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1. Introduction

Although there has been so much discussion on the pros and cons
of pesticide use, it would be unthinkable to start this review without
a few comments on the controversy. The recent banning of DDT
by some countries and the widespread and increasing animosity to-
wards the use of the organochlorine peshmdes in .general are due

to a number of factors including:

a) The large annual additions of the pesticides to the environ-

ment coupled with their apparent persistence.
b) Their known acute toxicities.

c) Their widespread distribution in biological materials and their

reported buildup in the food chains.

® Ontario Research Foundation, Sheridan Park, Ontario, Canada.
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d) Their more recent implication in the derangement of calcium
metabolism (Peaxary 1967, Somas 1967, WeLcH et al. 1969)
possibly causin%mthe decrease in eggshell thickness and the

opulation decline of certain raptorial species of birds
Rarcurrre 1967, Hickey and ANpErson 1968, Sticker 1969).

e) Their adverse effects on fish reproduction { Burpick et al. 1964)
and high residue levels found ir Coho salmon in Lake Michi-
gan in 1969. _

f) Certain “fears™ involving chronic toxicities and sublethal doses
with possible deleterious effects on man and wildlife and the
ultimate survival of man.

The above factors are very compellirg and certainly warrant man’s
concern about the threat to his environment and his very existence.
Nevertheless, one cannot deny that thes=> gesticides have been impor-
‘ant in ensuring the supply of man’s rapidly increasing food require-
snent and in the protection of his hea'th, as well as the saving of
raillions of lives. Surely, this is a case where the benefit-risks equation
ts well as the alternatives to the organochlorine pesticides should
le carefully studied and evaluated to avoid the possibility of getting
iato a worse predicament.

It was quite ironic when recently a large city publicised that,
tecause of an impending ban on DDT, the garbage collector would
Fick up separately all home garden spravs and other materizls which

.conteincd even traces of DDT. The material that had been used
more than generously and cherished for almost 30 years had suddenly
b.:come monstrous even in trace quantities. Wasn't there much greater
danger posed to the collectors, children, and animals by such collec-
tion than if the home supplies had been allowed to run out gradually -
with no chance of replenishment?

In fact, the announced bans on DDT so far are generally not
total, and hence serve the same purpose as merely tightening the
control on the uses of such pesticides. In other words, when it is
necessary, and until suitable and satisfactory replacements are avail-
able, limited and judicious use will be made of these pesticides.

With regard to the use of substitutes, caution is essential to avoid
premature use of any compounds. It is now known that potentiation
(or antagonism) of toxicity is possible with certain combinations of
pesticides and with combinations of pesticide and drugs or environ-
mental chemicals (Dugors 1968). A compound might be fairly safe
by itself yet harmful in the presence of others.

It is a fact that even if suitable substitutes were found and the
use of the organochlorine pesticides was banned completely, a need
would still exist for at least a number of years to have reliable analyti-
cal methods for the determination of their residues. The present re-
view discusses the status of organochlorine pesticide residue analysis
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Polychlorobiphenyls ' 20

with particular reference to serious inaccuracies caused by the pres-
ence of polychlorobiphenyls (PCB's) in some samples. :
As would be expected, in order to cope with the numerous new
esticides that have been put into use, pesticide residue methodology
Eas changed drastically over the years. Zwec (1963) pointed out
that until about 1940, the life of an analytical chemist working in
the pesticide field was a relatively serene one in which the chemist
had to be familiar only with analytical methods for arsenic, lead,
fluoride, pyrethrins, rotenone, and a few others. Just about ten years
back, DDT and other organochlorine compounds were estimated by
colorimetric methods (ScuecTer et al. 1945) which obviously did
not give precise information on the amounts and identities of the
individual compounds present. :
Today’s residue methodology is much more complex, and in order
to cope with the new pesticides being introduced, the techniques
are constantly being modified and improved. The wide variations

in toxicity and persistence of pesticides, new or old, dictate refine- .
“ments in meth in order to differentiate and determine individual

residues. : :

Bearing in mind the complexities mentioned above and the fact
that the spray history of most samples (excluding controlled spraying
experiments) is unknown to the analyst, the availability of chromato-
graphic techniques which afford separation 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) separation with electron
capture (EC) detection is presently the most popular analytical com-

. bination for organochlorine pesticide residues.

Multi-residue analysis involving GLC generally involves five prin-
cipal steps:

a) Sampling to procure a representative aliquot of the sample.

b) Extraction of the residue with a solvent (usually organic since
most of the organochlorines (OC’s) and many of the organo-

. phosphates (OP's) are fat soluble). :

c¢) Cleanup of the extract to remove interfering materials such as

. fats, waxes, pigments, etc.

d) Analysis of .din cleaned-up extract, generally by GLC-EC
technique. .

e) Confirmation-of the pesticide identity.

Certainly there are a great number of variations in carrying out
these steps, depending on the nature of the pesticide and its substrate,

*Editor’s note: See Burxg, J. A.: Development of the Food and Drug Ad-
minfstration’s method of analysis for multiple residues of organochlorine pesti-
cides in foods and feeds. Residue Reviews, this volume.
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the limit of detectability required, and the laboratory staff and equip-
ment available. It is beyond the s:ope of this review to discuss any
of these methods in detail. Furtherziore, GUNTHER (1962) and SaMuUEL
and Hopces (1967) have reviewea this topic adequately. Accordingly,
this review will deal mainly with problems involving PCB’s and re-
lated compounds. No attempt will e made to review gas chromatog-
raphy for pesticide residue analysis. Burke (1965) has discussed some
Eractical aspects of this topic, while "THoMPSsON et al. (1969 and 1969 a)

ave evaluated different gas chrom::tographic columns for chlorinated
pesticides. i

P T

Before discussing the PCB’s and their interference with pesticide -

residue analysis, some? key refereices in the English language on
residue methodology are appropriaie. These are listed alphabetically
as follows:

1. Advances in pest control reseacch, vols. 1-8. New York: Inter-
science (1957 et seq.) :

2. A guide to the analysis of pestizides by gas chomatography, 2nd
ed. S. T. Preston, Jr. Evanston, !1L.: Polyscience (1968).

3. Analysis of insecticides and acsricides, Gunther and Blinn. New
York-London: Interscience (1953). :

4. Analytical methods for pesticides plant growth regulators and food
additives, vols. I-V, Zweig. Ne'v York: Academic Press (1963).

5. Guide to the analysis of pesticice residues, vols. 1 and 2, Burch-
field and Johnson. U. S. Public Health Service, Office of Pesticides,

- Washington, D. C. (1965). :

6. Manual of methods for the determination of residues of Shell
pesticides, Shell Chemical Compcny, Agricultural Chemicals Divi-
sion, New York -(1969).

7. Official methods of analysis, Association of Official Analytical
Chemists, 10th ed. Washington, D. C. (1965).

8. Pesticide analytical manual, vols. I and II, U. S. Department of
Hedlth, Education, and Welfare, Food and Drug Administration,
Washington, D. C. (1968). :

9. Pesticide residue analysis handbook, Bonelli. Wilkins Instrument
and Research, Inc., Walnut Creek, Calif. (1963).

10. Residue Reviews, vols. 1-34. Gunther. New York: Springer-Verlag
(1962 et seq.)

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

* Editor’s note: There are now more than 85 books concerned with pesticide
residues including 60 that discuss analytical methodology in some respects; eight
countries are represented by the authors. GunTHER, F. A.: Pesticide residues in
the total environment-Reliable detection and determination, mitigation, and legis-
l(ativ% )control and surveillance programs. Pure and Applied Chem. 21, 355

1870).
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certain pesticide residue analyses. In general, the methods described in
these ;eferences can be modified 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 residue chemists have observed unidentified peaks
on their gas chromatograms. Generally, there was no specific pattern
to these peaks, but analysts concerned with pesticide residues in wild-
life, especially in Europe (Rosuan 1963, Harrison 1966, Horpen and
MarspEN 1966), sometimes observi:d a particular series (with as many
as ten or more peaks) of the unilentified peaks in their sample ex-
tracts: The materials giving rise to these unidentified responses
occurred most frequently and in the largest proportions in extracts

- from aquatic raptorial species of b'rds and fishes. The gencral supposi-

e tion was that these responses were from condensation products of

' the metabolites of the organochlor.ne pesticides, since they were gen-
erally observed when large amownts of pesticides were also present.
RoBurN (1965) reported them to e organochlorine compounds with
fairly high chlorine contents, which no doubt accounts for their hx;ﬁh
sensitivities to the EC detector. dowever, Jexsex (1966) was the
first to state that these unidentified peaks corresponded to PCB com-
pounds, based on the analysis of a number of pike samples, an eagle,
and human hair. Initially, the GLC and thin-layer chromatographic
(TLC) p4tterns and chemicdl inertness were used to identify the
unidentified peaks as PCB’s ( Jexsex and Wiagark 1967).

Other workers in Great Britain (HoLaEs et al. 1967, HoLbeEN and
MarspEN 1967) and the Netherlands (Koeatan et al. 1967) also made
early reports on the presence of PCB’s in their fish and wildlife
samples.

At the Organisation for Economic Co-operation and Development

" (OECD) Conference on “The Unintended Occurrence of Pesticides
in the Environment,” held in Scotland in September, 1967, the Euro-
pean chemists in particular showed much concern regarding the pres-
ence of PCB’s in their wildlife samples and the possibility of inter-
ference with their organochlorine pesticide residue analysis. Up to
that time, there had been no report on the occurrence of these mate-

- rals in North American samples. However, in a December, 1967,
report on organochlorine pesticides in seals and porpoises, HOLDEN
and MARSDEN included a comparison of the amounts of PCB-type
materials found in Scottish and Canadian samples. They reported
that the levels of these non-hydrolysable materials were generally
much lower in the Canadian specimens. Since that time RisEBROUGH
et al. (1968) have reported that the PCB’s are widely dispersed in
the global ecosystem, while REv~oLps (1968, 1969, and 1969 a) has
found them in some Canadian wildlife samples. :
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~ Positive confirmation of th: PCB’s by gas chromatography-mass
spectrometry (GC-MS) has nc'v been reported in Sweden (Wrnaaax
1967), the Netherlands (KoEMAN et al. 1969), and in the United
States (ReicueL 1969).

II. PCB interference with pesticide residue analysis

- The polychlorobiphenyls (3{ indicates the possible chlorine posi-
tions) and related compouncs (polychlorinated triphenyls, naph-
thalenes, terpenes, etc.) have bu-

x—X ¥—X merous important. industrial uses but
xx are not used as pesticides. Because
N of their similarities in structure and

: X x X properties to the DDT pesticide
group, the PCB’s—if present in a substrate—are carried through the
usual pesticide extraction and -creening procedures, and since they
possess electron absorbing prooerties, will interfere with GLC-EC
analysis of organochlorine as well as a number of the organophos-
phorus pesticides (Reyxorps 19(9 b).

The reported GLC patterns indicating PCB interferences have
shown marked resemblances w.th ‘Aroclor’ 1254 and 1260 (JenseEn
and Wmaark 1967, Howaes ef al. 1967, Reyxowps 1968 and 1969,
and KoeMyaN et al. 1969). This type of interference with pesticide
residue ancolysic is demonstrated with a standard mixture of organo-
chlorine pesticides and a commercial PCB mixture (Aroclor 1234)
in the chromatograms of Figure 1. The results confirm that the pres-
ence of PCB’s in the sample extracts will cause interference with
pesticide residue analysis under these or similar operating conditions.

It should be emphasized thzt throughout this review when the
term “PCB” is used, this includes the polyvchlorobiphenyls and also
the other closely related compounds mentioned above. However, the
polychlorobiphenyls are the most important from the point of view
of interference with pesticide residue analvsis. Under the GLC operat-
ing conditions, the chlorinated polyphenyls and other related com-
pounds with molecular weights greater than the chlorinated biphenyls
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 presence 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 by the early emergence of unusually broad interfer-
ing peaks on the chromatograms. “Secondary interference” is a term
used by the author to imply that the interfering peak does not have

T DSW 373593
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the same retention time as that of the compound of interest under
the same operating conditions. The interfering peak often originates
from a previous injection and caanot be simply repeated. Of course, -
if the elution time is very long the peak might be broad enough
to escape detection and in such a case would not interfere. In contrast

/] S 10 15 20 25 30 35
Minutes

Fig. 1. PCB interference with organochlorine pesticide residue analysis on four
ggrcent SE-30/six percent QF-1 on 60/80 mesh Chromosorb W, %" X 6
rosilicate column. Chromatogram A: standard mixture of organochlorine
Eesticides; peak numbers: 1 = 0.08 ng. of lindane, 2 = 0.10 ng. of
eptachlor, 3 = 0.10 ng. of aldrin, 4 = 0.14 ng. of heptachlor epoxide,
5 = 0.20 ng. of DDE, 6 = 0.20 ng. of dieldrin, 7 = 0.30 ng. of DDD,
and 8 = 0.50 ng. of DDT. Chromatogram B: 5 ng. of Aroclor 1254 (the
14 major peaks are numbered I to XIV). €hromatogram C: combina-
tion of above organochlorine standard pesticide mixture and Aroclor
1254, Injector 250°C., column 200°C., detector base 250°C., N, at 20-
30 cc./minute

to this type of interference, materials which have identical retention
times will cause “primary interference” which is easily repeated by
reinjection of the extract. With this form of interference a single,
sharp peak is obtained, and in the absence of confirmatory and other
precautionary measures, misinterpretation can occur easily. PCB-type
interference falls mainly in this group.
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IV. Uses and propertes on PCB’s

In order to understand how it is passible for PCB'’s to be afresenl:
in wildlife and cause interference wi h pesticide residue analysis, it
is necessary to give a brief description of some of their properties and
uses. The PCB’s are produced and ma *keted under a number of com-
mercial trade names, e.g., ‘Aroclor,” ‘Clophen,” and “Phenochlor.” Koe-
MAN et al. (1969) reported marked resemblance between Aroclor
1260, Clophen A60, and Phenochlor L'P6. The “Aroclor’ plasticizers, a
series of chlorinated biphenyls and chlc rinated polyphenyls, are typical
of these compounds. As stated by the manufacturers (Monsanto .
Co. 1967), the ‘Aroclor’ compounds are among the most versatile
chemically produced materials availal le. They vary from mobile, oily
liquids to white crystals and hard tran.parent resins. They are non-oxi-
dizing, inert, permanently thermoplistic, of low volatility, non-
corrosive to metals, insoluble in water, and resistant to alkalies, acids,
and corrosive chemicals. The viscous, more highly chlorinated liquid
and resin members do not support ccmbustion and they impart fire
retardance to other materials. The crystalline ‘Aroclor’ compounds
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 prolective coatings, as placticizers
and extenders, as sealers in water-p: oofing compounds and putty,
©in asphaltic materials, printing inks, waxes, and synthetic adhesives.
Liquid PCB’s are used as dielectrics, as hydraulic fluids, in thermo-
stats, in cutting oils, as extreme pressure lubricants, as grinding fluids,
and as heat transfer media. Solid PCB’s are used to impregnate carbon
resistors and as sealers in impregnating agents for electrical apparatus.
The properties of many products can be varied and improved by
the use of these-compounds either as primary or secondary plasticizers.
Further details concerning the different ‘Aroclor’ series, the grada-
tion of their properties, and the numerous possible applications can
be found in the manufacturer’s technical bulletin (Monsanto Co.
1967). In the system of designation for the ‘Aroclors,’ the first two
digits indicate the type of material, while the last two digits give
the approximate weight percentage of chlorine in the product. For
examFIe, “Aroclor’ 1254 indicates a chlorinated biphenyl with approxi-
mately 54 percent chlorine, while “Aroclor’ 5460 indicates a chlorinated
triphenyl containing about 60 percent chlorine.

)

‘V. Possible modes of entry of PCB’s into the ecosystem

The means by which PCB’s enter the ecosystem to contaminate
fish and wildlife are still not clearly understood. There are however,

DSW 373595
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four most likely pathways by wtich PCB’s enter fish and wildlife:

a) Because of their inertiess and versatility and consequent
numerous applications, it is quite conceivable that PCB’s
could be flushed as wastes into rivers, lakes, etc. to pollute

{ fish and other wildlife. : _

3 b) There is a possibility th:t some contamination could proceed

i via the atmosphere when wastes containing these compounds
are bumt.

c) Although it is unlikely, some type of Ullman reaction with
condensation of aromatic halides with the aid of metallic
agents such as copper tc give rise to the formation of biaryls,
cannot be completely rul=d out.

d) Lastly, but not necessar.ly the least likely, there is-the possi-
bility that some compani s are using PCB'’s in some insecticide
formulations to increase the kill-life.

The idea of increasing the residual persistence of insecticides has
been investigated for some tirie and a brief résumé on the more
important background work is ir: order. -

The early investigations by LixpQuist et al. (1945) and Brock
(1948) indicated that the resilual effectiveness of DDT was pro-
longed when the DDT was aj plied in resins and paints. van TiEL
1 (1952) continued along these liaes when he increased both the effec-

- #ve period and the toxicity of a DDT deposit on a glass surface
by the addition of a small amount of coumarone resin to a DDT
solution in kerosene. Subsequently, emphasis was placed on work
involving the more volatile insecticides like lindane—a very effective
pesticide but one which soon loses its activity because of volatilization.

SuLLvaN and HomxsTeIN (1933) in their experiments with the
American cockroach, Periplaneta americana, found that lindane resi-
due remained toxic longer when it was compounded with ‘Aroclor’
5460. They suggested that the chlorinated polyphenyl prevents crystal-
lization of the lindane and lowers the vapor pressure of the lindane
in the mixture, thereby preventing unsightly residues on surfaces as
well as extending the effective kill-life of the insecticide. Tsao et
al. (1953) obtained similar results against house flies, Musca domes-
tica L. Continuing this work, HornsTEIN and SurLivan (1933) con-
firmed these findings and described a general method for prolonging
the residual effectiveness of volatile insecticides. The method consisted
of preparing concentrated solutions of the pesticides in the film-form-
ing polychlorinated polyphenyls. A Monsanto Co. Technical Bul-
letin (1965) states that because “‘Aroclors’ in formulations ‘trap’ and
hold more volatile ingredients, they make volatile insecticides and
repellents ‘Jast longer’ in residual activity.”

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

i i

R .

W R P O PR,

DSw 373594

STLCOPCB4098971



i i S

o i

oy

36 L. M. Rey~NoLps

in pesticide formulation, then thic coupled with the numerous other
uses suggested in a later Monsai ‘o Co. Bulletin (1967), might cer-
tainly explain their presence in wildlife tissues and other samples.

There is an obvious need for clarification of the sources of PCB’s
in fish and wildlife, and this could probably be accomplished using
tracer techniques.

VI. Toxiciiy of PCB’s

The PCB’s were studied as early as 1881 (ScumT and Scaurrz)
and were in wide use by 1930 (Pexxmvc 1930). Later Joxes and
AipEN (1936) reported that the compounds were toxic. GREENBERG
et al. (1939) reported that PCB’s and polychlorinated naphthalenes
caused the deaths of three worker.. Men employed in the production
and use of PCB’s developed acne-t-/pe skin eruptions (ScawarTz and
Barrow 1942, Scuwartz and Pecx 1943, Scirwartz 1943).

Morer (1944) reported that YCB's caused pathological changes
in laboratory animals. BrowN (1947) warned about the toxicity dan-
gers of the ‘Aroclors” when there was a suggestion that one of the
‘Aroclors” be used as the melting jpoint bath liquid in preference to
the customary sulfuric acid. Later, McLAvcHLIN et al. (1963) found
that Aroclor 1242, besides being toxic, produced teratogenic effects
in chick embryos at lower dosage levels. RiseBroucH et al. (1968)
reiterated that PCB’s along with other chlorintated biocides, such as
DDT, could account for a large part of the aberration in calcium
metabolism that has been observed in many species since the second
world war. \Vith high dosage of PCB'’s, hydropericards have been
observed in quails (Korx1ax et al. 1969). : '

It has been stated (Monsanto Co. 1967) that at ordinary tem-
peratures the ‘Aroclor’ chlorinated polyphenyls do not present indus-

 trial toxicological problems. However, caution was advised in handling

these materials. The hazard of potential toxic exposure varies with
the volatility of the compounds: the lower chlorinated, more volatile
ones present more of a potential problem from'the standpoint of
both inhalation and skin contact. At elevated temperatures, the use
of PCB’s requires very effective and efficient exhaust ventilation
systems. )

It has also been stated by the manufacturers that “tests on animals
indicate that the maximum safe concentration of vapor is in the range
of from 0.5 to 1.0 milligram of the lower chlorinated ‘Aroclor’ plasti-
cizers per cubic meter of air. The threshold limits (maximum allow-
able concentration for an 8-hour working day) set by the American
Conference of Government Hygienists are 1.0 milligram of the lower
chlorinated “Aroclor’ compounds per cubic meter of air and 0.5 milli-
gram of the more highly chlorinated compounds, such as ‘Aroclor’
1254, per cubic meter of air.”
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However, as RiseBroucH et al. (1368) pointed out, only relatively
small amounts of chlorinated hydroca-bons are required to cause en-
zyme—induced breakdown of steroids thus making irrelevant much
of the p.p.m. approach to pollutant ecology based on toxicity data
alone. i

There is no doubt that further rcsearch in this area is urgently
needed. 7 :

VIL Analysis of pesticide residu s in the presence of PCB’s
PCB’s are of interest to analysts “or three main reasons:

a) The compounds are toxic.

b) They are widely distributed a1d their uses are increasing.

c) They interfere with GLC d.terminations of organochlorine
and organophosphorus pesticice residues.

The first two reasons have been dealt with- earlier and therefore
need no further elaboration. Accorcingly most of the remainder of
this review will be concerned with the analysis of pesticide residues
in the .presence of PCB’s. Also the present methods of estimating
the amounts of PCB'’s will be discussed.

- &s menticned carlier, it was emphasized at the 1967 OECD confer-
ence that PCB’s were in fact beiny detected in fish and wildlife,
especially in Europe. The conference among other things served to
alert other chemists and scientists to the problems of PCB’s and their
interference with pesticide residue analysis. Since the discovery that
PCB’s are contaminating fish and wildlife and that they interfere
with organochlorine pesticide analysis, very little has been published
on how to cope with these interferences and how to differentiate
the PCB’s from pesticides. Based on preliminary work, JENSEN and
WmMark (1967) suggested a nitration technique based on the inert-
ness of the PCB’s compared to the relatively easier nitration of the
pesticides. RiseBroucH et al. (1968) reported the use of this method,
but Revnorps (1969 b) pointed out that nitration is not a suitable
approach since some pesticides (lindane, toxapene, Strobane, etc.)
apparently will not nitrate, while some of the PCB’s appeared to
be nitrated under the suggested conditions. In addition, there is the
problem of further complication from the interference of the nitrode-
rivatives formed, especially when the DDT-group pesticides are
present in large amounts. :

To avoid the above complications and at the same time facilitate
the chromatographic interpretations and afford a means of estimating
the PCB’s and pesticides independently, Reynorps (1969 b) intro-
duced a Florisil separation scheme. KoEnax et al. (1969) have also
reported a similar Florisil column technique to separate the PCB’s
from the pesticides. :
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In Reynorps” method, the paitially cleaned-up sample extract con-
taining the pesticides and PCB’ is placed on a Florisil column and
the PCB’s are eluted first with n-hexane, followed by elution of the
pesticides with an ether-hexane mixture. Originally, this technique
was intended to serve as the firal cleanup step, as well as effecting
-separation of the PCB’s from t1ie pesticides. As-will be explained,
the method has since been sligh<y modified (miniaturized) to serve
mainly as a separation technique. Of the many pesticides investigated,
only heptachlor, aldrin, and the 1DDT metabo{ite p.p’-DDE are eluted
with the PCB’s. With the exception of p,p’-DDE, these do not present
difficult problems since chemical reactions (epoxidation, hydrobromi-
nation, etc.) can be used to diff-:rentiate heptachlor and aldrin from
the PCB’s. Furthermore, these two pesticides are more frequently
found as the more stable epoxy products which are separable from
the PCB’s by this scheme. _

p.,p-DDE on the other hanc presents a more difficult problem
on account of its chemical ineriness. Its greater stability resembles
that of the PCB’s, and the compiund is not amenable to any simple
-and convenient method of strucure modification to give a product
which is readily detected within he usual GLC-EC operating param-
eters.

Of course the ideal situation would be a convenient addition of
oné mole of hydrochloric acid 1o the p,p’-DDE to form p,p’-DDT

 while-the PCB’s are 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 Florisil separation. Tht amount of p,p’-DDE present could
be estimated indirectly from the p,p"-DDT produced since, as will
be discussed later, the p,p’-DDT (and p,p’-DDD) can be separated
from the PCB’s by the use of highlv polar liquid phases. :

It should be emphasized that although p,p’-DDD and p,p'-DDT
are mostly separated by the polar phase columns, without introducing
a Florisil separation the earlier emerging pesticides are superimposed
on the PCB’s and hence a separation is necessary to identify and
to quantify these latter pesticides.

After the Florisil separations of PCB’s and pesticides are made,
the two eluates are chromatographed separately on the SE-30/QF-1
column and compared with appropriate standards for quantitation.
This is normally followed by confirmation of the identities of the
pesticides.

VIIL Confirmation of pesticide identity

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

r
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makes it necessary to confirm the i.2ntity of the pesticides by addi-

tional techniques.
The sequence usually followed by our laboratory is:
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a) Injection of the pesticide eluate onto a more polar liquid phase
column (e.g., polyester such as DEGA or DEGS). Typical
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Fig. 2. Separation of PCB’s and organochlorine pesticides on polar phase column
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{(five percent DEGS/two percent H,PO,). Chromatogram A: standard
mixture of organochlorine pesticides with same amounts as in Figure 1;
peak numbers: 1 = heptachlor and aldrin, 2 = lindane, 3 = heptachlor
epoxide, 4 = DDE, 5 = dieldrin, 6 = DDT, 7 = DDD. Chromatogram
B: 5 ng. of Aroclor 1254 (the 14 major peaks are numbered I to XIV
as in chromatogram B of Figure 1, assuming that the order of elution
is unchanged). Chromatogram C: combination of organochlorine standard
- pesticide mixture and Aroclor 1254, Other GLC parameters as in

Figure 1

separations of pesticides, PCB’s, and a mixture of the two
groups are shown in Figure 2. The reversal of p,p’-DDD and
p.p’-DDT and their separation from most of the PCB’s is note-
worthy and quite useful. One drawback is that peak No. 13
of Aroclor 1260 interferes partially with p,p-DDT. Other use-
ful information can be obtained by study of the retention times

DSW 373600
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of individual pesticides. For example, this approach affords
separation of the three main BHC isomers. The technique is
especially useful for ru'ing out the presence of pesticides in-
dicated as possibly pres nt by the SE-30/QF-1 column. How-
ever, the retention times on two or more stationary phases
cannot be regarded as independent parameters of identity
{ RoBmnson 1967 ). ' )

b) Derivatization and use of characteristic GLC retention times
of the derivatives. As reported earlier (Reynorps 1969 a), our
laboratory has increasingly utilized chemical reactions for con- -
firmations of pesticide residues because the samples to be
analysed are generally small and the amount of residue is in-
sufficient to allow effect:ve application of infrared, mass, and
other spectroscopic meth ods. '

The derivatization techniqu:: has been used by a number of work-
ers (GuntHER 1962, KLEIN et ¢l 1964, HarvENCE et al. 1965, Sans
1967, Durry and Woxc 1967, O..apcauk and WAaNLEss 1968, COCHRANE
and CrHAv 1968, Cuav 1969, Cr.au and CocHraNE 1969, WiEnCkE and
Burxe 1969) and is gaining ir popularity. Success of the technique
usually depends on the specifiz derivative remaining lipophilic and
therefore extractable with the organic solvent (usually hexane) for
direct analysis by the usual GLC-EC method.

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

road-spcctrum types that are cuite uselul for the pesticides generally

found in wildlife are:

(i) Reaction with ethanolic potassium hydroxide (mainly dehy-
drochlorination) to give products with shorter retention
times. This is effective for DDT, DDD, and their isomers, as
well as a- and y-BHC; the g-isomer is not affected.

(ii) Reaction with hydrogen bromide/acetic anhydride reagent
to give bromohydrin or bromoacetoxy derivatives with longer
retention times. This reaction has been found useful for hep-
tachlor, aldrin, heptachlor epoxide, dieldrin, and endrin.

¢) Thin-layer chromatography. In spite of certain drawbacks with

TLC for confirmation of small amounts of pesticide residues
(ReEynoLps 1969 a) the technique is still valuable for the con-
firmation of DDE. TLC can be quite useful also for some
group separation, as an ancillary cleanup technique, and for
semiquantitative estimation of some pesticide residues.

IX. Identification of PCB’s in samples

Data obtained by our laboratory in the course of work conducted
for The Canadian Wildlife Service 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 hu: complicated the pesticide residue

¥ f:t : methodology, but this complication cannot be avoided if meaningful
s results are to be obtained. Since not all samples contain PCBs, it
T e would be unwise to do a Florisil separation on all extracts before
T s having some indication whether or not the separation is necessary.
'ﬁg"wmaty Accordingly our laboratory uses the approach described below.

' g The sample to be analysed is extracted, cleaned-up, and assayed
X emes using the SE-30/QF-1 column. Depending on the EC results, a deci-
F .. our sion is made whether or not to make a Florisil separation and check
F 4 con- further for the presence of PCL’s. This decision is based on the as-
% . @ be sumption that if there are no apparent p,p’-DDD and p,p’-DDT peaks,
i egin- then the presence of PCB’s would not be expected. The DDD-DDT
E SN | combination is chosen as the c-iterion because peaks eight and ten,
% two of the larger peaks in Aroclor 1254 and 1260 have identical reten-
£ tion times with p,p’-DDD and 7,p"-DDT, respectively. Also, the PCB

components giving rise to peaks eight and ten are less likely to be
metabolized than the earlier eraerging compounds. Hence, if PCB’s
(1234 or 1260 pattern) are present, peaks should show up giving
apparent p,p’-DDD and p,p’-ODT values with the EC detection

system.

sae) for , Other useful information regarding the presence of PCB’s can
& be obtained from the initial gas chromatography. If the GLC pattern
¥ 4o more (prior to PCB separation on Florisil). shows high “apparent”
T snerally p,p-DDE with little or no p7-DDD and p,p-DDT present, then
i -all or most of the “apparent” DDE is probably “true” DDE. This
'% is because peak five (the peak which interferes with p,p-DDE) in
'2 =N de}})" the common PCB commercial mixtures (Aroclor 1234 and 1260) is
5 etention relatively small compared to the DDD- and DDT-interfering peaks .
; waers, as : (eight and ten) as shown in Figure 1. This rule has been borne
N out by TLC confirmation of DDE in a number of such cases.

« * feagent As mentioned above, the two most commonlv found PCB types
% v longer in wildlife samples resemble- Aroclor 1254 and 1260, Although these
; < for hep- two Aroclors are quite similar in many respects, certain differences
i ~drin, . : in their GLC patterns, as shown in Figure 3, can be used to identify
il ’f“‘CkS.Wlth . one from the other. With a higher chlorine content, Aroclor 1260
¢ = residues shows about 17 major peaks (SE-30/QF-1 column) compared to 14
% « the con- with Aroclor 1254. Besides this, one other obvious major difference
% = for some is the peak-height ratio of peaks ten and 13. This ratio has rough
T ¢ and for values of 9.3 and 1.0 for Aroclors 1254 and 1260, respectively.

5._

Additional information regarding the PCB mixture present in a
sample can be obtained by comparisons of other peak-height ratios
of the PCB standards and the PCB’s in the sample. However, it must
» be borne in mind that in practice one might be faced with complex

* conducted : mixtures of PCB’s rather than a single, specific mixture. In such cases
§ " hat PCB's ; an average value seems to be the best compromise. The method of -
= Undoubt- estimating PCB’s described below attempts to take this into account.
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Although most of the early reports on the presence of PCB’s in
samples indicated the Aroclor 1254 GLC pattern, more recent work
i by Koeman et al. (1969) and the author’s laboratory has indicated
T that a proportion of the specunens does contain the Aroclor 1260

N GLC pattern. This apparent predominance of the Aroclor 1254 type
might have been due to its availability as a standard and lack of
the Aroclor 1260 type in the early developmental stages of PCB
methodology. The GLC profiles of a number of commercially available
PCB mixtures were determined using the SE-30/QF-1 column. These
are shown in Figure 4 and ind‘cate that the more highly chlorinated
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Fig. 3. Comparison of Aroclors 1254 and 1260. Chromatogram A: 5 ng. of
Aroclor 1254; the 14 major peaks are numbered I to XIV as in chroma-
togram B of Figure 1. Chromatogram B: 5 ng. of Aroclor 1260; the 17
major peaks are numbered I to XVII (the early peaks correspond to
those in Aroclor 1254). GLC parameters as in Figure 1

i S G o
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biphenyls (Aroclors 1254 and 1260) are easily detected with the usual
operating parameters. On the other hand, the compounds of the lower
chlorinated mixtures (Aroclors 1221, 1232, and 1242) and the higher
molecular weight mixtures (e.g., Aroclor 5460) are less responsive
and are, therefore, more likely to go undetected under normal operat-
ing conditions. Apparently, the lowered sensitivity is due to low chlo-
rine content in the first group and to high molecular weight with
resultant long retention times in the second group. In both cases,
therefore, 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 (Koeman et
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al. 1969), might explain the general absence or rarity of these com- :
unds in wildlife samples. .

It must not be overlooked, therefore, that in the presence of large
amounts of the lower chlorinated biphenyls (e.g., Aroclors 1221, 1232,
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Fig. 4. GLC profiles of the more popular Aroclor mixtures under normal analy-
tical conditions. Nate: All peak numbers correspond to those of Aroclor
1254, Chomatograms: A = 5 ng. of Aroclor 1221, B = 5 ng. of Aroclor
1232, C = 5 ng. of Aroclor 1242, D = 5 ng. of Aroclor 1254, E = 5 ng.
of Aroclor 1260, and F = 5 ng. of Aroclor 5460. GLC parameters as in

Figure 1

and 1242) and ne%ligible quantities of the higher chlorinated bi-
phenyls (e.g., Aroclors 1254 and 1260), different criteria would be
necessary to detect PCB interference. To date, this condition has
not been encountered in Canadian wildlife samples.
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As might be expected from *he complex nature of the PCB mix-
tures and the chemical inertn~ys of the individual compounds, the
confirmation of identities of these materials is much more difficult
than with the organochlorine pesticides. Thus, in the absence of a
mass spectrometer, confirmation of the PCB’s is mainly by their GLC
retention times and patterns on the mixed and polar phase columns
in conjunction with their non-reactivities with the two general reagents
used for the organochlorine pesticides. :

The prior separation of the i*CB’s from the organochlorine pesti-
cides by the Florisil technique clso aids in the identification of the
PCB’s. :

X. Estima‘ion of PCB’s

Since the PCB’s are themselves toxic, attempts have been made
to estimate the amounts present in samples. It should, however, be
recognized that only rough estiriates can be made since pure stan-
dards of the individual compounds in the mixtures are to date unavail-
able. The situation resembles tl:at of toxaphene estimation, but is
of greater complexity. 7 ' '

Koeyax et al. (1969) based their PCB estimation on the peak
of phenoclor DP6 having r. (relative retention time with dieldrin = 1
under his operating conditions) equal to 1.45. RiseBroUGH et al.
(1969) estimated the PCB’s on the assumption that they have similar
EC responses to p,p’-DDE and applied a factor to fit the assumed
54 percent chlorine content of the PCB's. Jexsew ef al. (1969) re-
ported estimates as the sum of all the PCB components.

The author’s laboratory uses a-method very similar to KoEmMaNs
with the exception that an average based on two peaks is usually
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 onlv has been found to
. give equally satisfactory results. Note that results are reported as
: being based on Aroclor 1254 or 1260 depending on the overall GLC

pattern. Peaks eight and ten were chosen because of their stability
(see section on identification). In a later section the above points
are illustrated by analysis of resini powder taken from a fish hatchery
trough. _ '

The total PCB results obtained by the method described may
be slightly higher than the actual values because the early emerging
PCB peaks (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-
nents in the mixtures. Furthermore, there might be compensation,
since no attempt has been made to apply recovery correction factors.
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The method of estimation described above appears to give a rea-
sonable estimate of PCB contam‘'nation based on commercial PCB
mixtures. For absolute measurement of PCB content it would be
necessary to prepare standards fcr the individual PCB components,
and, even if these were availalle, the determinations would be
complex and costly. Considering our present limited knowledge of
total PCB toxicity and our even :reater ignorance about the toxicity
of the individual components of the mixtures, it is doubtful whether
such accurate determinations woild be meaningful at this time. As
stressed earlier, the most urgent r2ed is for toxicological investigation
in this area to indicate whether some of the PCB compounds are
more toxic or have greater sublethal effect than others, as observed
with the BHC isomers. At that point it would become essential to
identify and estimate accurately cpecific individual compounds in the
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muixtures.
: XI. Separation of PCB’s frort organophosphorus compounds
B by the Florisil technique
F A limited amount of work has been carried out in our laboratory
i . to determine whether the Florisil column technique is applicable to
B ie separation of the PCB’s frora the arganophosphorus compounds.
%—" - Preliminary results on those tested (phorate, diazinon, ronnel, mala-
£y “ i thion, parathion, methyl Trithion, ethion) indicate that they are not
g :3 _eluted with the PCB’s by hexane, and can therefore be separated.
¥ In comparison to the organochlorine pesticides, the organophosphorus
El compounds generally require larger volumes of the ether-hexane mix-
i “ ture for elution from the Florisil column, most likely because ‘of their
3 more polar nature. 7
i As with the organochlorine pesticides, the presence of PCB’s in
T a sample extract will interfere with some of the more common organo-
i phosphates when the EC detection system is used. However, with
§ e the use of a dual detector (EC +- phosphate or thermionic) connected
3;‘0 to a dual-pen recorder, the effluent from a single injection containing
i PCB’s and organophosphates can be split and differentiation made
% ‘: as shown in Figu:e 5. Like the organochlorine pesticides, the PCB'’s
4 are not detected on the phosphate detector. Nevertheless, in the ab-
% ;i sence of a detector which is specific for phosphorus, the Florisil col-
E umn technique can be used to separate the PCB’s from the organo-
P phosphates to facilitate the analyses.
- fTong XIL Residues of organochlorine pesticides and PCB’s
;‘m , in Canadian wildlife
: q;c)t- Following the approaches outlined, the author’s laboratory has
§ con analysed a number of Canadian wildlife specimens for residues of
1
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Fig. 5. Differentiation of Aroclor 1254 and organophosphorus pesticides usin3
dual detectors and effluent split. Chromatogram A: organophosphorus
standard pesticide mixture; peak numbers 1 = 1.75 ng. of phorate, 2 =
2.0 ng. oF diazinon, 3 = 3.0 ng. of Ronnel, 4 = 13.0 ng. of malathios,
5 = 5.0 ng. of parathion, 6 = 15.0 ng. of methyl Trithion, and 7 = 10.)
ng. of ethion. Chromatogram B: combination of organophosphorus mix-
ture (chromatogram A) and 10 ng. of Aroclor 1254 numbered I to XIV
as in chromatogram B of Figure 1 (a compromise of the E.C. respons:
fs necessary to obtain maximum response on the phosphorus detector).
P = phosphorus detector and EC = electron capture getector. Column
four percent OV-100/six percent OV-210 on 60/80 mesh Chromosorb W
(AW); other GLC parameters as in Figure 1

organochlorine pesticides ‘and PCB’s. Some of the data on aquatic
birds from Western Canada are given in Table I. The inclusion of
these tabulated results, which represent only a minor portion of the
total number of samples analysed, is intended to illustrate the types
of analytical problems 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 I, some general 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 amounts
of apparent DDD and DDT, and has been verified by TLC.

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 effect of PCB contamina‘ion 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 somewhat inzongruous with the rest of the data
since peak four of the commercial PCB mixtures does interfere
with HE. However, this anomaly may be explained on the basis
that the PCB component givir-g rise to peak four is degraded ex-
tensively in the bird’s metabolir: processes.

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

(a) Aquatic raptorials gener:ily contain higher residue levels of
pesticides and PCB’s than othrr wildlife species.

(b) High levels of PCB’s are found only in the presence of high
levels of organochlorine pest-cides (the resin powder mentioned
below is an obvious exceptiori) but high levels of organochlorine
pesticides are not necessarily zccompanied by high levels of PCB's.
(c) The most abundant PCB types detected are those which show
Aroclor 1254 and 1260 patte-ns and, therefore, fit well with the
proposed method of quantitat on. However, it should not be over-
looked that with the present rosidue methodology some other PCB-
type compounds might go und:tected.

6. It is important to measure roisture and fat content of samples
in conjunction with residue levels. This allows lor reporting on
a wet-, dry-, or fat-weight basis. However, caution should be used
when reporting residues in wildlife samples, for example, on a
fat basis when the fat content is very low. Such figures can be
inaccurate as well as highly misleading.

The gas chromatogram of a typical sample showing the presence
of PCB’s is given in Figure 6. It indicates the Aroclor 1260 pattern
and was obtained from a duckling found dead in the Toronto area
in the summer of 1969. -

A good example of PCB’s showing up in unexpected 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 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 a typical GLC pattern 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 PCB’s but no pesticides. Based on calculations from 11 indi-

vidual peaks of Aroclor 1254, the PCB concentration was estimated
at 35 p.p.m (range 25 to 46). Using the average results based on
peaks eight and ten only, the PCB estimate was 29 p.p.m. This is
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3 20 25 30 35
Minutes

Fig. 6. Typical sample indicating tie presence of PCB’s of the Aroclor 1260
in a duckling from th: Toronto area. Chromatogram A: 5 ng. of
Aroclor 1260 numbered I tc XVII as in chromatogram B of Figure 3.
Chromatogram B: the equivailent of 0.35 mg. of duck sample (hexane
portien of Florisil split). Nite the DDE contribution to PCB peak V:

GLC parameters as in Figure 1

0 s 0 15 20 25 30 as
Minutes

* Fig. 7. Resin powder extract indicating the presence of PCB's of the Aroclor
1254 type. Chromatogram A: 5§ ng. otP Aroclor 1254 numbered I to XIV
as in chromatogram B of Figure 1. Chromatogram B: The equivalent of
0.02 mg. of resin powder extract (hexane portion of Florisil split),
numbered I to XIV as in Aroclor 1254. GLC parameters as in Figure 1
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an interesting example of PCB’s causing contamination as a direct
result of industrial application. :

With regard to the Florisil tcchnique for the separation of PCB’s
from pesticides, one important modi%cation to the original method
(ReyNoLps 1969) is now used rot.tinely in the wildlife studies. Origi-
nally the scheme was designed tc accommodate simultaneously both
the cleanup of the sample extract and the separation of PCB’s. How-
ever, as pointed out earlier in tais review, not all samples contain
PCB’s. Consequently, for general samples, to avoid unnecessary split-
ting of all sample extracts (each split doubles the number of eluates
to be chromatographed), a norn:al cleanup including a Florisil col-
umn, but no differential elution, s conducted. The Florisil-PCB sepa-
ration is then carried 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 us:d in the original method, and there
is a substantial saving in the arnount of reagents required: Details

of the modified procedure are as {ollows:

A glass column (44 cm. X 1 cm. i.d. having a 50-ml. reservoir on top) is
packed with 30 em. (~10.7 g.) -f Florisil (60/100 mesh, Floridin Co.,
pesticide grade, stored at 130°C. -wntil ready for use) and topped with a
%cm. layer of anhydrous Na,SO.. The sample extract of about 5 ml
(n-hexane) is added to the coli.mn. The first clution which removes
PCB’s, heptachlor, aldrin, and DL E, is effected with 60 ml. of n-hexane
(Nanograde, Mallinckrodt). The remaining pesticides arc then eluted
with 40 ml. of 50 percent ethyl ether in hexane.

Note that in filling the columus, the Florisil is packed down by gentle
tapping, and the sample extract is added to a dry column, {.e., no pre-
wetting. After the first elution the receiver is changed as soon as the last
of the hexane meets the N2,50.. It should be noted also that with one
batch of pesticide grade Florisil, some PCB peaks (two, six, nine, 11)
showed partial elution in the second eluate. These, however, are com-
paratively minor peaks and do not interfere with any of the common
organochlorine pesticides. As there are differences in batches of Florisil,

- the procedure has to be checked out fully prior to application to actual
- samples. Modifications of volumes, etc,, may be necessary to effect the
desired separation. It is likely that adsorbents other than Florisil, e.g.,

. silica gel or alumina, will give similar separation of PCB'’s from pesticides
but these have not been investigated to date. )
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Table II. Chemical designations of 3 esticides mentioned in text

Pesticide

Chemical name

aldrin
»,p~-DDD (TDE)

1,2,3,4,10,10-hexachlor »-1,4,4a,5,8,8a-hexahydro-1,4-endo,
ezo-5,8-dimethanons phthalene
2,2-bis(p-chlorophenyl -1,1-dichloroethane

oy

-t A e wen
o wovd

ate o

FAD

2,p-DDE 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene
p,p-DDT 1,1,1-trichloro-2,2-bis (a-chlorophenyl)ethane
diazinon 0,0-diethyl-0-(2-isopr >pyl-4-methyl-6-pyrimidyl)-phos-
phorothioate .
dieldrin 1,2,3,4,10,10-hexachlo: 0-6,7-epoxy-1,4,4s-5,6,7,8,8a-octa- KR
hydro-1,4-endo,ezo-. ,8-dimethanonaphthalene doas
ethion 0,0,0",0'-tetraethy-£,8"-methylene bisphosphorodithioate T
heptachlor 1,4,5,6,7,8,8-heptachlcro-3a,4,7,7a-tetrahydro-4,7-endo- A
methanoindene -
beptachlor epoxide  1,4,5,6,7,8,8-heptachl: ro-2,3-epoxy-3a,4,7,7a-tetrahydro-4, e
- 7-mcthanoindane oy
lindane (-BHC) ~+-1,2,3,4,5,6-hexachlo-ocyclohexane L
melethion S-11,2-bis(ethoxy carkonyl)ethyl)0,0-dimethyl phosphorodi- b=
thioate t
methyl Trithion 0,0-dimethyl S-(p-chlorophenylthio) methyl phosphorodi- s
thioate {a:
parathion 0,0-dicthyl O-p-nitroohenyl phosphorothioate as
phorate (Thimet) 0,0-diethy! S-(ethyltnio) methyl phosphorodithioate oo
Ronnel dimethyl 2,4,5-trichlcrophenyl phosphorothionate ‘i"' ’
- [ 1%
" et
Summary ! '
) 1
Since 1966, PCB’s have been detected in fish and wildlife, espe- }, ‘(
cially in Europe and North America. Contamination from industrial . .
i wastes via the water ways appears to be the main source of PCB's B
in aquatic species. The PCB’s have many important industrial uses e
but are not utilized as pesticides. de
Due to their similarities in structure and properties to the organo- de s
chlorine pesticides, the PCB’s tend to interfere with accurate GLC-EC arae
determination of organochlorine and many organophosphorus pesti- 1.
cides. In addition to their interference with pesticide residue analysis Ve
the PCB’s are themselves toxic so that their quantitation is desirable. e n -
A method for recognising the presence of PCB'’s in samples, sep- o
arating them from pesticides, and determining the pesticide levels e
accurately is described. Simultaneously an estimate of total PCB con- —
tent is afforded. ..
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The residue data of some Ca adian aquatic birds indicate that

high levels of PCB's are found only in the presence of correspondingly
high levels of the DDT pesticide group. On the other hand, high .
organochlorine pesticide levels are not necessarily accompanied by -

high PCB content.
Further research on toxicity and sublethal effects of PCB mixtures

and their individual components is required. If particular components .

are shown to be more toxic than o’hers, refining of the PCB quantita-
tion methods will be necessary ,

Résumé*

Analyse de résidus de gesticides en présence de
diphényls polychlorés

Delpuis 1966 des diphényls pclychlorés (PCBs) ont été détectés
dans les poissons et le gibier, particulierement en Europe et en
Amérique du Nord. Il apparait que la présence de PCBs dans la
faune aquatique soit due principalement a la contamination des cours
d’eau par des déchets industriels. Les PCBs sont utilisés pour un
grand nombre de procédés industriels importants, mais ils ne sont
pas appliqués comme pesticides.

Etant donné que la structure et les propriétés des PCBs sont
semblables & celles des pesticides organochlorés, ils ont tendance a
fausser la détermination exacte des substances organochlorées et
organophosphorées lors d'analyses par chromatographie en phase
gazeuse via capture d’électrons. En plus de leur interférence lors
de I'analyse des résidus des pesticides, les PCBs sont eux-mémes des
composés toxiques dont la détermination quantitative est souhaitable.

Le présent article contient une méthode qui permet de reconnaitre
la présence des PCBs dans des échantillons et, en méme temps, de
les séparer des pesticides dont Je taux de résidus peut étre exactement
déterminé. La méthode permet également une estimation du contenu
total en PCBs. 7

Des résultats d’analyses portant sur des oiseaux aquatiques cana-
diens indiquent qu'un taux élevé de PCBs est lié & un taux élevé
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 toxicité et les effets sub-
létaux des mélanges de PCBs et de leurs composés individuels seront
nécéssaires. Si on peut démontrer que des substances particulieres
sont plus toxiques que d’autres, on aura besoin d’'une méthode plus

~ spécifique permettant I'analyse individuelle des PCBs.

* Traduit par H. GEssBUHLER.
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Zusar:menfassung®

Die Analyse von Pflanzenschutzmittel-Riickstinden in Gegenwart
von Polychlordiphenylen

Seit 1966 werden Polychlordiphenyle (PCB-Stoffe) in Fischen und
Wildtieren, besonders in Europa und Nordamerika, nachgewiesen.
Die Verschmutzung der Wasserwege durch Industrieabfille scheint
dabei die Hauptursache von PCB-Riickstinden in der aquatischen
Fauna zu sein. Die PCB-Swc Te werden fiir eine Anzahl wichtiger
Industrieprozesse gebraucht, als Schidlingsbekdmpfungsmittel wergen
sie jedoch nicht eingesetzt.

Da die PCB-Stoffe in ihrer Struktur und in ihren Eigenschaften
den chlorierten Kohlenwasse rstoff-Insektiziden sehr ihnlich sind,
* konnen sie die gaschromatog:apbische Bestimmung mit Elektronen-
einfang-Detektor von chlorierten Kohlenwasserstoffen und mancher
Phosphorsiureester verfilschea. Die PCB-Stoffe kénnen nicht nur
Riickstandsanalysen beeintriclitigen, sondern sie sind selbst toxische
Substanzen, deren Nachweis s'ch aufdringt.

Im vorliegenden Artikel v-ird eine Methode beschrieben, die es
erlaubt, das Vorhandensein vca PCB-Stoffen in Proben nachzuweisen,
sie von den Schidlingsbekd npfungsmitteln abzutrennen und die
Riickstinde der letztern genau zu bestimmen. Dariiber hinaus
gestattet die Methode, den Totalgehalt an PCB-Stoffen abzuschitzen.

Riickstandsdaten einiger kazadischer Wasservigel weisen darauf
hin, dass hohe PCB-Konzeatrationen nur in Gegenwart hoher
. Riickstinde von Substanzen der DDT-Gruppe auftreten. Anderseits
sind hohe Riickstinde von chlorierten Kohlenwasserstoff-Insektiziden
nicht unbedingt von hohen PCB-Konzentrationen begleitet.

Weitere Untersuchungen iiber die Toxizitit und die sublethale -
Wirkung von PCB-Mischungen und ihrer individuellen Komponenten
sind angezeigt. Sollte es sich dabei ergeben, dass gewisse Einzelstoffe
toxischer sind als andere, wird eine Verfeinerung der Nachweis- und
Bestimmungsmethoden fiir PCB-Stoffe notwendig.
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