Although there has been so much discussion on the pros and cons
of reslicidc use, it would be unthinkable to start this review withont
a few.comments on the controversy, The recont baming of DDT
by some countrics and the widespread and increasing animosity to-
wards the usc of the orgunoclilorine pesticides in gencral are due

to a number of factors including:

) The largo annuel additions of the pesticides to the environ-
ment coupled with their apparent persistence.

b) Their known acute toxicitics.

¢) Their widespread distribution in biological materinls and their

rcported buildup in the food chalns.
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d) Thoir more recent fmplieation in the derangement of ealeium
metabolism (PraraLy 1967, Simxis 1067, Wrrair et al. 1960)
possibly causing tho decrease In cggshell thickness and the

opulation decline of cortain raptorial specles of Dirls
Rarernan 1067, Thekey and Anoenson 1068, Sticxyr, 1969).

@) Their adverse effcets on fish reproduction (Bumick et al. 1961)

and high residuo lovels found in Coho salmon in Lake Michi-
an in 1969,

f) Cestain “fears™ involving clwonic toxicitics and sublcthal dnses
with possiblo deleterions effcets on man and wildlife and the
ultimate survival of man..

Tho above factors arc very compelling and certainly warsant man's
concern about tho threat to his cnvironment and his very existence.
Nevertheless, onc cannot deny that these pesticides have been impor-
tant In cnsuring the supply of man's m‘\ldly increasing food require-
ment and in the protection of his health, as woll as the saving of
millions of lives. Surcly, this is a case whero the benefit-risks eqitalion
as well as the altcrnatives to the organochlorine posticides should
bo carclully studied and evaluatcd to avoid the possibility of getting
into a worse predicament.

It was quite ironic when rceently a Jarge city publicised that,
because of an imponding ban on DDT, the garbage collector would
pick up separatcly all home garden sprays and other materials which
containcd cven traces of DDT. The moterial that had been wsed
more than gencrously and cheiished for alimost 30 years had suddenly
become monstrous cven in trace Tmmmcs. Wasn't there much greater
danger posed to the coll , children, and animals by such collec-
tion than if the home supplies had been allowed to rum out gradually
with no chance of replenishment?

In fnet, the announced bans on DDT so far are gencially not
total, and hence sorvo the same purpnse as mercly tightening the
control on the uses of such pesticides. In other words, when it is

- neccssary, and until suitable and satisfactory replaccments are avail-
able, limited and judicious use will be made of these pesticides.
With regard to the use of substitutes, caution is tia) to aveid
prematurc usc of any compounds. It is now known that potentiation
(or antagonism) of toxicity is possible with certain combinations of
posticides and with combinations of pesticide and drugs or environ-
mental chemicals (Dunots 1868). A compound might be fairly safe
by fisclf yet harmful in tho presence of others,
-=- It is a fact that ovon if suitable substitutes were found and the
use of the organochlorine pesticides was banned completely, a need
would still exist for at least & number of years to have reliablo analyti-
cal methods for the dctermination of their residues. The present ro-
view discusses tho status of organochlorine pesticide residue analysis

VA 110 gt e o Ty e
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pesticide residue analysis

Polyclilorvbiphicnyls 20

with particular reference to scrious fnaccuracies cansed by the pres-
ence of pol(chlorobiphcnyls (PCH’s) in some samples.

As would be expocted, in order to cope wilh the numerous new
pesticides that have heen put into use, posticlde residuc methodology
s chinged drastically over the years. Zwiac (1963) poited ot
that unliP about 1940, the lifc of an analytical chemist working in
the pesticido ficdd was' a retatively serene one In which the chemist
had to bo familiar only with enalytical methods for arsenle, Jead,
fluorido, pyretinins, rotenonc, and a few others. Just about ten years
back, DT and other orgnnochlorine compounds wero estimatod by
colorimelric methods (Scimcrnn et al. 19045) which obviously did
not give precise information on the amounts and identities of the
individual compounds present.

Today's rcsll:lno methodology §s much more complex, and in order
to cope wilh the mew posticides being introduced, the techniques
arc constantly being modificd and improved. The wide variations
in toxicily and persistence of pesticides, new or old, diclate refinc.
ments in methods in order to diflerentiate and delermine individual
residues. L

Bearing in mind the complexitics mentioncd above and the fact
that the spray history of most samples (cexcluding controlled spraying
experiments) s unknown Lo the analyst, the availability of chromato-
graphic techniques which afford scparation of a number of compounds
in a mixture has made the multi-residue screening approach (U. S.
Food and Drug Administration 1969 revision) the method of choice.

The gas liquid chromatographic (GLC) scparation with clectron
caplurc (EC) detection is prescntlk' the most popular analytical com-
binntion for organochlorino pesticide residues.

Multi-residuc analysis involving CLC gencrally involves five vrin-
cipal steps: .

a) Sampling to procurc a repr ative ali of the sampl

b) Extraction of the residue with a solvent (usun“y organic since
most of the organochlorines (OC's) and many of the organo-

. hosphates (OP's) are fat soluble).

c) (E,lenmxp of the extract to semove Interfering materials such as
fals, waxes, pigments, otc.

d) Analysis of the cleancd-up extract, generally by GLC-EC
technique.

e) Confinnation of the pesticide identity.

Certalnly therc arc & great number of varintions in carrying out
theso sleps, depending on the nature of the pesticide and its substrate,

*Editor’s note: See Bunxy, J. A Development of the Food and Drug Ad-
ministration’s method of analysls for multiple residues of organochlorine pesti-
cides In foods and feeds. Residue Roviows, this volume.
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tho limit of detcctability required, and the Jaboratory stall and equip-
ment available. 1t {s beyond the scopo of this review to tiseuss any
of these methods in detail. Furthermore, Guarinn (1962) and Sanur,
and Honcrs (1967) have reviewed this topic ndc(‘unlcly. Accordingly,
this review will deal mainly with problemns invelving I'Cl's and re-
latcd compounds, No atiempt will bo made 1o review gas chromatog-
raphy for pesticide residuc analysis. Bunxe: (1965) has discussed somo
Krnnllcal aspects of this topie, while Tnomrson et al. (1909 and 1960 a)

ave evaluated different gas chromatographic columns for chlorinated
pesticides. .

Beforo discussing the PCB's and their interference with pesticide
residuc analysis, some® key references in the English language on
rcsildt]m methodology are appropriate. Thesa are listed alphabetically
as follows:

1. Advances In pest control rescarch, vols, 1-8. New York: Inter-
scienco (1957 et m{.) .

2. A guide to the analysis of pesticides by gas chomatography, 2nd
ed. $. 'L, Preston, Jr. Evanston, 1L: Polyscience (xoes%

3. Amlysis of insecticides and acaricides, Gunther and Blinn, New
York-London: Interscience {1955).

" 4. ‘Analytical incthods for pesticides, plant growth regulators and food

additives, vols. -V, Zwelg. New York: Academic Press (1963).
8. Guidc to the analysis of pesticide residues, vols. 1 and 2, Burch-
ficld and Johnson. U. S. Public Health Scrvice, Office of Pesticides,

Washington, D. C. (1965).

. Manual of mcthods for the determination of residucs of Shell
pesticides, Shell Chemical Company, Agricultural Chemicals Divi-
sion, Now York (1969).

. Official methods of enalysis, Association of Official Analytical
Chemists, 10th cd. Washington, D. C. (1965).

8. Pesticide snalytical manual, vols. [ and 11, U. S, Department of
Health, Education, and Welfars, Food and Drug Administration,
Washington, D. C. (1908).

8. Pesticide residue analysis handbook, Bonelli. Wilkins Instrument
and Research, Inc., Walmt Creck, Calil, (1985).

10. Residuc Reviews, vols. 1-34. Gunther. New York: Springer-Verlag
{1902 et scq.)

It should be emphasized that theso references were all written prior to
tho knowledge t’i’ml there was a possibility of PCB interference with

-

* Editor’s note: There aro now more than 05 books concerned with pesticide
residues Including €0 thst discuss analytical methodology In some rusp oig]
ocountries are represented bz tho authors. Guwmium, F. A.: Pesticide residues in
the total il t-Relinblo d i o , mitigation, and legls-
I(lll;v’% )conlml and survelllance programs. Pure aud Applied Chem. 81,

MONS 083211



Jowatory stafl and cquip-
this revicw to discuss any
vartr.n {1062) and Sanurn:
ic: addequately. Ac?ordingly,
n hw;‘\-ing PCB’s and re-
10 roview %us chromatog-
(3005) hns d iscussed someo
sx ot al. (1960 and 1069 a)
ic columns for chlorinated

the English Janguago on

serference with pesticide
H'n aro Nistod alphabetieally

bs. 1-8. New York: Inter-

- gas chomatogeaphy, fnd
rsEknco (maag.
Cunther and Blinon. New

owth regulators and food
Academic Prcss (1063).
bucs, wols. 1 and 9, Burch-
lervice, OMice of Pesticides,

htion of residues of Shell
jrriculiural Chemicals Divi-

ion of Official Analytical

1903). )
111, U. 8. Department of
end Drug Adminisiration,

onclli, Wilkins Instrumont
f. (1963).
New York: Springer-Verlag

Fes were all written prior lo
of ¥CB interfcrence with

(hooks w:.nmd with penlch,i:
3 somo respects: t
‘:‘ E'?.A.x:“c:llﬂ;hl’:s@ug‘m
[wination, ation, an is-
nd mﬂu‘ em. 81, 8

Bl ali e ot TS L

L T

i

Polychlorobiphenyls AN

certain pesticido residuo analyses. In general, the methods deuseribed in
theso references can bo modificd to cope with PCB interference.

IL. Presence of PCB's in the environment

Following the development of the EC detectors and their use
“with GLC, most residuc chemists have observed unidentified peaks
ron their gas chromatograins. Generally, there was no specific pattern
. to these penks, but analysts concerned with pesticido residucs in wild-
* life, especially i Europe (Rosuny 1965, Hawuson 1866, Hotwen and

Mansoin 1968), somctimes observed a particular scrics (with as many
: as ten or more peaks) of the utlldcnlil;icd peaks in their sample ex-
1tracts. The materials giving rise to these unidentificd responses
. occurrcd most {requently and in the largest proportions in extracts
from aquatic raptorial species of birds and fishes, The gencral supposi-
tion was that theso responscs were from condensation products of
the metabolites of the organochlorine pesticides, since they were gen-
erally observed when large amounts of pesticides werce also present.
Roburn (1065) reported them to be organochlorine compounds with
foirly high chlorine contents, which no doubt accounts for their MFh
scnsitivitics to the EC deteclor. However, Junsnn (1068) was the
first to state that these unidentificd peaks corresponded to PCB com-
pounds, bascd on the analysis of a number of pike samples, an cagle,
and human hair. Initially, the GLC and lhin»linycr cln'omnlogrnlﬁlic
(TLC) patterns and chemical inertness were used to identify the
unidentificd peaks as PCB's ( Jensen and Winaank: 1967).
* Other workers in Great Britain (HouMes et al. 1967, Howmin and
Mansnin 1907) and the Netherlands (Korman et al. 1967) also made
early rcports on tho presence of PCB's in their fish and wildlifo
samples.

-At tho Organisation for Iiconomic Co-opcration and Development
{OECD) Confcrence on “The Unintended Occurrence of Pesticides
in the Environment,” held in Seotland in Scptember, 1967, the Furo-

____pean chemists in paiticular showed much concern regarding the pres-
""“enco of PCB's in their wildlife samples and the possibility of inter-
erenco. with their erganachlorine pesticide residue amalysis. Up to

: “that time, there had been no report on the occurrence of these mate-

rials in North Amcrican p H , in a D ber, 1967,
‘report on organochlorinc pesticides in scals and porpoiscs, Hor.pen
-and MansoeN included o ison of tho s of PCB-type
. materials found in Scottish and Canadinn samples. They reposted
that the levels of these non-hydrolysable materinls were generally

o "N-" ~"owich Jower In the Tanadian specimens.” Since that time Risknnovcit

‘et al. (1968) have reported that the PCB's arc widcly disperscd in

__‘the global ecosystem, while Revivorns (1968, 1969, and 1969 a) has
found them in some Canadian wildlife samples.
LA I T A S S T
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Positive confirmation of tho PCB's by gas chromalography-mass
l(‘;gclromchy (GC-MS) has now been reported in Sweden ( Winaman
19067), the Netherlands (Koeman et al. 1969), and fn the United

" States (Rurenvt 1969).

1. PCB interforence with pesticide residuc nnalysis

The polychlorobiphenyls (X indicates tho possible chlorine posi-
tions) and related compounds (rolychlorinnlcd triphenyls, naph- -
N thalenes, terpenes, cte.) have nu-
X ’ merous important industrial uses but
x x arc not uscd as pesticides. Because
" of their similarities In structure and
x x propertics to tho DDT pesticido
group, the PCB's-—if present in a substrate—are carricd through the
usual pesticido extraction and screening procedures, and since they
possess clectron absorbing propertics, will interfere with GLC-EC
analysis of organochlorinc as well as a number of the organaphos-
phorus pesticides (Ri:ynouns 1969 b). i

Tho reported GLC patterns fndicating PCB interferences have
shown marked resemblances with “Aroclor” 1254 and 1260 {'])-',Nsnn
and Wipmank 1967, Ioumes et al. 1967, Riynorps 1968 and J9G9,
and KormaN et al. 1969). This typo of intcrference with pesticide
residuc analysis is d trated with a standard mixtne o) organo-
chlorine pesticides and o ial PCB mixtare (Aroclor 1234)
in tho chromatograms of Figure 1. The results confirm that the pres-
cnco of PCB's in the sample extracts will cavse intarference with
pesticide residuc analysis under these or similar operating conditions,

It should be emphasized that throughout this review when the
term “PCH” is uscd, this includes the polychlorobiphenyls and also
tho other closcly related compounds mentioned above. Jlowever, the
polychlorobiphenyls are the most important from the point of view
of K:lcrfcumcc with pesticide residue analysis. Under the GLG operat-
ing conditions, the chlorinated polyphenyls and other related com-
pounds with molecular weights greater than the chlorinated biphenyls
will gencrally not be scparated and obscrved on the gos chromato-
grams. Modification of the operating paramcters such as higher col-
umn temperatures or changes in the liquid stationary phascs are usu-
ally necessary to dotect the presence of such compounds.

It must be borne in mind that when high molecular weight com-
pounds arc present, their peaks can appear on subsequent chromato-
grams and cause “sccondary finterference.” This occurrence can be
recogniscd casily by the early emergence of unusually broad interfer-
lnireuks on the chromatograms. “Secondary interference” is a term
used by the author to imply that the interfering peak does not have

e o i
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tho samo retention time as that of the compound of interest under
tho same operating conditions. The Interfering peak often originates
from a previous injection and cannot be simply repeated. Of course,
if the elution timo Is very long, tho peak might be broad enough
to escape detection and ip such a case would not interfere. In contrast

| |

U Lafelabelo)s abalebolatedada il e nbad datus it s S s et o
[} 3 0 11 20 s 30 s

Minvtes
Fig. 1. PCB interl with organochlori: ticldo residne snalysis on four
nt SE-30/six percent QF-1 on 60/80 mesh Chromasorh W, %~ x G
mlllcllu column. Ch A: standsrd mixture of i

Ke:ﬁcldu; gcnk numbers: 1 = 0.08 ng, of lindane, 2 = 0.10 ng. of
cptachlor, 3 = 0.10 ng. of aldrin, 4 ~ 0.14 ng. of )’nrplnchlor cpoxide,
§ = 0.20 ng, of DDE, 6 = 0.20 ng. of dicldrin, 7 = 0.30 ng. of DDD,
and 8 = 0.50 ng. of DDT. chrvm-to%?m B: 5 ng. of Aroclor 1254 (the
M ml!or g::h are numbered 1 to XIV), Chromatogram C: combina-
tion of sbove hi dard p do mixture and Aroclor
1254, Injector £50°C., column 200°C., detector baso 250°C., N, st 80~
30 cc./minute

to this type of interference, materials which have identical retention
times will cause “primary interfercnce” which is casily repeated by
reinjoction of the extract. With this form of interfercnce a single,
sharp peak is obtained, and in the absence of confirmatory and other

) isint tation can occur ensily. PCB-type

fnterference inlls malnl): in this grroup.

-~
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IV. Uscs and properiics on PCR's

B In order to understand how it §s pussible for FCB's to be present
Co ' 1 in wildlifc and cause interference with pesticide residuc mm{ysis. it
) " is necessary Lo give a bricf description of some of their propeitics and
: uses. The PCD's are produced and marketed under a number of com-
5 ’ . mercial trade names, e.g, ‘Aroclor,” ‘Clophen,” and ‘Phenochlor.” Kox-
Lo ' ' . MAN ¢t al. (1969) rcpoiled marked resemblance between Avoclor
et 1260, Clophcn AGO, and Phenochlor DIG. The ‘Aroclor” plasticizers, &
S ' ] sexies of chlorinated biphenyls and chlorinated polyphenyls, arc typical
it ; o of these compounds. As stated by the facturers (M {
. Lo : Co. 1967), the ‘Aroclor’ compounds are among the most versatile
o R chemically produced miaterials available. They vary from mobile, oily
- . X liquids to white crystals and hard transparcnt resins. They arc non-oxi-
s : B dizing, inert, per tly ti plastic, of low volatility, non-
' conrosive to molals, insoluble in water, and resistant lo alkalics, acids,
and corrosive chemicals. The viscous, more highly chlorinated liquid
and resin members do not supporl combustion and they fnpmit fire
rctardince to other malerials. The crystalline "Avoclor’ compounds
are rcltively fnsoluble but the liquid and resinous componds are
soluble in most of the common erganic solvents, thinners, and oils.

These compounds are uscd in protective coatings, as placticizers

‘ and extenders, as scalers in water-proofing compounds and pulty,
. in asphaltic aterials, pn’nlin§ inks, waxcs, and synthetic adhesives.

i Liquid PCB’s are used as diclectrics, as h(dr:mli(: fnids, in thermo-

: stals, in culling oils, as cxlreinc pressure lubvicants, as grinding fluids,

and as heal transfer media. Solid PCB's arc used to impregnate carbon
N I resistors and as sealers in impregnating agents for clectrical apparatus,
. The propertics of many products can be varicd and improved by
" the use of these compounds cither as primary or secondary plasticizers.
ne ) . o Further details concerning tho diflerent “Aroclor’ scrics, the grada-
[T : ] * tion of their propertics, and the s possible applications ean
v g be found in the f: er's technical bulletin (" o Co.
e - 1667). In the system of designation for the ‘Aroclors,” the first two
. digits indicate the tygc of material, while the last two digits give
C e N © the approximate wezi&\t percentage of chlorine in the ?I’O{fl;lct. For
C ’ h , “Aroclor’ 1254 indi a chlorinated biphenyl with approxi-
s K mn!cfy 54 percent chlorine, while ‘Aroclor’ 5460 indicates a chlorinated
-4 triphenyl containing about 60 percent chlorine.

o Ayine ’ ) + V. Possible modes of entry of PCB’s into the ccosystem

o . The means by which PCB's enter the ecosystem to contaminate
L R . fish and wildlife are still not cloarly understood. There are however,

Ta oy . e i S s —————— = - S s —— et Ta e s e s eeeen v e . .-
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four most Jikely pathways by which PCR’s enter fish and wildlife:

a) Because of their inertness and versatility and conscquent
numcrous applications, it is quite conccivable that PCB's
coukd be flushed as wastes Inlo rivess, lakes, cte. o pollute
fish and other wildlife.

There is & possibility that somc contamination could procced
via tho atmospherc when wastes taining these ]
are bumnt,

Although it is wnlikely, some typo of Ullman rcaction with
condensation of aromatic halides with the aid of metallic
agents such as copper to give risc to the formation of biaryls,
cannot be complctely ruled out. .

Lastly, but not nccossarily the least likely, there Is the possi-
bility that some companics are using PCB's in some Insceticide
formulations to increaso the kill-life,

b

~

[}

~

d

~

The idea of ncreasing the residunl persistenco of Insecticides has
been investigated for somo time and a bricl résumé on the moro
important background work is in order. :

The emly investigations by Lannguist et ol. (1945) and Prock
(1948) indicated that the residual cflectivencss of DDT was pro-
longod when the DIDT was applicd in resins and paints. van Twn
(1952) continued along these lines when he increased both the cffce-
tivo period and the toxicity of & DT deposit on a glass smface
by the addition of a siall amount of coumaronc resin to a DDT
solution in kerosenc. Subscquently, emphasis was placed on work
involving the more volatile insccticides Jike lindanc—-a very effective
posticido but onc which soon loscs jts activity because of volatilization.

Surrivan and Honnstrin (1953) in their experiments with the
Amcriean cockronch, Periplancia americana, found that lindane resi-
duo remained loxie longer when it was compounded with ‘Aroclor’
5460. They suggested that the chlorinated polypheny] prevents crystal-
lization of the lindanc and lowcrs the vapor pressure of the lindane
in the mixture, thereby preventing wnsightly residucs on surfaces as
well as extending the cllective kill-life of the insecticide. Tsao et
al. (1953) obtained similar results against housc flics, Musca domes-
tica L. Continuing this work, Honxsrin and Sutavan (1953) con-
Brmed these findings and deseribed a general method for prolongin
the residual effcctiveness of volatile insccticides. The meth cousislcs
of prcpm'lnf concentiated solutions of the pesticides in the film-form-
ing polychlorinated polgphcnyls. A Monsanto Co. Technical Bul-

_letin (1965) states that beeause ““Aroclors’ in formulations ‘trap’ and
bold more volatile ingredients, they make volatile inscclicides and
repellents Tast longer” in residual activity.”

Attempts to determine whether this idea had becn put into practice
havo so far been unsuccessful. However, if the PCB's arc being used
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in posticide formulation, then this coupled with the numerous other
uses suggested in a Jater Monsanto Co. Bullctin (1667), might cer-
tainly explain thetr presence in wildlife tissucs and other samples.

Thero is an obvious nced for clavification of the sources of PCR's
in fish and wildlife, apd this could probably be accomplished using
tracer techniques.

VI. Toxicity of PCB's

The PCB's were studied as carly as 1881 (Scumor and Sanmrz)
and were in wide use by 1930 (Prwnine 1930). Later JONM and
ArorN (1936) reported that tho compounds wero toxic. Grnnneng
et al. (1039) reported that PCI's and polychlorinated naplihalenes

. causcd the deaths of three workers. Men employcd in the production

and use of PCB's developed acne-type skin cruptions (Sciwantz and
Banrow 1942, Sctwam~ and Prex 1943, Scuwanrz 1943).

Miaen (1044) reported that PCB's eavsed pathological changes

in laboratory animals. Brown (1947) warncd about the toxicity dan-

rs of the ‘Aroclors” when there was a suggestion that onc of the

Aroclors’ be used as the melting point bath Jignid in prefarence to

the cuslomary sulluric acid, Later, Mcl.avaiuin et al. Ewﬂ:}) found

- that Aroclor 1242, besides being toxic, produced teratogenic effects

in chick embryos at lower dosage levels. Rustanouvcn ef al, (1968)

- DDT, could account for a large P:n-t ol the aberration in calcivm

{1
3

~+~--of PCB's requires very offoctive and cfficicut cxhaust ventilation

motabolism that has been obscrved in many species since the second
world war. With high dosage of PCR's, ?ly ropericards have been
obscrved in quails (KoEMaN et al. 1969).
It has been stated (Monsanto Co. 1967) that at ordinary tom-
" peratures tho ‘Aroclor” chlorinated polyphenyls do not present indus-
trial toxicological problems. However, caution was advised in handlin
these materinls. Tho hazard of potential toxic cxposure varics with
‘the volatility of the compounds: the lower chlorinated, more volatile
- ones Present more of » potential problem from the standpoint of
both Inhalation and skin contact. At clevated temperatures, the use

syslems.
. It has also been stated by the manulncturers that “tests on animals
indicate that the i safe tration of vapor is in the range

¥ .of from 0.5 to 1.0 milligram of the Jower chlorinated ‘Aroclor’ plasti-
< e m—iincizcrs por cubic meler of air. The threshold limits (maximum allow-

| *able concentration for an 8-hour working dng) sct by thc American
| ' 1’ Confecrence of Government Hygienists are 1.0 milligram of the lower
4 «-n..- .. chlorinated “Aroclor’ compounds per cubic meter of air and 0.5 milli-
" - gram of the more highly chlorinated ds, such as ‘Aroclor’
i 254, per cubic meter of air.”
§
f

o
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Polychilurubiphenyls 37

lowever, as Tustimoucn ef al. (1968) pointed owt, only relatively
small amounts of chlorinated hydsocarbons are required to cavse en-
zyme-induced breakdown of steroids, thus mnh’nﬁ frrelevant much
of the p.p.m. approach to pollutant ccology bascd on toxicity data
alone.

There is no doubt that furthor rescarch in this area is negently

‘nooded.

VII Analysis of pesticide residues in the presence of PCR's
PCW's aro of intcrest to analysts for three main reasons:

' a) The compounds are toxie.

b) Thoy arc widcly distributed and their uses arc incrcaslnq.
e) They interfore with GLC dcterminations of organocl
and organophosphorus pesticide residucs.

inn

The first two reasons have been dealt with carlier and thercfore
nced no further claboration. Accordingly most of the remaindes of
this review will be concemed with the analysis of pesticide residues
in tho presenco of PCGB's. Also the present wethods of cstimating
the amounts of PCB’s will be discussed.

As mentioned earlicr, it was emphasized at the 1967 OECD conler-
ence that PCB's were in fact being delected in fish and wildlife,
especially in Europe. The conference among other things scived to
alert other chemists and scicntists to the problems of PCIV's and their
interference with pesticide residue analysis. Since the discovery that
PCB's are contaminating fish and wildlifo and that they intarfere
with organochlorine pesticide analysis, very little has heen published
on how to cope with these Interferences amd how to differentiate
the PCH's from pusticides. Based on preliminary work, Jensen and
Wionmanx (1967) suggested & nitration techmigue based on the inmit-
ness of the PCR's compared to the relatively casier nitration of the

ticides. Tosennoveit et al. (1968) reported the use of this method,

ut Reynovos (1969 b) pointed out |‘mt nitration s not a svitable
approach since some pesticides (lindane, toxapene, Strobane, cte.)
apparently will not nitrate, while some of the I'CB's appeared to
be nitrated under the suggested conditions. In addition, there is the
problem of further complication from the interference of the nitrade-
rivatives formed, cspecially when the DDT.group pesticides are
present in large amounts.

To avold the above complications and at the samc time facilitate

* the chromatographic interpretations and afford a means of estimaling

tho PCB's and pesticides indcpendently, Rexnoros (1069 b) intro-
duced & Florisi) separation scheme. Koxmaw et al. (1969) have also
reported & similar Florisil col hnique to scp tho PCHs
from the pesticides.
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In Rexnowns” method, the partially cleancd-up sample extract con-
taining the pesticides and PCB's is placed on a Florisil colamn and
tho PCB's are cluted first with n-hexane, followed by clution of the
posticides wilh an cther-hexanc mixture. Originally, this technigue
was intended to serve as the final cleanup step, as well as eflcetin
scparation of the PCB's from he pesticides. As will be cxplniuc(ﬁ
tho mecthod has since been slightly modified (mininturized) to scrve
mainly as a separation technique. Of the many pesticides investigated,
only heptachior, aldrin, and the DDT metabolite p,p*-DDE are cluted
with the PCW's. With the exception of p,p’-DDI, these do not present
difficult problems since chemical reactions (epoxidation, hydrobiomni-
nation, ctc.) can be used to diflcrentiate heptachlor and aldiin from
the PCRB’s. Furlhermore, these {wo pesticides are moro froquently
found as tho more stable cpoxy products which are scparable fiom
the PCB's by this scheme.

p.p-DDE on the other hand presents a more difficult problem
on account of its chemical incrtness. Jts greater stabilily resembles
that of the PCB's, and the is not ble to any simple
and convenicnt method of structure modification to give a product
which is readily detected within the usual GLC-EC operating param-
cters.

Of coursc the ideal situation would be a convenicnt addition of
one mole. of hydrochloric acid to the p,p-DDE to form pp-DDT
while the PCB's arc not affected. This would afford confirmation and
quantitative estimation of p,p™-DDE in the presence of PCB's. Gen-
erally under such circumstances §t would not be necessary to do an
additional Flarlsil scparation. The amount of p,p"DDE present could
bo estimated indirectly from the p,p-DDT produced since, as will
be discussed Jater, the p,p-DDT ( and p,p"-DDD) can be separated
from the PCB's by Lhe use of highly polar liquid phascs.

It should bo emphasized that although p,p-DDD and pp’-DDT
aro mostly scparated by the polar phase columns, without introducing
a Florisil scparation the carlicr emerging pesticides arc m])(‘rimposcﬁ
on the PCB’s and henoe a scparation Is nceessary to jdentify and
to quantify thesc latter pesticides.

After tho TFlorisil scparations ('rf PCB's and pesticides are made, y

the two cluates are T separately on the S1..30/Q¥-1
U and pared with appropriate standards for quantitation.
This is normally followed by confirmation of the identities of the

pesticides.

VIIL Confirmation of pesticide identily

Despite the separation of the PCB’s and their elimination as
sources of Intcrference, the mon-specific nature of the EC detector

At S o e atate LS EUEREE
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Polychlorabiphenyls 39

makes {t necessary to confirm the jdentity of the pesticides by addi-
tional teehniques.
~Tho scquence vsually followed by our laboratory is:

. ) ln{ccllon of the pesticido cluate onto a more polar liguid phaso
column (e.g, polyester such as DEGA or DECS‘;. Typleal

RN Yy e

-

v L b i g it g s W L G b sty

L] s L L] 20 ) 20 £ 3
Minutes

Fig. 8, Scparation of PCB’s and organochlorine pesticides on polar phase eolumn
, - (Bve percent DEGS/two percent H.PO.). Chromatogram A: standard
mixture of ‘organochlorl: ticides with samo as in Figuee 1;

.. poak numbom: 1 = hcp(ne\mlor and aldrin, & = lindane, 3 = heplachlor

{do, 4 = DDE, § w dicldrin, 8 = DDT, 7 = DDD. Chromatogram

: 6 ng. of Aroclor 1254 (the 14 major peoks arc numbered J to XIV
s dn o mmjalog‘lm B of Figure 1, assuming that tho order of clution

‘llcldzi ’mhimo end Xmelor. 1254, Other le'.z: prramncters a8 in
K gure

separations of pesticides, PCB’s, and a mixture of the two
: WBS aro shown in Figure 2. The reversal of p,p’-DDD and
P,p’-DDT and their scparation from most of the PCB’s is note-
. worthy and quite usciul. One drawback is that peak No. 13
of Aroclor interferes partially with p,p*-DDT. Other use-
_ful information can be obtained by study of the retention times

‘ . BRI
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" of individual pesticides. For example, this approach afords
scparation of the three main BIIC isomers. The technique is
especinlly useful for ruling out the presence of pesticides in-
dicated as possibly present by tho SE-30/QF-1 colunm, How-
cver, the relention times on two or morc stationnry phascs
cannot bo regarded as indcpendent paramcters of i(‘cntily
(Rominson 1967).

Derivatization and usc of characteristic GLC relention times
of the derivatives. As reported cardier (Ruvynotns 1069 ), our
Iaboratory has i { utilized ical renctions for con-
firmations of pesticide residues because the samples to be
analysed are F:ncully small and the amount of residuc is in-
sufficicnt to allow cflcctive application of infrared, mass, and
other spectroscopic methods,

~

The dorfvatization technique has been used by a number of work-
ers (Gunmen 1082, Koin et al. 1964, Hammence et ol 1965, Sans
1967, Purry and Wone 1967, Osanciux and Wanixss 1968, Cociinane:

" and Cnau 1968, Cuav 1869, Cuau and Cocrmang 1969, Wikncxe and

Bunxe 1089) and is fm'nlng in popularity. Success of the technique
usually deponds on the specific derivative remaining lipophilic and
therefore extractable with the organic solvent (ussally hexane) for
dircct analysis by the usual GLC-EC method.

A number o? chemical reactions is available, but two of the more

. broad-spectrum types that are quite uscful for the pesticides generally
found in wildlife are:

(1) Reaction with cthanolic potassivm hydroxide (mainly dchy-

* . drochlorination) to pgive. products with shorter retention
times. This is eflective for DT, DDD, and their isomers, »s
well as - and y-BIIG; the g-isomer is not aflccted.

bt () Reaction with hydrogen bromide/acctic anhydride reagent
1

1

to givo bromohydrin or bromoacetoxy derivatives with longer
. retention times. This reaction has been found useful for hep-
«  tachlor, aldrin, heptachlor cpoxide, dicldrin, and endrin,
©) Thin-layer chromatography. In spito of certain drawbacks with
~ - TLC for confirmation of small amounts of pesticide residucs
{ReyNoLns 1909 a) the technique e still valuable for the con-
frmation of DDE. TLC can uite usclul also for some
group scparation, as an ancillary cleanup technique, and for
semiquantitative estimation of some pesticide resicucs.

R RS AN .

IX. dentification of PCW's in samples

.. Data obtained by our lab in the course of work conducted
for The Canadian Wildlife Scrvice have demonstrated that PCB’s
are present in some but not all species of Canadian wildlife. Undoubt-
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edly the presence of PCB's has complicated the pesticide rridue
methodology, hut this complication camnot be :\vni(llwl H o meaningdnl
results arg to he obtained. Since not all samples contain PO,
would bo unwise to do a Florisil separation on all extracts hefoe
having some indication whether or not the scparation is necessary,
Accordingly our Inhoratory uses the approach deseribed below,

The samwlc lo be analysed s extracted, cleaed-up, and assayed

using the SF-30/QF-) column. Depending on the EC yosnlts, n deei-
sion is made whether or not 1o make a Florisil separation and check
further for the presence of PCR's. This decision is based on the as-
sumption that if there arc no apparent p,p-DDD and p,p’-1IY) peaks,
then the presence of PCB's would not be expected. The HDDD-DDT
combination Is chosen as the crilerion becanse peaks cight and ten,
two of the Iarger peaks in Avoclor 1254 and 1260 have identical reten-
tion times with p,p-DDD and p,p-DDT, respectively, Also, the PCB
components giving risc to peaks eighl and ten arc Jess likely to be
melabolized than the carlicr emerging compounds. Hence, if PCI's
(1254 or 1260 paitern) arc present, peaks should show up giving
apparent p,p-DDD and p,p-DDT values with the EC detection
system. )
Y Other uscful information regarding the presence of PCRs ean
be oltained from the initial gas chrematography. I the GLC patiern
(prior to PCB separation on Florisil) shows high “apparent”
pp-DDE with little or no p,p”-DDD and p,p DT present, then
all or most of the "apparent” DDIE is probably “true” DDE. This
is because peak five (the peak which interferes with pp”.DDE) in
the common I'CB commercial mixtures (Aroclor 1254 and 1960) is
rclatively small compared to the DDD- and DD T-interfering peaks
(cight and ten) as shown in Fipure 1 This rule has been home
out by TLC confirmation of DDFE in a nuinber of such cases.

As mcentioned above, the two niost commonly found PCB types
in wildlifc samples resemble Aroclor 1254 and 1260, Althougdy these
two Aroclors are quite similar in many respocts, certain differenees
in their GLC patterns, as shown in Figure 3, can be vsed to identily
onc from the other. With a higher chlorine conlent, Aroclor 1260
shows about 17 major peaks (SE-30/QF-1 column) comparcd to 14
with Aroclor 1254, Besides this, one other obvious major difference
is the peak-height ratio of peaks ten and 13. This ratio has rough
valucs of 9.3 and 1.0 for Aroclors 1254 and 1260, respectively.

Additional information regarding the I'CB mixtwe present in a
sample can be obtained by comparisons of other peak-height ratios
of the PCR standards and the PCB's in the sample. However, it must
be borne in mind that in practice one might be faced with complex
mixtures of PCB's rather than a single, specific mixture. In such cases
an average valuc scems to be the best compromise. The method of
estimating PCB’s described below attempts to take this into account.
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Althongh most of the carly reporls on the presence of PCBYs in
samplas indicated the Aroclor 1234 GLC patlern, more seeent work
by Koraan et al. (1968) and the author's laboratory has indicated
that & proportion of the specitnens docs contain the Aroclor 1260
GLC patiern. This apparent predominance of the Aroclor 1254 type
might have been due to its availability as a standard and Iack of
tho Aroclor 1260 type in the carly developmentol stages of PCB
methodology. The GLC profiles of a number of commercially available
PCB mixtures were determined using the SE-30/QI-1 column. These
are shown in Figure 4 and indicate that the morc highly chlorinated

—
L Lb bbbl de b bhhbblbbldia i bbbl il
[ s © » 20 25 30 as

T
Minutes

¢

Fig. 3. Comparissn of Asmclors 1254 and 1200. Chromatogram A: 5 np. of
. Aroclor 1254; the 14 major peaks are numbered 1 1o X1V as hw chroma-
togram B of Figure 1, Chromategram B: 5 ng. of Aroclor 1260; the 17
_major ponks are numbered 1 to XVIL (the cardy penks comespond to
‘thoso In Aroclor 1254). G1.C parameters ns in Figore J
‘

biphenyls (Aroclors 1254 and 1260) arc casily detected with the usual
operating parameters. On the other hand, the compounds of the lower
chlorinaled mixtures (Aroclors 1221, 1232, and 1242) and the higher
molceular weight mixtwes (e.g., Aroclor 5460) are less responsive
and are, therelore, more likely to go undetected under normal operat-
ing conditions. Apparently, the lowered sensitivity is duc to low chlo-
rine content in the first group and to high molccular weight with
resultant lung retention times in the sccond group. In both cascs,
thercfore, higher concentration would be a prerequisite to ensure
detection under normal conditions. This, as well as the possibility
of metabolism of the less highly chlorinated biphenyls (Korman et
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al. 19069), mif;hl explain the general absence or rarity of these com-
pounds in wildlifo samples.

It must not be overlooked, thercfore, that in the presence of Jarge
amounts of the lower chlorinated biphenyls (c.g., Aroclors 1221, 1232,

A

AR ARRANARARNARTNAA R AN ITARA IR
0 s o 15 20 kL] £ 3
Minutes

Fig. 4. GLC profics of the more popular Aroclor mixtures wnder normel analy-
tical conditions. Note: All peak mumbers correspond to those of Aroclor
1254. Chomntograms: A = & ng. of Aroclor 1221, B = 5 ng. of Araclor
1232, C = 5 ng. of Aroclor 1242, D = 5 ng. of Aroclor 1254, E = § ng.
of Aroclor 1260, and F = 5§ ng. of Aroclor 8460. GL.C paramecters as in
Figuro 1

and 1242) and negligible quantitics of the higher chlorinated bi-
phenyls (e.g., Aroclors 1254 end 1260), differcnt critcria would be
mecessary to detect PCB interfercnce. To date, this condition has
not been ercd in Canadian wildlife sampl
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As might be expected from the complex natme of the PCI mix-
tures nnd the chamical incriness of the individual compound=, the
confirmation of identitics of these mateyials s mmch more diflienht
than with the eiganochiorine pesticides. Thus, in the abuenee of o
mass speetrometer, confirmation of the PCI's is mainly by their G1LG

‘retention times and Fnllorns on the inixed and polar phase colinms

in conjunction with their non-reactivities with the two general reagients
used for the organochlorine pesticides.

The prior separation of the PCB's from the or“,nnnclﬂurinc peut
cides by the Florisil technique also aids in the {dentification of the
PCH's.

X. Estimation of PCB's

Since the PCH's are themsclves toxic, atlempts have been made
to estimate the amounts present in samples. It should, however, be
recognized that only rough cstimates can be made since pure stan-
dmrﬁ of the individual compounds in the mixtures are to date vnavail-
able, The situation resembles that of toxaphene estimation, but is
of greater complexity.

Kornman cf al. (1969) based their PCB estimation on the peak
of phenoclor DB having r, (relative retention time with dicldrin «~ 1
under his operating conditions) cqual to 145 Rusiamouen ef al.
(1969) cstimated the PCR's on the assumption that they have similar
EC responses to p,p-DDE and applicd a factor to fit the assumed
54 percent chlorine content of the PCWs. Junsen et al. (1969) 1c-

rted estimates as the sum of all the PCB components,

The author’s laboratory uses & method very similar to Korarax's
with the exception that an average based on two peaks js uwsually
employed. Should the two valucs before averaging vary to any extent,
additional estimations are made using other peaks, and all the results
are averaged. In the ease of a fow samples, the PCE level was ob-
taincd by averaging results from all the major peaks in the mixture;
however, the use of peaks cight and ten only has been found to
%icvc cqunli{ satisfactory results. Note that results are reporied as

ing based on Aroclor 1254 or 1260 depending on the ovetall G1.C
pattem. Peaks cight and ten were chosen because of their stability
(scc section on identification). In a later scction the above points
arc illustrated by analysis of resin powder taken from a fish hatehery

) _trough.

The total PCB rosults oblained by the method described may
bo slightly higher than the actual valucs because the carly emerging
PCB peaks (mainly onc, two, and threc) arc usually absent from
the chromatograms of sample extracts. 1owever, this should not affect
tho overall results greatly since these peaks represent minor compo-
neats in tho mixtures, Furthermore, there might be compensation,
since no attempt has been mnde to apply recovery correction factors.
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Polychlorobiphenyls 45

The method of estimation deseribed above appears o give a rea-
sonable cstimate of PCB contwmination hased on commaercinl PCR
mixtures. For absolute measurement of PCB content it would be
necessary to prepare slandards for the individunl PCI components,
and, even if these were available, tho determinations would be
comf)lcx and costly. Considering our present limited knowledge of
total ’CB toxicily and our even greater ignorance about the tovicity
of the individual components of the mixtures, it is doubtful whether
such accurato determinations would be meaningful at this time. As
stressed carlier, the most urgent need is for toxicological investigation
in this arca to Indicatc whether some of the PCB wmpounks are
more toxic or have greater sublethal cffect than others, as observed
with the BIIC Isomers. At that point it would hecomo cssentinl to
identify and estimate accurately specific individual compounds in the
mixturcs.

XL Separation of PCRB's from organophospharus compounds
by the Florisil technique

A Jimited amount of work has been carricd oul in our laboratery
to determine whether the Florisil column technigue is applicable to
the scparation of the PCB's from the organophosphorus compounds.
Preliminary results on thosc tested (phorate, diazinon, ronnc*, mala-
thion, parathion, methyl Trithion, cthion) indicate that they arc not
cluted with the ICD's by hexane, and can therefore be separated.
In comparison to the organochlorine pesticides, the organophosphorus
compounds generally require larger volumes of the cther-hexane miv-
turo for clution from the Florisil column, most likely beeause of their
morce polar nature.

As with the organochlorine pesticides, the presence of PCW's in
a sample extract will interfere with some of the more common organo-
phosphates when the EC dctection system is used. 1lowever, with
the use of a dual detector (EC - phosphale or thermionic) comected
to a dual-pen recorder, the efllucnt from & single injection containing
PCB's an orgm)ophos[;hn(cs can be split and diflerentiation made
as shown in Figure 5. Like the organochlorine pesticides, the YCBs
are not detected on the phosphate detector. Nevertheless, in the ab-
sence of a detector whicE is specific for phosphorus, the Florisil col-
umn technique can bo uscd to separate the PCB's from the organo-
phosphates to facilitate the analyses.

XII Residues of organochlorine pesticides and I'CB's
in Canadian wildlife

Following tl\e. approaches outlined, the author's laboratory has
analysed a f di idues of

wildlife spect for r
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Fig. 5. Differcntiation of Aroclor 1254 and organuphusphorus pesticides ucing
dual_ detectors and cfftuent split. C) g : organophaspliorus
dard pesticido mixture; peak ! 1 = 1.75 ng. of phoiale, 2 =
2.0 ng. o} dinzinon, 3 = G.an . of Romel, 4 = 13.0 ng. of mnlathion,
5= §0 ng. of ‘cnmthlnn. 6 = 15.0 ng. of mcthyl Yrithion, and 7 + 10.0
ng. of othion, Cl g B: binati gavaphospl mix-
ture (chromatogram A) and 10 ng. of Aroclor 1254 numbered T to XIV
as in chromatogram B of Figue § (& compromise of the IL.C, rexpome
fs necessary to obtain i P on the phosph detector).
P = phosphorus dctector and EC = clection eaplnre detcctor. Column
four pereent OV-100/six percent OV-210 on 60/80 mesh Chromasorb W
{AW); other GLC parameters s in Figure 1

organochlorine pesticides and PCB's. Some of the data on aquatic
birds from Western Canada are given in Table 1. The inclusion of
these tabulated results, which represent only a minor pmtion of the
total number of samples analysed, is intended to illustrate the types
of analytical rroblcms created by the presence of PCB's, and to indi-
cate potentinl errors duc to high levels of PCB's in samples.
Referring to Tablo 1, some general remarks arc in order:

1. The greater portion of the apparent DDE in samples is in fact
DDU. This is predictable from the comparatively smaller amounts
of apparent D})D and DDT, and has been verified by TLC.

2. A largo proporiion of the apparent DDD in the samples is due

. to PCB's. However, DDD is present in some samples.
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Pulychlorobiphenyls a7

3. Tho eflect of PCB contamination on DDT values fs less malad
than in the easc of DDD, but it is still substantial.
4. The apparent 1115 values are in most cases duc entirely to the
pesticide. This is somewhat jncongraous with the rest of the data
since peak four of the commercial PCB mixtures does inferfere
with I18. Dowever, this anomaly may be cxplained on the: basis
that the PCB component giving risc to peak four Is degraded ex-
tensively in the bird’s metabolic processes.
Based on all of the PCB estimates in wildlife samples noted to
date, ncluding those in Table J, the following general trends are
evident:
(a) Ac{unlic raplorfals generally contain higher residue Jevels of
pesticides and PCB's than other wildlife specics.
(b) High levcls of PCB's are found only in the presence of high
lovels of organochlorine pesticides (the resin powder mentioned
below is an obvious exception) but high levels of organochlorine
csticides are nol necessarily accompanied by high Jevels of PCH's.
{,c) The most abundant I'CB types dctected are those which show
Aroclor 1254 and 1260 patterns and, therefore, fit well with the
rroﬁmscd method of quantitation. However, it should not be over-
ooked that with the present residue methodology some other PCB-
type compounds might go undetected.
6. It is important to measuse moistuic and fat content of samples
in conjuonction with residuc levels. This allows for reporting on
’ wel-, dry-, or fat-weight basis. However, caution should he used
when reporting residnes in wildlife samples, for example, on a
fat basis when the fat conlent is very low. Such figures can he
fnacenrate as well as highly misleading.

=

The gas chromatogram of a typical sample showing the presence
of PCH's is given in Figure 8. It indicates the Aroclor 1260 patter»
and was obtained from a duckling found dend in the Toronto arca
in the summer of 1069,

A good example of PCB's showing up i uncxpected places oc-
curred recently. A wildlife biologist was faced with the problem of
fish dying in a hatchery for no apparent reason. He scraped some
of the resin powder from the hatchery trough and found, surprisingly,
that experimental fish were suscrpli{))c to even a dilule snllnlinn of
the powder. Ho submitted a sample of the resin powder to the author’s
laboratory, and upon analysis a typical GLC pattern of PCI's ( Aroclor
1254 typc) was obtaincd. This is shown in Figure 7. Using the meth-
odology described carlier in this review, the sample was found to
contain PCB's but no pesticides. Bascd on calculations from 11 fndi-
vidual penks of Aroclor 1254, the PCB concentration was estimaied
at 35 p.p.m (range 25 {o 40). Using the average results based on
peaks cight and ten only, the PCB estimato was 29 p.p.m. This is
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Table L Organochlorine residues (p.p.m. on a wet-weight besis) in Canadlan equatic birds as measured before and after PCB
Florisil separation .

LT —— 1 ot o |
R
"
.
I
,

I

q
1
!’
i
|
t
\
!

s
pp-DDD »2’-DDT ]| HE
Description of p,p'- i Diel- PCBr
imen® DDE? | drin*
Fpee Before {ype| ga| Before |apotp.| Beon 4 oae g ) :
(sppareat) (apparent) (sppareat) .
California Gulls
! Abd. fst bird 1 241 1.36 3.18 NDr 0 3.17 ND o ND ND — 1 §0.8 .
I Abd. fat bird 2 138 1.02 1.02 ND 0 1.04 0.14 7 0.23 ,; 022 961253
I Abd. fat bizd 3 240 1.23 2.63 ND L) 3.47 0254 7 0.19 b0.21 10™ 1 62.6 -
| Abd. fat bird 4 246 1.9 1.59 ND | o4 24 1.27 ) 53 ND ND [ = ;36.7 .
it Abd. fat bird 5 169 1.78 171 ND 0 2.05 0.35 17 0.33 0.19 58 1 23.2 K
. Abd. fat bixd 6 296 1.51 3.09 ND [ 3.33 1.09; 33 0.42 0.36 87 123.9 =
N Brain bird 7 3.6 0.4 0.04 ND o 0.04 ND 0 ND ND — 0.81 b
e Liver bird 7 15.7 | 0.07 0.11 0.02 14 0.11 0.01 2 0.03 0.03 7y, 1.69 3
( ; Ovary bird 7 2.9 0.12 0.17 0.04 ! 24 0.23 0. 8 0.05 0.04 $i 2.2 §
i Abd. fat bird 7 416 1.93 4.84 0.3¢ 7 4.43 0.621 14 1.19 0.78 65 | 35.4 -
. Eggares 1 31.80.19 0.20 ND o i 0.25 0.08 | 33 0.07 0.05 65 1.74
C Egg area 2 2.9 |0.09 0.11 ND 0! 0.11 0.02] 18 0.01 0.01 93 1.57
o D.C. Cormorant Eggs |
. Sample 1 area 3 3.3:0.11 Q.11 ND [ 0.12 0.03 | 22 0.01 0.01 100 1.84
) Sample 2 ares 3 3.310.10 0.12 ND 0 0.12 0.02 13 0.03 0.03 110, 2.21
S 10 pooled area 4 3.510.21 0.03 ND 0 0.07 0.03 | 41 0.03 0.04 106 0.67
' Mallard Duck Eggs )
: 10 pooled area ¢ 0.2 0.08 0.01 0.01 | 89 0.15 0.15 | 100 0.01 0.01 100 . 0.09
N Common Tern Eggs | l
; Sample 1 aren 5 33.3,0.15 0.17 0.02, 13 0.26 0.1 1 51 ND XD -_— 1.57
Sample 2 area 3 I 3.1!0.02 0.06 ND; o 0.16 0.15| 90 ND ND — | 094
Great Blue Heron Eggs, ; I 7 |
Sample 1 area 5 i 8.0 | 0.05 0.27 0.27 | 19 041 0.42 | 102 0.02 0.02 | 94 'T.-sce'
i

R
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1
a4
g

b fat bird 7 R N T 1065, 14, LY 958
Eggorca l ¢ 21.810.19 - 9.20 '« D 0. 0.2% P9.08, 32, 0.9 + 9.83 1
Exg ares 2 Fzaiom; ou "yxp, o] o1 je.02; 18| o001 | o0t i
.C. Cormerant E; : H | i ) : !
é’..,..,.,,.s 1 o33ioa! ou ixp! ei o1z lewmiz! oo ! om o0} 13s
Sample 2 ares 3 | 33:01| o1z [¥D| oi ou2 ‘o.oz 13 0.03 0.9 L1100} 2.21
W0poisdarad | 35:021] 0.6 3 D : ol 0.07 |0 4| o3 0.04 |ms; 0.67
tard Drack E
:)‘;o!ed :.—uf’ i 0.2 ’| 003} o001 o0t ! 80 | 0.1s | o.xs'l 100 0.01 0.01 xco'i 0.79
Common Tern Eggs ! | . I
Sampie 1ares 5 | 33.3 ' 0.15! 0.17 loo2| 13 0.26 - 45| sty ND ! ND | —, 17
Sample 2area5 | 5.1 o.oa! 005 |ND| of o016 o.mi »! D I xp | — l 0.94
Great Blue Hewon Eggs,
Sample 1 ares § I 8.0 i 0.05 [ 0.27 {027 i 1004 0.41 o.ui 102 |' 0.02 ' 0.02 ' % | Tracer
i
. Table L (continued)
]
»,9-DDD 2.-DDT l HE
Deseription of p,p- | Diel | PCB
1 Ty it
specimen DDE* ; drin Before | pperi ga | Before |, 0| gy Befors Atter | %4
(spparent} I (apparent) ' i (spparent)
i ! |
Sample 1 arez. 8 24.0 0.42] 0.33 o27| st! o0as |00 57 {015 0.12 | &! 341
Sample 2 area 6 mw3ios| o.07 ND ! o| o030 |02 7! 010 | Treew|— | 1.93
Sample 3 sres § 13.7 1 0.74 1.63 1701 104)  0.08 | 0.06) 69 0.03 0.05 {1C0| 1.03
Semple 1 arca 7 135(007| o0.07 005! 64| 003 0.02| 33 0.02 | Traser| — | 0.57
Sawple 2 ares 7 3.7 | 0.C8 0.12 N2>, oo 0.14 0.03' 18 0.02 Tracee | — 1.38
Sample 1 ares 8 6.3{0.63; 0.09 0.05] 49| 0.64 [oo01l 22! o2 o.00 | 52! 053
Sample 2 ares 9 9.110.07! 0.08 0.03| 82 * 0.07 | 0.05! 70 | 0.03 001 | 4| 033

* These specimens are from wes‘era Canads (Vrruess and Revvoros 1979).

3 These are “‘Before PCB-Florisil s=paration” values anc are likely ¢o irclude PCB contributions. Tae "After” values (which do
pot chaage signiSeant'y from the “Before” valtes) ars not given besuse the PCB pesk £ve /the DDE-interfering posk) of Arocior
1254 or 1280 is not separated from DDE by this method, but, as discussed carlisr, the PCB con’ributions to t2e DDE vaiucs sre
expected t0 be refatively small compared o the cootributions to DOD or DD

¢ These are “‘Before” values. The “Aftar’’ values (ot given) are g2* sigpiScantly dierest from tte “Befors™ velues since there iy
no direct PCB interference. However, in the toesence of hizh leve!s of DDE, low levels of dieldrin will e mesked. [asuch casaga
separation (e.g., PCB-Florisil techniqus) is necessary, acd the “After’” valuc wou!d be reported as the dieldrin level.

‘o - After value

Before vaiue

¢ Values (p.p.m.) based on peaks eight end tea of Aroclor 1254,

/ ND = none detested = <.CCOL p.p.m.

s Trace = <0.001 p.p.m_

X 120 and iadi the p tage of the total apnareat pesvicide level that was actually dus to the pesticide.
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Fig. 8. Typical sample indicating the presenco of PCIVs of the Aroclo 1260
type in & duckling from the Toronto arca. Chromatogram A: § ng, of
roclor 1260 numbrred 1 to XVI1 sz In chromatogram B of Figwe 3.
Ch B: tho cquivalent of 0.35 mg. of duck sample (herane
potion of Florisil spin). Noto tho DD contribution to FCB pesk V.

GLC paramcters as In Figure 1

x|

tummuummu.m;mmm.u,.lummuuumm.hmuum.
0. ..8._ .. 0 » 0 K » EL]

Minutes

Flg. 7. Resin powder extract indicating the presence of PCI's of the Araclor
1254 l{p\‘. Chromatogram A: 5§ n§. of Aroclor 1254 oumbered 1 to XIV
» In chromntogram B of Figure I. Chromatogram B: The equivalent of
0.02 mg. of resin powder extract (hesanc portion of Flarlsil split),
pumbered 1 to XIV as in Aroclor 1254, GLC parameters as in Figure 1
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Polychlorobiphenyls 51

an interesting example of PCW's causing contamination as a direct
result of industrial application,

With regard to the Florisil technique for the sc
from posticides, one fmpos tunt modificalion to the ariginal method
(Rteynowns 1969) is now used routinely in the wildiife studies, Ovigi-
mlly the scheme was dcsigncd to accommadate simnhnn(:uusly both
the cleanup of the sample extract and the scparation of PCH's. Tow-
ever, ns pointed out carlicr in this revicw, not all samples contain
PCB's. Consequently, for general samples, to avoid unnccessary split-
ting; of all snmple extracts (cach s&ﬂil doubles the number of cluates
to he chromatographed), a nonnul cleanup including a Florisil col-
wom, but no diflerential clution, is conducted, The Ylovisil-PCB scpa-
ration is then carried out on the cleancd-up extract, if it Is required,
tnder these conditions smaller columns have heen found to be as
cfficient as the larger columns used in the eriginal method, and there
is a substantial saving in the amount of reagents required. )etails
of the modificd procedure are as follows:

A ginss column (44 om. X 1 em, L.d. having & 50-ml. reservoir on top) h
packed with 30 em. (~10.7 g.) of Florisil (607100 mesh, Floridin Co.,
pesticide grade, stored at 130°C. unlil ready for use) and topped with a
2.em. lnyer of anhydious No,SO.. The samplo extract of shomt 5 ml.
(n-hexane) 45 added to the column, The first clution which removes
PCIs, heptachlor, aldrin, and DDI, & effeeted with 00 ml. of n-hexane
{Nanograde, Mallinckrodt). The remaining pesticides sre then nled
with 40 m. of B0 percent cthyl ethor in hexane.

Notc that in filling the columns, the Forisil is packed down by gentle
tapplng, snd the sample cxtraet is added to u diy column, Le, no pre.
wetting. After the first clution the recciver is changed as soon as the last
of the hexano mects the Na,SO.. It shonld he noted also that with anc
hatch of pesticide grade Florisil, some ICD peaks (two, six, nine, 11)
showed partial clution in tho sccond cluate. These, howcever, sre com-
paratively minor peaks and do rot interlere with any of the common
organachiloring posticides. As thore are differonces in balches of Florisil,
the procedurc has to be checked out fully prior to application to sctual
samples. Modifications of volumes, cte., may be ncecssary to effect the
desired separation. It s likcly that adsmbents other than Florisil, eg,
silica gol or alumina, will give simllar scparation of PCP's from pesticides
but theso have not been investigated to dato, )
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Tablo JI. Chemical designations of pesticides mentioned in text

Penlioldo Chemical nnme

sldvin 1,2,2,4,10,10-keanchloro-1,1,4,5,8,8n-hexahydro-3,4-endo,
ex0-5,8-dimethanonaphthalene

»,p-DDD (TDE)  2,2-bis(p-chlorophenyl)-1,1-dichlorocthane

.2 -DDE 1,1-dichlcre-2,2-bis(p chloraphenyhethyk

Y

p.p-DDT 1,1,1-trichloro-2,2-bis(p-chloraphenyl)ethane

dinzinon 0,0-diethyl-0-(2-isopropy)-4-methyl-0-pyrimidyl)-phos-
phorothionte

dieldrin 1,2,3,4,10,10-hexachloro-0,7-opox y-1,4,4n-5,6,7,8,8n-orla-
hydro-1,4. endo, exo-5,8-dimethnnonaphihalene

ethion 0,0,0',0'-tcts acthyl-S, 5" methylene bisphosphorodithionte

hoptnchlor 1,4,5,6,7,8,8-heptachlore-3a,4,7,7n-lotrahydro-4,7- endo-
methunnindene

heptachior cpoxide  1,4,5,6,7,8 8 -heptachlore-2,3-cpoxy- 3n,4,7,7a-teirahydro-1,
7-mcthonoindanc

lindane (+BIIC) ¥1,2,3,4,5,6-hexachloracyclohexune

malathion 8-(1,2-bis(cthoxy earbonyliethyll2,0-dimeths! phosgherodi-
thioata

methyl Trithion 0,0-dimathyl S-(p-chlorophenylthio) methyl phoaphorodi-
thionto

parathion 0,0-dicthyl O-p-nitrophienyl phosphorothionte

El:)nto (Thimot) 0,0-dicthyl S-{cthylthic) methy) phospberedithioate

nnol dimethy! 2,4,5-trichlorophicnyl phosphorothionate
Summnry

Since 1966, PCB's have heen detected in fish and wildlife, espe.
cially fo Europe and North America. Contaminalion from industrial
wastes via the watcr ways appenrs to be the main source of PCIWs
in aquatic spccies. The PCl's have many hnportant indusirial uses
but are not utilized as pesticides.

Due to their similaritics in structure and properlics to the organo-

- chlorine pesticides, the PCB's tend to interfere with accurate GLC-KC

determination of organochlorine and many organophospliorus pesti-
cides. In addition to their interference with peslicide residue analysis
the PCB's arc themsclves toxic so that their quantitation fs desirable.

A method for rccognising tho grozcnce of PCB's in samples, sep-
srating them from pesticides, and determining the pesticide levels
accuratcly is described. Simultancously an cstimate of total PCB con-
tent is afforded.

e S
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Polychlorobiphenyls 1

The residue data of some Canadian aquatic birds indicate that
high Jevels of PCW's arc found only in the presence of corresponding]
high levels of the DDT pesticide group. On the other hand, high
organochlorine pesticide levels are not necessarily accompanicd ty
high PC3 content,

Further rescarch on toxicity and sublethal cffeets of PCB mixtures
and their individual components is required. If particular components
are shown lo be more toxic than others, refining of the PCB quantita-
tion methods will be necessary

Résum¢*®

Analyso do résidus do pesticides en présence do
diphényls polychlorés

Depuis 1966 des diphényls polychlorés (IPCBs) ont été détectés
dans L:s poissons ¢t e gibier, particulitrement en Furope ot en
Amérique du Nord. 1 apparait que fa présence de PCBs dans fa
faunc aquatique soit due principalement & Ja contamination des conrs
d'cau par des déchets indnstricls. Les PCBs sont utilisés pour un
grand nombre de procédés industricls importants, mais ils ne sont
pas appliqués comme pesticides.

Etant domé que Ja structre ot Jes propriélés des PCBs sont
scmblables & celles des posticides organochlords, ils ont tendance A
fausser Ja détermination exacte des substances organochlorées o
organophosphorées lors d'analyses par chromatographic en phase
gazeuse vin capture d'électrons. En plus de leur interférence lors
de Fanafyse des résidus des pesticides, les PCBs sont cux-mémes des
composés toxiques dont Ja déterminntion quantitative est souhitable.

Le présent article contient unc néthode qui permet de recmnaitie
Ia présence des FCBs dans des échantillons ct, en méme temps, de
les sépaver des pesticides dont le taux de résidus peut &re exactement
déterminé. La méthode permet également une estimation du contenu
total en PCRs.

Des résultats d’analyses portant sur des oiscaux aguatiques cana-
dicns indiguent quun taux élevé de PCBs cst lié & un taux devé
de résidus de pesticides du groupe DDT. D'autre part, des taux élevés
de résidus de substances organochlorées ne sont pas nécéssairement
accompagnés d'un taux élevé de PCBs.

Des recherches supplémentaires sur la toxiciié et les effets sub-
1étaux des mélanges de PCBs ct de leurs composés individucls seront
néodssaires. Si on peut démontrer que dos subst particulitres
sont plus toxiques que d'autres, on aura besoin d'une méthode plus
spécifique permettant Panalyso individuclle des PCBs.

® Teaduit par H. Censpthoen.
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Zusammenfassung®

Dic Analyse von Pllanzenschutzmitte] Riickstiinden in Gegenwart
von Polychlordiphenylen

Scit 1966 werden Polychlordiphenyle (PCB-Stoffe) in Fischen und
Wildticren, besonders n Luropa uad Nordamcrika, nachgewiesen.
Dic Verschmutzung der Wasserwege durch Industricabfiille scheint
dabei dio ITauptwrsache von PCB-Riickstiinden n der aquatischen
Fauna zu scin. Dio PCB-Stoffc werden fiir eine Anzahl wichtiger
Industricprozesse gebraucht, als Schiidlingsbekimpfungsmittel werden
sio judoch micht eingesctzt,

Da die PCB-Stofle in threr Struktur und in fhren Figenschalten
den chloriciten  Kohlenwasserstofl-Insoktiziden schr  Ehnlich  sind,
konmen sie dic gaschromalographische Bestimmong mit Elckironen-
cinfang:Detcklor von chlorierlen K(lh'('mvnu(:rxlnﬁun und mancher
Phosphorsiiurcester  verfiilselien, Die PCB-Stoffo kinmen nicht nue
Riickstandsanalysen beeintriichtipzon, sondemn sie sind sclbst toxische
Substanzen, deren Nachweis sieh auldriingt.

Im vorlicgenden Artikel wird cine Mcthode beschrichen, die es
erlaubt, das Vorhandenscin von PCB-Stoffen in Praben nachznwcisen,
sic von den Schiidlingshekimpfungsmiticln abzutremnen und  die

" . Riickstindo der Jetztern genau zu  bestimmen, Daviber hinuus

goestattet dic Methode, den Totalgchalt an PCB-Stoffen abznschiitzen.
. Rilckstandsdaten ciniger kanadischer Wasservigel welsen daran{
hin, dass hohc PCB-Konzentrationen nur in Gegenmwart hoher

" ... Ritckstiinde von Substanzen der DDT-Gruppe auftreten. Anderseits

.. sind hohe Riickstiitnde von chloricrlen KohlenwasscrstofT-Inscktiziden

-+ nicht unbedingt von hohen PCB-Konzentrationen begleitet.

Weitere Untersuchungen iiber die Toxizitit und dic sublethale
_Wirkung von PCB-Mischungen und ihrer individucllen Komponenten
- sind angezeigt. Sollic cs sich dabei ergeben, dass gewisse Finzelstofle

" _ toxisther sind als andere, wird cine Verfeinerung der Nachweis. und
1. Bestimmungsmethoden fiir PCB-Stoffe notwendig,
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