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PCB Conferensce II
Stookhola 1972

MOSITURING FCB IN WATER AND WILDLIFS
A.Y, Holdsn

(Froshwater Fishexies Lab ¥y Pltlochry, SBcotland)

INTRODUCTION
Although polyohlorinated biphenyls (FCE) have bssn munufuctured for vericus
purposse £or the past forty years, it was not until 1966 that Jensen 18.atifisd

them in & variety of environmental sanples, using the gas ohronatogiarhio tecimique
enployed sinoce 1962 for the detsotion and weasurement of the porsistent crgunochlowins

pestiosdes suoh as DIT (und its metcholitss) and isldrin, Conf. tica of the

of the PCB-residuse wes made Dy miso mpootrometry, which at thn es=s tins indicated the
ressnce of a larger number of po’yplilotinuted Yiphonyls thin was suggoeted by Whe
number of ges chromatographic pesks.

In the analysis of wildlife samples for organochlorine psetiocides sines 1962,
several had ded the [ of & mmdexr of unidentifiable GIC peaks.

Jenaen'e 41 Yy of the of ¥0B ,¥hile ssoleting in the determinetien
of & hu.'ﬂ;n group of detectabls conteminants, made it evident that ecms of the sarlisw
analytical results reportad in the literature, partioularly for pp'-~IlDT and py'~EES,
were W b . Qt 1y teolniques have Lesn developed %o enalle &

resscnable degres of separation of FUB from many srganochlorine pesticides to e
achisved dafore GIO analysis, dut the IUB reeidusa must still be sstimated m» & gwewp
at present,

Polychlorinated biphenyls oan be used for a wide variety of pusposss, i Whe
mixtures of isomers produoed by the various namfecturcrs way rengs from these eemtaln~
ing about 206 by weight of chlorine, aversging about oxe chlorine abom per moleculs, e
soms comtaining abowt 708 of ohlorine, sveraging almost nine chlorine stoms per selseuls.

A total of 209 ohd 1s, oentaining from one to ten ohlerine sbess, 15
theoretioally poseible, and it has besn shomn (Bisecms and Weltl, 1971) that wme pawtise
lar 34% ohlort 4 at least fifty different ieomars, Few of these
have been 4 1y, snd for tine analysis of emviresmeatal

MONS 043876



Lane SN

[

s = |/ 3

ey

napples the commercially-available mixtures must be used as reference standaxds.

Soms degradation of the ) hlorinated of the esries prodabdly ococurs in the
covironment, and in consequence the pattern of GLO peaks obtained from wildlife samples
differs from that of the commercial mixtures. The estimation of total FUD oontent amd

toxicity of the wildlife reeiduss é» therefors only eapy: at the time.

In view of the persistence of the higher polyohlorinated biphonyls, their
presence at all envirormental levels, their potential intorfurence in the analynis for
orgasochlorine pesticides, and their poesible toxioity to vorious forms of life, coo~
siderabls attention has deen given in recent years tc tho problem of their world-wide
distribution. Most studies have involved fish and birds, but tn view of the possidility
that global monitoring for polly such ws lord nay be estabe

l1ished in the near future some consideration must be givon to the types of envirermsntal
nmamplea moot suitable for the purposs of monitoring.

The Oxganisation for Economis Co-operation and Developtont((HOD) hus for several
yoars sponsorsd voluntary international studies of the probdlem of sampling and analywing
wildlife wpecimans {or organochlorine residuss, and this paper sumaarises the results
of the first eix years of investigstion, and indicates the diffioulties involved doth
in the analyeis of the samples and in the seleotion and aoquisition of the nsocessary
pample material. It has been posscidble to compare the efficiency of analysis in
different countriee, and to ssseas the importance of anslytical srrors as compared
«ith the variations between individuals in populations of certnin speoiess. Ths coourrenss

of PCB tions in env 1 wedia as d to living 4 is also

disoussed, wedia samples sometimes deing euggested in preference to vildlife saspl ®e
for monitoring purposes.

ANALYTICAL METHODS

FOls are extraocted and analysed by the vame teuliniques s are employed for orgmme~
chlorine pestioides, and appear to be recorwwed fyom water and tissus semples with the
sane ff ficiency, but must be separated fron the majority of pesticides defore GIC analyeis

to avoid interferencs. Beparation is usually made using silica colum chromatography,
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u«‘. FCB cempounds being eluted with p,p'-IDE (Holden and Mareden, 1969), although
Armour and Burke (1970) achieved a degree of separation of the FCBy from IDR with a
nore active typs of esilica. Ssveral method: have been propos.d for the detsrmination
of the total FCB content from ths gas chromatographio trace, but a resent GECD study
(Holden, in preparaticn) has shown that a consideradle messure of agresuent can be
obtained among analysts using different mothods of estimation.

Peax height i{s usually measured although peak area, mearured by electronic integre=
tion or mechanical devices, is sonetimes umed; 4 to & GIC peaks are oommonly
involved., The estimation of FCB concentration is influsnoed to some
extant by the chuice of a suitable refersnce ctandard, which is wsually arbitrary is
view of m.. dlfrnx';lo- in proportions of the varicus FCB peaks, as between envircomental
canples and commercial produots. KNevertheless, in the reoent (ECD study, sight snalysts
using different methods of estimation dut similar 60% chlorinated refersnce mixtures
obtained results on a cormorsnt sample which showed a coeffioient of variation of
tuﬁ, & valus no greater than was obtained for vome individual pestioides in ancther
exchange sanple ueed in the sque CHCD etudy. in alternative method of assessment, not
yot widoly used, is the complete chlorination of all FCB reaiduse found to the deca-
chloro compound, giving a single GIC peak which is comparcd with the sane peak produced
from any FCD formulation, or s deoa-chloro-biphenyl standard.

Where low~-level concentrations are being doternined, as in water or planktom
semplen, great care is necessary to avoid contamination from laboratory or other
sources which may give GIC peeka in positions similar to thoce from the samples. Buek
oontamination, inoignificant in the analysis of samples containing high

of FCBs, can be derived from plastics (particularly P¥C), o1l used 1n air compresecre,

human skin (1f not sdequately washed bef 4), 1 seala of metal containeze,

and in the sclvents or adeorbents used in analynis. ALl solvents must be purified Wy
distillation, and all adsortents or drying medis (s.g. slumins, silica, sodium sulphats)
must be caloined or solvent-washed before use, Blank runs through the complete

analytical procedurs must be made frequantly to oheok for possidle contasinatiom.
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FCB LAVELS IV THE 11 VIRONMEXT

" {a) Air and Radp No reforence has been found in the litsrature to concentrations of

iCit in garcous form in :ir, and 1t 18 quite poscible that atmocpheric FOB is associlated
wilh pirticulate vatter (dust) or water droplets. In the pampling of air, cuch forms
wruld be removed by filters and anulysed as particulate mattexr. Risebrough gy gl (1968)*
found 1 to 64 ppb of organochlorines {n dust from air over Barbadcs, but did not
gornitively idertify PCB. Analyeis of airborne dust off the California cosst did nos
reveal the presence of FCB, and the deduction was made that PCH do not adsord to
sarticulate matter.

In the sampling and analyses of atmospheric precipitation for organochlorines,
only the common pesticides o= and Y-BEC, dieldrin, pp’ IDT and {is mstabolites pp'-IT8
ard pp'~IDE have been reported in detail. Wheatley and Dardman (1965) and Tarrent end
Tatton (1968) found these residuee in rain in the United Kingdom, tut the latter also
noted the yresence of other reelduss bslieved to be PC3, without quantifying them.
Their rxiutence was confirmed in further rain caaples collected in London (Annual Report
¢ tne Laberatory of the Government Chenins/ wl".h an approximate ('m:) entiaste of
their concentration ss 50-100ng/l.

Mn camples have been collected and analysed from
and analyced in the author's laborstory,

four different sites in Sootland during 1972,/and preliminary results indlcate that
FCB levels are in the renge 20-40ng/1, with total IDT levels of 5-20ng/l. These
samples are taken in all-glase equipment, protected from birds, the serial debris
(duet, pollen, etc.) being retained separately on yre-weshed glass wool filters whioh
arc aleo anslysed, Beveral hundred millilitres of rain must bde colleoted, the sampling
periods being irrsgular wocording to the prevalling weather conditions. The conosntyes
tions of organochlorines found in the samples are nevertheless such higher than in river
and stream waters in Scotland. Jurthermore, thers 14 so far no evidence that the
residues sre transported from industrial areas of Beotland by prevalling winds and it

osena likely that the contsaination is of more distant origim, oxr perhaps reflects o
goneral lavel of atmospherio oontamination. In this form of sampling, howsvez, it is

impossible to exclude the poseidility of transient local ocontemination, whether from
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the exereta of flying bLirde, from insecte, or passing transport, and such svents

Sovld 1ot be lgnored.

oV Fxash Wetoxe A few refersnces to FCB concentrations in rivora have appeared
in thu literature, although theme generally rcfer to local contamination. Ip the

i {lwmkes River, U.S.A., 20~260ppt of Aroclor 1260 and 80~2070ppb of Arooloer 1242
wore detected (Veith and Lee 1971). In lake Biwa, Japan, 100-1000ppt of PCP were
found (Xaono, 1971). Ahling & Jensen (1970) fmxndp.}} and 0.50ppt in natural waters
in Sv.oden, but particulate material contained 1350ppt. The sediments in Ontario
(C.uinda) rivers nave been found to contain up to O.6p.p.n. (Bexg et alr1972), sod in
several U.5. rivers up to 3.2ppm (Yates g% al, 1972). The latter also found O.ledppd
‘n unfiltered rivexr waters from the United States. The Lichigan Water Resources

~ piecion han reported 10-2900ppt 4n X0 trivutery streams to the Great Lakes

(#70m, 1972).

Analyner of Scottish stroamr and rivers for organochlarines in 1971 and 1972
}.ve chown that, even in stireass with no evidence of industrial or gross sewage
©?luticn, the FCB concunirations are in the range 2-20ppt in unfiltored samples.
concentretione of organochlorine pesticides found were 8.1-5.1ppt dieldrin,

€.3+5.3ppt DB, 0.3-6.4ppt TDE and 0.2-5.7ppt DDT, oxcluding badly-polluted riverw.
acoe residues, with the poseible exception of dieldrin (used for about ten years im
heep dips throughout Scotland until 1966), exre believed to result from atmospherte,
rether than tsrrestrial contaninstion. The FCD ewtimations wers made on the basis
af fewer pceka than iu cuctomsry for tiscue ssnples, and further sxsmimation is 1lxely
+o reduos the values quntad.nbm.

(c) SenXates Analysis of & sea-water sample from tho Firth of Clyde, West
totland, an arra which receives adout one million tpns of wewage sludge per ammm,
rheied & concentration of Bppte Previous investigstions (Holden, 1970) 2ad shown that
‘tcut one tom of PCBa were probably containsd in the ammwal dischargs of sludge tat
Auring 1972 the cource from which the PCBH entered the sewer waa removed, Seewater

ruplen from tne Pirth of Tay, Bast Scotlend, contsined 5-20ppt, the higher valuse
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. WH".-"? ”,. vr,muy of the city of Dundes. Muah of this may have been im partionlate

Vet texs

(a) Exgppwatex Fish The levels of FCD in freshwatsr fish have been reported fros
only a few arcas, partly due to the fact that pesticide concentrations in rivers and
atreans in agricultural aress are often greatly in excese of PCB luvels, mt also, e

in Scotland, becaume terrestrial sourvse of direst contazinstion are often aon-existent.
The PCPB problem has eo frequently heen related to.the marine environasat that their
presence in fresh watezs 2ay have besn overlocked, yet discharges of industrial westes
or crude sewage to rivers would be expected to result i{n eignificant OB sceumnlatien

in the biomase. Possibly tha faot that such rivers, if heavily polluted, may comtain

no fish has produced tuiis eituation, u.fuh are coumcnly used as the meniboring
ospecies for such pollutants.

Yot fish, like many other aquatio epscies, can concentrate FCB bty at lasst three
orders of magnitude, and it would be eurprising if FCP residuss wers not deteoctable ia
the fish of the more polluted rivers and lekee. Zitke and Choi (1971) reported & com-
centration of 14.5ppm  in a coho sslmon (Qugophunelva kisutch) from lake Michigem.
Other fieh from Lake Michigan analysed by Veith and Iee (1970) contained 15~25ppm.

Fiuh from the Great MSsmi RBiver (Kromsr, 1971) had up to 150pme, the YCB being dischareed
by paper mills. Zitko {1971) found 0.36~1.01ppm in Aserican el (Anmuills Zemscass)
from Hew Brunawiok (Canads) rivers andy as ithers was no evidensce of indusirial ow

sewage pollution in -u::’ :I‘:::l. %itko coneidersd stmosphorio falloud 4o be o pesaille

ULOS .

(v) Exeahwasex Savesiabxatag Invertetwates are lese often studied then fisd, tut
58dezgren gt al (1972) used the saphipod Qazoasus JUISX " wm indioator crgmnism for
both DDT and D {in streams tn eouthezn Sweden, Tiexe was evidence of a seesonal
variation, nith higher residues levels in Auguat than in April, the FOB connentzetien
being 0,002-0,0%1;pm. A mumber of other iavertebrates wers also exemined, tut FOB

ions navexr ded 0.020p3m, total DDT being up to 0.04éypm.
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(f) Maripe Fisn sod Shelifigh.  Zitko and Cppin(i9T1) sumarissd the saalytical

ditu reported for merine fish, the concentrutiona/in the jresumably unpolluted arees
“ring lres tvan O.1ppm. In aress known to bs polluted,such se the Califmmias coset,
toe Baltic an¢ tho Bay of Fundy, valuse up to 1,0ppn have been found. In a heavily

1o0lluted area suoh as Epcanbia Bay, Florida. concentrations from 4.5 to 20ppm were

detectod, Ticsues containing a high proportion of 1ipids ware more heavily contaminated.

In & wurvey of the organochlorine content of commerciul warine fish speciee from
waters around the United Kingdom, (Portmerm and Folden, unpublished), FCB conoentra~
tions in muscle tiscue ranged from leee than O.ippm in fish such as cod mw
up to 1.5ppm in pleice (Pleuronsctes platesns) and mackerel (Soomber sooghrua) in the
polluted watsrs of the Firth of Clyde. Pish liver refleotsd contaminatiom of the
environment ever more markodly, with oonco.m.rntiou in cod liver ranging from 0.4 to
43pmm. Rxpressed in texrms of extractable 1lipid, FCE levels may rangs from 1ppm in
unpolluted to over JOOpma in polluted areas.

The shellfish most commonly used for pollution ctudies have been aollusce
suck: ap oysters and muosels. However, these speciee sesm to bs able to rid themsalves
of contaminants such ss pesticides relatively quickly, snd the concentrations found
way not slways reflect the external conditions at the time of sampling. Neverthelsss,
persiotent nollution (n estuaries will give rise to abnormally high reeidus levels in
ncrols ae found in curveye made in
Scotland, using Myiilus sdulis. Specimeny in the Firth of Clyde containsd up to
3,0ppm, while in clean waters the ooncentrations of 0.1-0.2pps were more usual, The
svorall range, however, ia not very large.

(s) Marioe PAsckicn  Marins seoplankton, with a significant 1ipid contsnt, aight
be expected to refleot FCB levels in the surrounding aguecus sedium, but two majox
11ffirulties ariss in their use for monitoring., Nooplankton samples usually vary

{n opecies composition, and this may result in s betwsen-sasple variation in XD
:ontent by virtus of the different 1ipid oontents of the various species. Analyses
baged on 11ipid content might, however, reduce tha influence of apsaies compositiom.

A\ mors serious problem arises from the possidility of collecting in the plankicm net
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.m‘-p vu'?':?egn- meterial -:7:::; ships, and tar or oil, which are found almost
sverywhers on the ocean surfase. Nets used for plankton should be closed when entering
or leaving the water surface. As oil is an exsellent solvent for FCB, ewer s small
amount uay produce a significant enhancement of FCB concentrations in plankton semples.
Fzint, Fydraulic fluid or lubricating oll from ships could alse be sources of ICA.
Despite these potential errors, snalyses of mixed soeplankton samples in ﬁ.‘

saptern Atlantic and Firth of Clyds have shown a consistent pattern, the latter com~

taining higher ionm, ac exp from thé local FCB contamination. The

namples from the north-esst Atlantic contained 0,01+~0.11ppm wot weight (0.1 - 4.2ppm

in 1ipid), while smpples from the Firth of Clyde, including scme unpolluted aress,

contained 0,04 - 2.20pmm wet weight (1.1 = 20,0ppo in 1iptd). Extremely high ¥CB

concentrationm ox;resned in terms of extractable 1ipid, were obtainsd from plankten

(nore correctly seston) samyles in the Bristol Charmel, 8.W. Bugland, whers the sedi~

zent s continually disturbed by tidal sovements. The area receives a conaideradls

amount of industriel veste, and FCB valuce of up to TOOOpm in 1ipid were caloulated

seaton. Such a ciftuation would be unlikely in the open ocemn. Recent analyses of

«wwcton From the Clyde suggest that cieoiee composition may have 1ittle influence

on the PC3 levels insooplankton sasples,

(h) Rizds Both terrestrial and aquatic species of birds may socwummlate high ICB
concentrations, but the plscivorous species, particularly in the marine snviromment,
¢enerally contain most. Rissbtrough of al (19689 nom;‘::cl/::{nn of bdeth

DDT group und FCD residuss from a wide range of avian s-ecies in North Americs. Bome
rpecies contained less than 0.011m in muscle tissus, but valuss detween O.1 and ) Dppm
were common, and in wsjsciee feeding on fish in polluted areas conoentrations between 10
and 100ppm were oommon. 2itko and Ched (1971) summarised the analyses of hirds frem o
musber of literaturs refersnces, and in s few mhno'n. such as in the Stockbols
Archipelage, values betwasn 100 and 10,000»:/'::‘ fourd. Such ooncentrations would
seen to be potentially, if not sotually, toxic to the birda., The egge of several spesiss
in contaminated areas have also been found to contain high levels of JCB, scastimee

10 = 100ppm.
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The range of FCB reoidues in birde Srom various locations is thus extremely wids,
“rom 0.01 to 10,000ppm, ord much lzrger than is found in fish, for exsmple. In this
regject, birds would appear to be moct approjriate orgenisms for monjitoring the aistri-
1a tion of FCB in the enviromment, although other considerations wust qualify this Jvdge-

uent, ae dicoussed later.

(1) Marice Nowmals Holden, {1972, ond 1973 in preus) has descrided the analyeis of
seal and porpeise fat (blubber) for orgencchlorine rosiduss, and the varistiom in IC3
concentrations found L semls from different puh‘ of .the world. Comcentrxations in
extractable 1ipid range from tppm in the Arctio to 250ppa on the west ccast of the
Tnited Kingdom, but in staxving speoimens, which have metnbolised most of their fat
roncrves, up to 2600pmm hes been found, The m ons in 11pi4, e

the rosult of staxvaticn strees and reduction of body fab Teserves, is s complicating
factor in the MYee of residue oconcentrations in organisms for assessing the exdent of

1~cal environmontal oontamination.

JCUTTORING ICB IX THE ENVIROMMENT
“he above sumnary hes indicsted the rr~nge of concentrationa of FCD to de foumd
in ‘he epvironment, but befors any eelection of epecies appropriate for monitoring is

made ceveral acpects of the problem of envir tal on met de idared
The oontaminant in question may entor an organiam {rom the external medius, such as
1ir or water, or irum vedimente in the oase of an aguatio filtex-feeder, snd tinw

the medis might be appropriate for sampling end analysis. BHowever, contamination of
water or alr might fluctuate mppreoisbly with time, snd organisms, in which the fluctus~
tione would be reduced, could refleot the general situation more effeotively, whils a¢
“tie came time rwoviding highsr conoentrations for esmsisxr determinatiom. As upteks frvm

foud i¢ an alternmtive, and often the only, source of t $ion in most ep s the
concontration in the external sedium may not be direstly relevant,

Specien of which the individuals mcve over oensidersable distences, -u&: far
eding or on migration, may give residus i{nformation which i 4ifficult to intexpres,

ar \he res!duse may not have besn ingested in the area {rn which the epecizens were
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utt:nln?q. Thue sdult migratory birds are not appropriate monitoring organiams. Yor
:h; u-; rragon, marine fish, which may move from estuarine to coeanio waterw, could
aluc be unsuitable. Freshwater fish which remain in a lakv over & occmplete life-spem,
or invertebrates, which move over relatively short diatances, can on the other hamd
provide information relevant only to their local environment.

A further ipportant consideration in the choioe of species for monitoring is i)..g
sufficient individuale must be available for campling at the required time, without
luving a cignificant influenoe on the total populaticn. Aa residus levels oftem
incyease with age, and may also differ batween the sexss, the specimens may have to
be celecied both for age and sex, this inoressing the rodlem of sempling. Jurthermave,
there ie n;lwm 13 naturu. and sometimes consideradle variation saong individuals within
a population, sven when of oms sex and age. In comsequance, to odtaln a reasomebdly
accurate ewtimats of the mean level of contsminstion in axy coe popalatiom, a lazge
number of individusls say be required, oreating prodlems both in ssmpling snd wnalyeis.

At this point, 1t 1s worth considering the purpows for which s monitoring programme
ray be designed. Initially it ie intended that the level of ocontamination in several
arces %ill be determined, sc that the more leavily contaminat~d sreas can B identified,
and the rources of pollution controlled. Yet, unless these are already known or sum~
pocted, and sanpling areas ohosen sccordingly, a general monitoring progremme is
unlikely 4o reveal wuoh "hot-apota®™, On the other hand, ccntaminatiom over large aves,
or due to sexrial fallout from distant ecurces, may be dsteotsd in & general eurvey.

The mromt.xcm obtained must, hovevexr, be sufficisnily acqurate to establiah
statistically that levels of ocontamination appeaxing to de high wre in fasd
highy by comparison with thoss in other areas. Similarly it showld de possibdle fer

in the on level from year to year to ba Setected sith epiropriate

statistical aignifiomwe, Suwoh information is of valse in ing e

of govermment or industrial sction which has been teken to reduce pollwtiom. The

of the seti of ination lsvels depends in part on the precisiem of

the snalyses, which in turn is on the experi and sfficiancy of the snelywts.

043885
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;,; lurge-scale monitoring jrogrammes many analysts will be involved, tut an adequate

t of their eg nt can be ob 4 by the use of sxchange samples.

| e
i

Pinally, the acquisition of unalytical data 1s not the ultimate purposs of

ronitoring, The underlying fear is that contamination levels may de suffictent to

m~—
I

huve 2dvercs biological effects at one or more points in an sco-system, tut na yed

odequate evidence of such effeotm has been established in very few instamces. It 1a

euse:rtial that the concentrations In various species which are capadle of causing

adverse offects should be determined, whether the effects wre {of exampls, reduced

= -

photosynthetic activity in algas, the fallure to v in inver b 1
behaviour. in vertebrates, or mortality in any species.

OECD STUDIRG OF MNITORING

- —— — -
= (E:
[

The Organitation for Boonomic Co-operation and Development (GACD), in a series
of i{nternstional collaborative studies on the monitoring of organochlorine vesiduss

in the envi. t, has attempted to some of the problems referred to in the
~receding Paragrazhs.

In the eecond programme (Holden, 1970%), tha ability of snalysts in seversl countries
1o obtain the nsms renults, both gualitatively and quantitatively, in the snalysis of

——
-4

exchange samples was meagursd., At that time (1968-69), the varistion betwsen analywts
increaped vith the aifficulty of rrocsssing the samples, and for the only residuss in
~hich thexe was general agresment on identity (dieldrin, DOF, TON and IDP), the ce-
offiolont of verfatton wes 225 to 2608, In the hisd programms (Eoldsn, in preparsticom)
» substantial improvement was noted for ths period 1969-T1, the coefficient of veristiom

for six reatioids residuss and ICha in 1 dring full p ing being 210 te

’-1# among 17 laberatories.
The questicn of the nuaber of individuals of s poypulation required to provids &

sean value of sufffolent precision for deteoting differvnoss between populstions, ow

changes from yerr to year, was also exanined in the esoord [ In beth o Bg

and pike populations (with no selection for age ar sex), fifty ipdivituals would have
been required tc detect a 2% difference between means, but ten would bave been

‘
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oufficient to detect a 776 difference. The aain reason for such low precision was that
the resi’ues in the individuals were usually skewly distriduted, but this mey have beem
due to the variation in age within semples.

The third study programe included the snalysis of FCB residues in additiom to

organochlorine pesticide residuss in selected wildlife species, and samples were

taken from inated snd contual aresas. The results of this
progranme have provided inforwatiom on the extent of IOB contamination, wrd also s
the difficulty of identifying the contaminated areas.

Tt mst be boine in mind that, in commom with al) other FOB snalyses at the
pregent time, the ¥aluse odtained are estimstes of the total POB oconcentratios
expressed in terms of & oomweroial mixture of wpeoified chlortoe content. The pro-
portions of the various isomers and homclogues present in the samples usually Aiffew
from those in the coxsercial mixturss, and no information on the concentratioms of
individual compoundn is afforded by the analycis. The acesasment of the potential
toxicity of the reaidues detected is thua rendered difficult, «nd sy such estimate
mst be regarded with cautiom.

Ten countries ssmpled and spalyeed the mussel (Mxiilua sdulis) in coastal watews,
both in areas considered to de uncontaminatsd and in othsr areas imown to de polluted.
The sssessaent of pollution varies considersbly, woms polluted wreas giving 10D oom-
contration in mussels as low ms 0.02ng/kg, snd ome wipclluted area giving 0.67Tmg/eg.
Aveac with varying degrees of pollution gave valuss of 0.02 - 1.7mg/kg. 4 eimdlaw
s{tuation arose with the esmples of herring ([lumaa harsnsua) snalyved by etght acwme
tries, Those {rom erees olsaeed es unpolluted had thﬂtﬂu 12 wasele tissws
ranging from 0,10 to 0.54ag/kg, but the range in fish/frem polluted aress was 0,19 e
3. 2ug/kge

Preshwater fish show lees evid of POB T™e pike (Iags Jnalng)
sampled in six tries veually tained little JOB even in polluted watexs, the

values generally being less tham O.img/kg. TYet wbere serious pollutiom bty JUB existe
the concentrationa can be muoch highez, ss iz the samples snalysed Yy the Fetherlands,
with POB levels of 0.47 - 0.9%mg/kg.
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Tho egge of fish-eating birds can demonstrate the accumulation of orgsnochlorine
reajdues from their food wry asffectively. Fgge of the heron Andsa m;‘.’}.‘ ﬂ’ ‘ "
inlysed by the United Xingdonm and the Notherlands. In samples from remote arees of
‘e United Kingdom concentrations bulow 0.5ng/kg were found in the egge, with up te

7.3mg/kg in a very polluted ares. In the Ne ds the 18 polluted

arcas were up to ten times greater, 33 ~ Tdmg/kg, This abdility to ooncemtyate residues
in egge was mlso shown by the eanples from two common tern (Stsyma himmda) colomies in
Conads. The relstively uncontaninated oolony gave.2 ~ 4ug/kg FOB Wit that in a palinted
arca contained a mean of 149mg/kg in eggn.
DISCUSSICN, .
thixd 02CD :

The / progrecme has indicated tho diffioultivs of idontifying arees polluted

vrganochlorines, and in particular FCB, by evidenoe other than chamioal analysis.

¢ tly the identification of local of FCB pollution by the asalyeis of

.mdicator or monitoring opecies would sntall a very large and detailed asspling eod
rulytfcal pregracew involving rumsrcus sites. On the other hand, the detestion of
uore genoral pollution over large aress, if such pollution sxists, should be disolosed
Ly & juttemm of fewer sampling sites at whishk an appropriate .peoies could be used for
~enitordng on s regulay basis. Ideally, this epevcies ahould late the :

to such an extent that thers is a considerable difference betwesn FOD aontent of
uncontaninated and polluted specimens. The species should therefors B relatively
resiotant to the effects of the pollutant,

Reforzing to the information provided by the smmi UBCD stuly, comoentrations
of FOB in mweels showed an overall range of about 11100, yuh only & 1130 Tange for
horring. The egge of herons showed o least a range of 15150, and mn even p-‘.-

7 uige aight be covenled by further saaples. 4 herom in the Stockhbols Archipelege was
soupd by Jensen gf sl (1969) to contain 9,400ng/kg in’ausole, whish suggests that egse
from such birds could slso oontsin exoeptionally high lavels.

While au'- Y be partioulsarly useful in revealing areas of pollutiom, the mmbexs
wr.11sdble for awmlysis could be limited., On the other hend speoiss such as musesla or
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Perping oan usually be colleotsd in quantity. The greater mreeisiem
of the ectimation of the mean lavel of contsmination of & populatiom of mmsesls,
herring or similsyabundant speoies oould tharefors be as important im the cheies of
© wonitoring epeaies os the wider range of contamination levels likely %o cesur ia
the sgga of pisoivorous bixds.

A further zugil;::::‘h placed on saapling by the habitat of the -m'h-.

Muceels can only bW frem  cosstal waters, for examples, snd seala, in vhich sxtwemes
in contaaination level have also been demansfrated (Holdem, 1972) axe Limited &» ety
dtstritution. As many seal oolonies are protected, it say be difftcalt te ssquire
more mullhmlw;hﬂlla:unhmh. The major jroblen whioh srises in e seles-
tion of -nb lmvwl;h monitoring speoies for global surveillsnce, howevew, is et
very fow ooour in all areas of the werld, although an ecologically equivalmmt spesies
cen often extend the range. Speoies which sesm 14sal from msmy poiwta of view
(sdequate mmbers, ease of sex and age determivation, aud ¢ seXi) way Do lamited
to the mch_crn henisphere, or to one continens. Marine lp.;l.l - onetinse mowe
widespread, but clearly oanpot reflect contaminatiom in terrestrial or Lxeshwsiter
sivircoments, whers pollution may originabe .

The (BOD studies have snabled some sssessment to bd made of malytieal sseursey,
of the sbility to obtain samples of chossn wpeoiss in the required mmbers (oo of WMo
attendant Aifficulties), and of the ranges of vericus reeifues vhich wxist i pellwted
sod unpolluted ervas. They have alao showe the difficulty ef positively idmtifying
such areas prior to performing the analyses., In partioulsar, the oheise of speates
which would be appropriate for global monitoring has besn wodsr ecustert Liswwseiem, i
no speoier has yed been Ixoposed whioh msets all the requi fot vmh & puxp
It 10 1ikely that o wide variedy of dos mut 11y be d, ¥ wossemad
of the extent of pollution being besed om e Tesulte, from several epecise ia cesh avve,
rather than on sy partisular speoiss.
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