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POLYCHLORINATED BIPHENYLS IN WIi.D BIRDS
IN BRITAIN AND THEIR AVIAN TOXICITY

Jan Paisty, D J. Josirns & N, W, Moont

Monks Wood Expecimental Station, Abhots Ripton, Huntingdon, England
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‘ABSTRACT

The amounts of polychlorinated biphenyl ¢ PC8 compounds prescae in the livers and

oxgs of wild Mreds in Britain were determined by gas-liquid chromatograph. Most of

the $59 specimens came from predatory hirds obiained betwern April 1966 and
August V0GR, PCB was found in 1erzestrial species from most rezions af Britain, in
all the individual and bulked samples of seubird eggs examined from one west coas
und two cast roust colonies and in most of the freshwater species collected from the
ahllands, east and south of England. The highest liver residues were found in fresh-
water fish-foeding hirds tup 10 ca 900 ppmy and bird-feeding raptors 'up 10 70
ppm-. The levels present are similar to those of pp'-DDE. An indication of the avian
toNicity of one PC8 was obiained by feeding Arochlor 1254 to Bengalese finches.
The extimated dose rate for 50°,, mortality at 56 days was 254 mg 'kg day. A1 this

+ dose rate the calevlated mean liver content was 345 ppm. It has only |13 the toxicity

of DOT, but could be more toxic at low doses because It appeurs to have a more
uradial mortulity curve than DDT Al birds dying from PCB hud enlarged kidneys
and before death some displaved apparent leg paralysis or body und wing rrembling.
1t was conchuled that PC B is unlikely to have caused widespread lethal toxiry in wild

predatory birds in Britain, but could be a component cause of the present breeding “
)

Jatlure reported in severol species.

INTRODLUCTION

Studies of organochlorine insecticide residues in eggs of sea birus and in livers and

eggs of predatory hirds have been in progress at this experimental station since the

early 19605 (Moure & Tatton, 1965; Prestt. 1966). The chemical analyses were

made by gas-liquid ch graphy. using el capture detection. In addition
3
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to peaks correspondin+ to such organochlorine pesiicides as BHC. dieldrin and
DOT and its metabohites, it was not unusual for an additional series of peaks to

nnmar on the chromnngrams There were as many as 10 of these peaks. corre-.

g 10 A pounds. Roburn (1963) established that these were
nmannchlonnc in natare and for some time vl was generally supposed that lhcv
were either further breakdown or cond ducts of the or hlorine
pesticides or pussibly loose compounds of these wm\ natural products such as
protein matter. ln 1966, however, Jenson succeeded in identifying a series of such
peaks, in the tissues of 200 pike { £sox lucius) from different parts of Sweden and in
the feathers of & Swedish white-tailed eagle (Haliaeetus alhicilla), as corresponding
to polychlorinated biphenyl (PCB) compounds. Following this Holmes e al. (1967)
showed that the long retention time compounds occurring in British wild bird
specimens were also PCBs and since 1966 these have been quantified in addition
to the organochlorine insecticide residues.

This paper gives detuils of the amounts of PCB that have been found to date
in wild birds and their eggs in Britain and also the results from a laboratory
experiment in which a PCH was fed to the Bengalese finch (Lonchura striata).

ANALYTICAL PROCENDURE

The material obtained from the laboratory specimens was analysed at Monks
Wood Experimental Station by M. C. Frehch, First. all specimens were ground
with sand and anhydrous sodium sulphate and extracted with hot n-hexane and
acelone, The extract was cleancd up by the technique of de Faubert Maunder e al,
(1964) and subjected 1o alumina column chromatography. The final hexane extracts
were analysed using gas-liquid chromatography with electron capture detection,
The columns used were packed with Silicone/Epikote on Diatomite CQ. The
Arochlor 1254 fed 1o the laboratory birds gave a serics of six. main peaks
on the chromatogram. As there were no changes in the relative peak heights
pared with the standards (M. C. French, in preparation), quantification of the
residue wans simphified by comparing the height of peak 2 with that of the standard.
Confi of the quantity was obtained by the second technique of comparing
the total area under the peaks.
Wild bird specimens were analysed on our behalf by the Laboratory of the

Government Chemist. The technique used was similar to the above but quantifica-

tion of the PCB resiclue was miade more difficult awing to the presence of organo-
chlorine insecticides. These were separated from the PCB-type compounds by
silica gel column cliromatography prior 1o gas-liquid chromatography. Other
methods of separation are discussed by Holmes er a/. (1967) of the Laboratory of
the Government Chemist. The lack of correspondence between relative peak lmglm

* on the ch tograms of the speci and of ial PCB prep 3
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and in some instunces the compleie absence of certain peaks from the former.
prevents the determination of the amounts present by direct comparison, The
anessment of the amounts of PCB was therefore based on peak heights produced
by the electron capture detecior related to standards of pp-DDE and dicldrin
(see similae technique used by Risebrough ¢ al. (1968)). As the pattern of PCB
peubs s frequently sumilar for differemt samples. and as the sume method ol com-
putation is applied to all. the values reported reflect the relationship of the lesels
between samples rather than the absolute evel in each. The figures shown for
wildlife samples should therefore be interpreted in this light. Results up to 10 purts
per million have been given to the nearest. between 10 and 30 ppm to the nearest
$ ppm. above Y0 ppm to the nearest 10 ppm. and above 200 to the nei.rest 100

STUDIES OF WILD BIRDS

Specimens examined
Analyses for PCB have been completed fora total of 196 liversfeom 33 sf ecies and

of 363 eggs from 28 species (see Table 1). The specimens were obtained between
April 1966 and August 1968. The scabird eggs were collected from Scelt Head.
Notfolh: St. Abbs Head. Berwickshire: the Mull of Gallowuy. Wigtewnshire:
and one of a great skua (Stercorarius skua) from Handa, Sutherland. They were
part of the annual sample of seadird eggs collected for monitoring insccticides
{Moore & Tawton. 1965: Moore. unpublished). Most of the heron (drdea cinerea)
and moorhen (Gallinula chloropus) specimens came (rom castern Englund, being
part of the maicrial collccted during a detailed study of the heron (Prestt. in press).
‘The bird of prey wpecimens were sent throughout the year from various parts of
Britain and represent part of the routine continuous collection being carried out
to follow changes in the insecticide residues in British predatory birds (Prestt,
1967,

Most of the eggs were collected when fresh and alter receipt at the laboratory
the entire contents of each egg were blown into a giass phial and stored at - 20 C
until analysed. The livers were remosed during autopsy and also stored in glass
phials st ~20°C until analysed.

Geographical distribution of PCE

Terresirial.—Birds can only be used as indicators of local conditions if it is
established that they are resident in 8 particular area. A total of 138 liver specimens
from terrestrial species (f.e. birds occupying terrestrial habitaty and fecding mainly
on terrestrial organisms) has been analysed 1o date for PCB. Ali but eight were from
birds of prey: 75 (54%) of the specimens were from largely sedentary species—
golden eagie (Aquila chrysadios), sparcow-hawk (Accipiter nisus), peregrine (Falco

.
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TABLE 1
FCB RESILIS T LIRS AND K4S OF WD SIROS IX SRTTAN (1966 &)

Exs
No. (hu; Arithemetic Ne. n-..; Arithmctic
- o) fnind putd t
apecimens gl fpebe apecimens ogindy oo §
Podicipidac Great Crested Grete Pudiceps crisiara s 3 40 % 1 © =
Siavonian LA -riv:'m il 2 11 B
Little Grebx 2. ruficelis 2 413 =
Phalacrocoracidac  Shag Phalacrocorax aristotelis n 4 ©
Ardeidae Heron Ardent cinerea 1% 0 cx%0 " 1ot 0-3%0 s :
Heron nestlings s 1-30 5 b
Bitiern Borowrus stelforis 2 110 3
Asatidae Whooper Swan Cremes crgms 2 ] E
. Faloomidac Golden vla cheysobtos s 015 4 2 [
wwm:m ” lg 05 oS s o1 z
Rough-iegged Buzzard 2. lgrupus L]
Sparrow-Hawk Accipirer ni ) 16 1-40 14 48 o-10 33 i
Kite Milvus mifrus 3 2 3 R =
Hon-Harricr Cireus ¢rumens 1 3 3 0-2 8
Osprey Pandion haliaetas 2 5-20 2 02 »
Hobby Fdrw swhhuter [} ° Z! °! =
Percgrine F. peregrives 6 "3
Merlin F. 7t 2 0 -3 2-4
Kestret £ timmrcnly s Ly 02 3 3 0-2
Balcaricidae Water Rail Reffus ayaaticns ] [}
Moortn Galtinwda chloropers o o-is 24
M. : O s M. ’ g ° ot o3
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Charpdrintac Lapwing ¥ .

Ringed Plover Churandsior hivtvs ol
Scolopecidac Woodcock Scvkopes ravicwle
Swrcovarikdac Great Skes Srevcwwwrin skuw
Laridae ' Lovas argentutns

Stack Goll L. rideswes

Common Tern Seevmer hirsnchs

Sendwich Tom S. semdvicewsin
Alkidae Razorbifl Alea torda

Lictle Auk Plowns offc

gk Bamn-Ow! Tyt altw

Swigidac Little Owl Al;rn' noctens

Tawny Owl Swrix afwee

Owl Asiv efex

Shortcared Owl 4. flamwrcews
Alkedinidac Kimgfisher Afeedks atthis
Hicundinidac Swallow Hirsmdo rustica
Corvidac Raven Corvas corex

Carrion Crow €, corme

Rook C. fregifcgus
Laniidac Great Grey Shrike Lawins exabitor
Sturnidae Stacling Sturwus enfraric

Totat

* Doman spacimem tutcd
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geversed Liquid-Liquid Partition in Determination of
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polychlorinated Bipheny! (PCB) and Chlorinated Pesticides In Water

opt AHan' and Stren Jensen®

ot S o N, Uity o2 80t N, $-104 88, S 23kl 5)

anew method based on an application of the commen
.m"r‘ul ‘quu_l_‘—n:'ulg_u.rﬁ‘og maethed 18 described
o the

Rohm and ‘Hus (5) and slto found to be Rghi) ez em: e

pestisides from waler.
u his methed the water is nn:, trough 4 fliter
rams) containing a mmu“ o-un‘o?w [}

the of ides from water,

ox 4000 monostesrate en Chremoter [
20 absorbed pesticidas 8re Sluted with boireioum m“,.m"m.:mmh'u mmmm“wlm .
her (10 mi). When 4 meany o & B8 i earrier soated D @ tocpbite wath >
;-nmlouum o‘mm with sn_ electron capture : Poned acTiny phin
taster, the sensitlvity wn’n- of lindane with followed by recovery from the column by means of 8 wral

o SRR

srcialhes

EXPERTMENTAL
and Equipment. a-Undecane, {(purum, b.p. 195~

keI
mw

i with portions of concenteated suluric acid
isvous exteaction with an orgenic solvent (7, 2) ot adeorption m W&um“ﬁ“ﬂ'“mﬂm
¥ Mot containing activated carbos (7). These methods e e e e 2 o 1 3% O,
#, howover, rather time concuming owing (o & long @x- 1 \'o " Gigilied s I-meter column Alied with
action Ume, both from the water end from the carbon. mumﬁ'mm'mmmm ™
The snshivity of the dilferent methods depende mosly 08 peqd of the column s ftted 16 6 stitl-hesd condenser adjusted
& way of duivction and the uod volume of water. This for reflux. The salyents are icstod on
tha wd Wayman (/ d sovarpl hundred Hiors gaéa 10 the same 0 { the analysis,
et with petroloum eiher, ‘The spoed of exiraciion was manasiearaie (GP 27) wes nd from
1 bher/ ! y of addod posticide wag 83-10%. Al Wﬂ"w Ine.
‘w&‘m“wh‘”“.‘n“: The Aligr column wee 30 cm X | om i.d. with & glass-filter

: disk © ) (100-120 g} A M-l gradueted contrifugation
& chlorinated hydrocarbons from the carbon with chle- S8 € 1 (10 o chromelographic columa way
v, The focovery wes 75-36% end the 2.5-pom tevel  oroyilicarc glam, 160 om X 0.00 o,
« roachod with infrared dotoction. Breidenbech (7) found All the o washed wilh dutergent, heaied in 8
33 hours” extraction with chioroform wes mocestary for mixturs of sulfuris acid-mitric acid (4:1) 10 70 °C and rinsed
mplets recovery of the chlorianted hydrecasbons from the with dlstiled weler. Aler the glasoware is checked
m&mmuumtum wmmmur»m lOBthﬂ:‘nmgc"
Jocent peogres of thee two methods will be found fa 1n  Ssteciar et ¢ Vorise Aarograoh 204, Wi s Speedomes
wlent review by Thornbutg and Becksan (/). G-1 mV recerder. Paper vulzho-.ﬁ'ow.
Ou inisntion In the provent work M boem 10 doveiop an  Cos, Crrmmelogreny. m onteirag—
dar mathod thaa the sbove mentionsd, in which it could bl H Chromosort

wible to reach the proposed Jevel of ehloriasted Aydrd mmm‘f”’““iﬁ
Aons in nelursl water in Sweden, with & Slach seve. Qo spood is 3 mi
Icsuse of the oleophilic character of the chlorioated pev Priacior and ompersivre is 209 and
wicides, & posidie method might be besed on the com- 230 T ! s was cacoes
“wiy used roversed phase partition method. 0 sivg DDT g manmmq
Netition of orgaale material from water by meens of Progasetion of Material. grame of Carbowax
abarite XAD (o eress-tinked polymer) was first weed Iy wwdnmdmmm
in 108 mi of scetons in ¢ ens-lier round-botiomed Sask.
"hresent 0ddress, Dustitwiot fir Vition—osh Luhvirdworskaing,  Ond hndend srams of Cheomonord W is edded followed by
aing Kristinss vig 47D, 134 20, Brackholn. additignal sceions to cover oll eupgort. The acetons s
m‘ruu-. Koml I, Ulwas, 79007, evaporsied (a & rotavepor apparsius uader slightly dimin-
. Fariion snd Prociplation Prossturs. Thewe gume of
Lm““"‘"‘"&"‘*mh"%""’“ amu&.o&dhx&hﬁnm:
-A A Rosn, aad B M. Middiston, Sid 3, 1720 (199). an all-glass flting. In laboratory work, the lower end of
A, W, Breldenbach o of., “The Lentification snd e cotuma is comected
of Chiorinated Mydroosrbon Pesticides in Surfacs Watens,” uma 10 8 waler suction and in the
U. 8. Department of the Iaerier Federsl Water Poliution Coatrei 036 wock, 16 any other kind of vacuum The vacuum
o ooy gt Dacknen, At Crme, 41, 1R
199). ' (5) Roben & Hass, Chom, Eng. News, &4, 34 (o 17, 1966).
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graphicul lucalities and PCB residues found in the livers of ereesitial

v
Fig. \. Shnw(u lhe_m'o
predatory wild dirds. specimens were collected during 1966-68 and were found dead or dying.
A different symbol has been used to distinguish non-migratory birds, partial migrants and migrants,
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PCUipp™
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Fig. 2. Showing the geographical localities and PCB residues found in the iivers of freshwater
[ MI birds. The specimens were collecied during 1966-68 and were found dead or dying.
I\: spocics included are on-migrat " 'l’ g\:‘y could mcl\m some Herons which had

migrated (o n.
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' POLYCHLORINATID WIPHENYLS 1N WILD HIRDS IN BRIDAIN 1
with more thun 10 ppm PCB present in the liser have been obtained from wll parts
of the arca represented by the sample and only 12 (27%,) of the 45 specimens had
less than | ppm. Again the cgg analyses give @ similar result 10 those from the
lvers, with < 1 ppm only being found in 38 (37°,) out of 102 cges analysed. These
Handengs show that PCBhas heen obtained by freshwater lish-feeding species in all
parts of the midlands, cast and south-cast England. and suggest that about twao
thirds of the individuals in this area may contain PCB in considerable amounts,
Macine.~ The Scolt Head cgp sample contained 10 sandwich vern (Sierne
samdvicensis) eggs analysed individually, and 10 common tern (S. hirundo) cgg~
bulked: the Mull of Galloway samplc contained 7 bulked guillemot (L ria aalgac)
¢ges. 6 bulked shag (Phalacrocorax aristorelis) eggs. 6 bulked razorbill ( {lca torday
epgs and 6 bulked kittiwake (Rissa tridactyla) eggs : and the St, Abbs Head sample
*$ bulked shag cggs. B bulked guillemot cges. 1 single guiliemot egg. | herring-pull
(Lorus argentatus) egg. 5 bulked razorbill eggs and 7 bulked kittinake eggs. PCB
was present in all the bulked samples of all species. it was also preseni in all the
10 individual sandwich tern eges and the single guillemot. herring-gull and skua
€gg. Thesc resuits show PCB to have been present in all of several species sampled
al three widely separated seabird colonies round the British coast. Tne organe-
chlorine residues in four specics examined in 1967 on both the east and west consts

were: .
T T USi abhs Heed teavi const)  Mull of Galloway (xest ety
PCO  pp-DDE  dhckirin 'C8  pp-DD. dickirin
tppm)  (ppm) 1 ppm) {ppm} (ppm) (pprr)
Guillemotr % opes 3 07 (3] T epgs 1] 20 (3]
Razwrbill S egge 6 10 0 6 egys 7 8] [ 3]
Shag S ey 3 16 10 6 eggs s 22 16
Kittiwake 7 eggs ) 02 2] 6egps 8 (3} [ 4

PCB related to diet

The terrestrial specics examined have heen divided into hive categories on the
basis of their main food preterences: bird-feeders: mammal-feeders: carrion-.
bird- and mammal-feeders: and insect-fecders. The amount ot PCB present appears
to very b the gories. This is supgested by the differences in the ranges
of residues present (Table 2), the highest levels (70 ppm and S0 ppm) being in the
bird- and mammal-feeders compared with 1S ppm and | ppm in the other twe
categorics. The same differences are found in the cgg residue figures, residucs w
high as 10 ppm being found in the 84 eggs of bird-feeding species (merlin 3. long-
earcd owl 4, peregrine 29, sparrow-hawk 48). up to only 5 ppin in mammal-fecders
(barn owl 4, kestrel 3), and none being recorded in the 23 egys from species in the
carrions, mammal. and bird-fecding category (kite (Milvius milvus) 3, goiden cagle
15, buzzard 5). The 1$ golden eagic eggs that contained no PCB were from inland
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TABLE 2

LIVER RESIDUES OF PCB RELATED TO DIES IN THRREMIRIAL SPECHS OBEAINGD THROUGHOUT SR1T 0N

(a4

Soxsies twith umber of ach  Meta " Shortcarcd OWl () Buzzand (107
in brackets) Speccow-hawuk (16) Tawny Owl %] Kite (3} Swaliow (1)
Kestrel (47) Rough-egged Buzzard {3) Litile Owl (9)
Bln O\l 22) Golden Eagke (5)
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' POLYCHLORINATLD BIPHENYLS IN WILD BIRDS IN BRITAIN i3

eyries: in contrast an eaglet from North Uist. where the golden eagle's prey
includes seahirds, proved 10 comain 17 ppm PCB.

The freshwater Ash-feeding birds examined were mostly obtained from the
midlands, cast and south-cast of England. so in Table 3 the liver residucs from
these huve heen compured 10 those in specimens of resident bird-feeding and

I-fecding species nbtained from the same area. The numbers examincd of
Mrds and mammal-feeders, particularly of the former. are smail but the resuits
are of a similar order to those obtained from specimens from these same categories

TABLE 3
LIVER RIMDUES OF PCB RELATED TO DIET, IN SPECIMENS FROM THE MIDLANDS, EAST AND MWTH OF
ENGLAND

) Principal /oud

(ppm) Birds Mammals Iz \umh Ilﬂllhlm‘"
Range tmin man) -4 o (=T
PR [V s I8 Y ——

Seecies (with numbor of sach  Sparrow-hawk (6) Tawny-owi (31 Bitiern (2)
shvan in parentheses) Bam-owl (1%) mem (12
Great Crewed Grebc Wy
Lluk anc(

coliected (rom all parts of Britain (see Table 2). The wide range and very high
lesols found in some of the fish-feeders. ¢.g. ca. 900 ppm in a heron from Hathersage
n Derbysiure and ca. 300 ppm in a heron from Settle in Yorkshire, indicate thut
PCH hus apparently been very much more readily obtained und or retained by
predatory birds in the freshwater habitats in this area of England. than by terrestrial
predatory birds in this or any other part of Britain.

4 comparison between the amounts of PCB amd organochlorine insecticides
A sufficiently large sample of heron g and kestrel livers has now been examined
o provide an indication of the vari in of the organochlorine com-
pounds present within one species. Figure 3A shows the residues of dieidrin.
pp'-DDE and PCB, the only compounds present in significant amounts, found in
100 heron eggs obtained in 1968 from 6 colonies in cast England. Of the three
pounds the dieldri idues are the most limited in range and do not excecd
&8 ppm. whereas those for both PCB and pp’-DDE extend over a greater range to
40 ppm and 265 ppm respectively. There is. however. a larger number of eggs with
< | ppm PCB (60) than with less than the same amount of dieldrin (42) and

pp-DDE (15), suggesting that of the three PCB is gencrally present in smaller

amounts in (hese herons.

-
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A similar ison of the distribution of residucs of the same theee compounds
in 47 kestrel livers is given in Fig. 3B. Again the dieldrin residues have & more
Jimited range compared with those of PCB and pp'-DDE, particularly as two of the
specimens with high dieldrin residues (15 and 18 ppm) probably died from dicldrin

.0
38+
30

(&) Heron egqs

Al
‘ot 40 ppm 8
1 01 80 porm

Numper of speconens
>

(B) Kesirat hvers

] ——
<@l % 0 35 20 W<i) 3 0 B 20 <l 8 O 0 5 0
PCB (pom) Draiorm (ppm) pp-DDE {ppm)

Fig. ). Showing the residues of PCB, dieldrin and pp™-DDE in per million in (A) heron ¢,
(amln contents, wet waight) and (B) kestrel livers (wet weight! og::'hu in Britain during | m‘@

poisoning (Presit er al.. 1968). Unlike the heron eggs, however, there is a larger
number of liver specimens with < 2 ppm dicldrin (40) than with less than this
amount of PCB (22) or pp'-DDE (23), suggesting that there is & greater ratio of
PCB to dieldrin and pp'-DDE in the kestrel livers than in the heron eggs.

LABORATORY EXPERIMENTS ON THE YOXICITY OF A PCB

Experimental procedure
The avian loxicily of one of the polychiorinated biphenyls was tested on the
Bengalese finch, a d icated form of the sharp-tailed ﬁnch (Lonchura siriata)

(Emlldlm). This bird was chosen as it is easily maintained in the lab y and £
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]

‘lm been used at Monks Wood Experimental Station for long-term testing ol the
sublcthal and lethal toxiaitics of pp-DDT (Jefferies. 1967).

:A proprictary cage-bird rearing food (composed of biscuit menl, dried milk,
soys bean meal and maw seed) was used as the vehicle for the PCB. The PCB used
was one of the more highly chiorinated types—Arochior 1254 (biphenyl with 547,
w, w of chiorine), This PCB was chosen as the pattern of peaks produced on u gas-
liquid chromatogram was similar to that found in wildlife specimens examined at
Monks Wood Experimental Station. A 20.000 ppm ‘master-mix’ of this material
in the rearing food was made as follows: 4 g of the PCB was weighed into a foil
boat and this was then placed in a beaker ining 70 ml of and the
slution stirred with a glass rod. The contents of the beaker were then tipped into
8 2 Ib Kilner jar containing 196 ¢ of the rearing food ground to a powder (as PCB

is & resinous material the difficulty of weighing out a defi was overcome
e altering the weight of rearing food to the amount of PCB weighed outs. The
heaker and glass rod were then washed with two separate 30 ml of

which were also added to the contents of the Kilner jar. The acetone was evaporated
from the rearing food for 10 hours at room temperature. when no smell of acetone
could be detected. Finally. the ‘master-mix’ was blended thoroughly by turning the
jar on a tumbler mixer for 2 hours. A contrel diet was treated in the same way.
Exght other dictary levels from 10,000 to 75 ppm (sce Table 4) were made up in
Keiner jurs by diluting the ‘master-mix’ with finely-ground rearing food. Each mix-
ture was then tumbled for 2 hours. A fresh ‘master-mix’ was made at approximately
weekly intervals and ail mixtures were stored in Lhe scaled jars at 4°C. A test analysis
of 09387 g of a 5.000 ppm mixture showed a concentration of 5,028 ppm PCB.
Thirty-eight adult (i.e. over 4 months) Bengalese finches. mean weight 14:17 =
0:17 g. were placed separately in cages 61 x 41 x 38 cm and maintained at 16 C.
Each cage was provided with cuttlefish, grit. water and the standard diet of canary
and millet seed. The numbers of hirds on each of the 10 dietary levels arc indicated
in Table 4. The PCB-rearing food mixtures were given to xhe ml birds as only
pant of their diet. This technique was used to o the p problem of the
PCB rendering the food unacceptable 1o some mdmduals. which may prefer to
starve rather than eat the contaminated food and starvation could obscure any
real effects of the PCB. Thus the standard seed diet was removed from each cage
at 14.00 hours and one hour's starvation given before the PCB/rearing food mixture
was presented for two hours. A mixture of 1-5 g of PCB/rearing food with i-5 g
of water was given each time. mixed to a dry paste. At 17.00 hours the standard
s aiet was replaced. It was found necessary 1o measure the intake ol the test

deet. as the ption varicd iderably within each concentration fed. An
evaporation control, set up each day. allowed compensation for this loss and the
lculation of the PCB piion for cach bird in uig/day (see means in Tabie 4).

With this form of feeding. the actuul parts per million of PCB in the totul diet
are much lower than that in the PCB/rearing food mixtures given. An earlier series

MONS 086975



L} 16 JAN PRENTT, D. ), JEFPERIES, N. W, MOORE

of tests uun( em:(ly the same mai nce at vari s showed that
the rel, t food plion (i.e. weight of u.»ed minus husks plus
dry weight of umn. food). body weight and temperature was given by the equation
y = J95-50 - 5:25x (where y = mg consumption of dry food/gram of body weight/ §
day and x = mean duily temperature in  C). Using this equation the concentrations
of PCB in the total diet (4414 g of food/bird/day) were calcuiated for purposcs or[

comparison with other work (see Table 4).

TABLE 4

THE RANGE OF TEST DIETS CONTAINING PCB FED 10 J8 LABORATORY-MAINTAINID BENGALISE HINCHIS
POR 56 DAYE AS PART OF THEIR NORMAL DIBY. THE MEAN WEIGHED INTAKE OF PCR AND THE

CALCULATAD TOTAL DHTARY LEVEL ARE ALID GIVEN R
Parilel dictary level  Number r,0f birds used  Meon PC" comnwlou Calewlated mml '
(ppm) B) q dietary level { ppm) l
Conirol 6 - 0 1]
¥ 2 - 26 []
250 1 73 17 E
00 2 i 128 28
1,000 4 t 217 9 i
1,500 4 - W 83
2,000 2 i 302 14 g
3.000 2 1 1011 29
10,000 4 ' 1,334 32
20.000 4 - 1,940 0

The 38 birds were maintaincd on the above test diets for 8 weeks. Those still
ahve at the end of this period were killed with ether cxcept for $ test birds (75-2.000 [ )
ppin diets) and 3 controls which were starved for 21 hours prior to being killed. £%". -

1,

This was done in order to eval the t of PCB relcased from the depot
fat into morc sensitive organs when a bird is under stress, as in bad weather or
after long flights or iliness. All birds were examined and the brain, liver. kidneys
and heart weighed. The livers of ail test birds and the brains of most wers analysed
for PCB concentration. 3

Avian toxicity of PC8B
Seven birds died during the 56 days on the test diets of PCB. Deaths ocvurred [
at 17, 18, 21, 26, 32, 40 and 42 deys with no apparent correlation of time with dose §-/
rate. No mortality occurred in the control. -
One of the carlier symptoms of PCB poisoning was an apparent lack of balance [ ;.
at perching. Later three birds which died showed a form of paralysis in the legs. N
with one leg carrying all the weight whilss the other was splayed out 1o one side

with foot closed. Before death some birds showed body bling with shaking
wings.

As the consumption of PCB varied considerably at each dietary level, the birds
were regrouped before caiculation of the LD3SO according to their individual §.
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conumplion in mg PCB kg body weight ‘day. Five dosed groups were used hesides
the control. Thexe were 0-12. 12-36. 36 72, 72 144 und > )44 my kg das. The
perventage survival in each group, together with meun dose rate und number i the
group are shown in Fig. 4. None of these dose rates produced 100, mortaity,
The highest mortality. ane out of two hirds, was shown at the highest dose rate

a6 10 » 3 8 2
b: o 6 24 55 101 171 mo/kg/doy
o s 107 161 218 283 ppm

SURVIVAL

PERCENT
~
o

P FOTY dnmemdarrduedanhebeded v d

) 10 100 1000
DOSE RATE (mg/kg/doy +1 )
© Fig. 4. The percantage sursival within cach of the fiv ¢ dlose rate groups and control a) numbnrs

in vach group: (b) mesn dose rate in each p and the cakulated mortality curve. The nkulaml
liver concentrations m—':um wet weight are also shown (¢).

with a mean of 170:7 mg kg day. The (actors limiting the production of higher
mortality figures were the low toxicity of the material and 1he apparent unaccepts
abllity of very high concentrations in the food. There was a significant correlation
between the concentration of PCB in the ood and the smount caten (y = 0:5327 -
00975, where x = log ppm PCB in test diet and y = grams dry rearing food

G
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eaten per day. r = —0-6581; DF = 30. P < 0 I %). Thus as the concentration in
the test diet i d. the daily d. ] ing the top dietary
level from 20,000 to 40.000 ppm would not have gmlly increased the daily intake
of PCB.

The mortality curve and regl ion were alculated by probit analysis
tsee Fig. 4). The equation was found to  be y = 2:8826 + 0-8807x (where x = log
dose rute in mgrkg/day and y = percentage mortality in probits) and the estimated
LDSO 86 days was 24042 & 0-5763 log units (= 2536 mgrkg duy or w total of
14,200 mg/kg for the 56 duys). Estimated dose rates lor 78, and 997 mortality
uning this cquation are 1,462 and 112,100 mg/kg'day respectively. These quantities
would be difficult 10 achicve using the present fceding technigue

Of the five starved PCU birds, one died after 20 hours and a second after 2}
hours sarsation. At this time the remaining three were on their cage floors showing
signs ol stress and two were trembling: all starved birds were then killed with ether,
The control birdy were perching and one was flying normally after the same period
of starvation.

There 1s very lutle published work on the avian toxicity of the PCBs with which
to compare these findings. Flick er al. (1965) fed Arochlor 1242 at levels of 200 and
400 ppm in the diet to one-day-old white leghorn cockerels in order to compare the
response with the symptoms of chicks sulfering from a new pathological disorder
known as ‘Chick Edema Divease’ (Schmittie er a/.. 1958). Unfortunately the
Arochlor was fed for three weeks only, by which time three out of 24 birds hud
dred on the 400 ppm diet. This result is somewhat similar to that of the present
experiment, where three out of the seven birds which died on diets up to 440 ppm

. had done 50 by three weeks. Koeman er a/. (1969) fed a diet containing 2000 ppm of
Phenochior DP6 to 20 Japanese quail (Coturmix coturnix), all of which died in S
days. This total dietary lcvel was not achieved in the present experiment but, using
the data in Table 4. an approximation would suggest that this might have resulted
in an intake of 10.000 sig‘day. Figure 4 shows that this would have produced a
similar. almost complete mortality in a similar number of Bengalese finches.

Body weights, organ weights and post-morrem findings

During the 36-day period of the experiment the controls increased in body
weight by & mean of 3%,. The 20 dosed birds killed at the end of the experiment
aiso had a net mean gain (6%). Birds dying of PCB poisoning had s net mean loss
of 13°,. which was similar to the mean loss of 14 % shown by the birds which were
starved for 21 hours.

The weights of the liver. heart and kidneys of each bird were reiated to its
brain weight (mean 0453 + 0008 g: this forms a better indicator of body size
than the more variable body weight) by calculating the percentages organ weight/
brain weight x 100/1. The liver percentags was similar in controis (139-5%,), PCB
birds killed (136:6%) and birds dying of PCB poisoning (143-0%). However,
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n PCB birds starved for 21 hours. the liver percentage was consulerably decreased
o M7, presumably due 1o the loss of organ fat. The heart percentage was
hghtly increased from 34:1", in the controls to 40:9*,, in the PC birds killed and
o 440°%, in those dying of PCH poisoning. Two of the males which died had
wart pmmlule\ of S1oand 82, which are vutside the range of normal heart
wercentages for males of this |p¢ciea (Jefferies. 1969). The kidney percentage was
inalar in the controls (32-4 ) and the PCB birds killed (M)-8",) but was very much
irgeer 10 the birds which died (SX-5°,). There wis probably & slight reduction in the
wincy weight of the starved birds (28-0",,).

‘The most obvious gross pathological change secn on post-mortem examination
& all the hirds dying from PCB poisoning was the enlargement of the kidness.
vho. two of these birds showed considerable amounts of Auid in the pericardial
a. Hydropericards were mentioned by both Flick er al. (196%) and Koeman
1 ol. (1969) in chickens and quail poisoned with PCBs. Flick er al. also found
omiderable kidney enlargement. Very little depot fat was found in the birds
1ning from PCB poisoning and none in those starved for 21 hours.

[Concentration of PCB in the organs of living and dead hirds
The brain and liver of one of the control birds were Annhscd at the end ol the
experiment and no PCB was detected.
The concentrations of PCB in the livers of the 20 birds killed immediately atter
.he end of the experiment ranged (rom 3 to 634 ppm. that in the seven birds dying
rom PCB poisoning (rom 70 to 697 ppm. These concentrations are shown plotted
gainst dove eate 1n Fig. & The concentrations found in birds killed und hirds
tying overlap coniderably. There was a significunt correlation between the dose
e and the conventration of PCB in the liver (y = | 336 + 0-S00x, where
= log ppm PCB in liver and x = log dose rate in mg'kg duy: r = 08414
IF = 25: P < 1°,). Using this equation the liver \tions for cach of the
iose rate groups were calculated and are shown in Fig. 4. The variation in the
wer PCB concentration at any one dinc rate is extremely large (the 95", conlidence
innits are 0:9490 units of y above and below the regression line—e.g. Tor the LDS0
of 253:6 mg kg'day the liver PCB concentration would be 345 ppm with limits from
9 to 070 ppm). This may be due partly to variation in fat content since the liser
oncentration in the starved birds, as well as being much higher (69 to 1.214 ppm)
a8 not 5o variable (see top of Fig. $). However. the variation is too great for this

Ibe lln sole cwu.
The i of the ion of PCB in the brain to that in the iiver
8% enamined l‘or each group of experi I birds by calculating the p 8

rain ppm/liver ppm x 100/1. In the PCB birds killed at the end of the experiment
: was low, a mean of 264 £ 6-1 %. whereas in those dying from PCB poisoning
 Was over three times higher, 83:7 & 7-4°,, In the starved PCB birds the percentage
88 between the two at 476 £ 7:3°,.

.
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One bird (15:04 g), fed 1.500 ppm PCB and killed at the end of the experiment, B
was submitted to total body analysis t0 find the percentuge storage of the PCB
sonsumed. The brain (0:42 g), liver (0:63 g) and depot fat (0:2) g) were analysed

F-
1000 | o o
F o’
o L]
100 - g
« f
E .
- L .
.
z
101
e F
s
[ 9 ol
i [ ]
o
a -
, 2 dedemdd A 14 I A4 312421 A
1 10 ' 100

DOSE RATE (mg/kg/day)

Fig. 5. The concenirations of PCB found in the livers of birds killed (@), birds d (:)and
. birds starved () correiated with their dose rates. ving ()

separately. The rest of the body was weighed (12:20 g) and analysed together. The
total body weight was made up by gut contents (0-84 g) and feathers (0-72 g).
PCB content of the brain (6ug: 14 ppm), liver (16 ug: 25 ppm), fat (132 ug; 574 § J

MONS 086980




'3 ' POLVCHLORINATED BIPHLNYLS IN WILE BERDS IN HRITAIN 2
v and rexs of body (750 sig: 61 ppm) was 904 ig. This bird consumed 10,245
ug of PCB and 30 stored 9", of the PCB it had eaten. It is stored in the depot and
wrgan fat of the body.

Comparison af the toxicity of PCB with that of organochinrine insecticides

Long-term experiments on the sublcthal and lethal toxicity of DT and v
netabolites have been carried out using this species with the same experimental
schague, Although not completed. the LD 50, 36 days of pp'-DDT has been found
v be approximately 1100 mg kg (19 mg kg day). Thus the PCB Arochlor 1254 has
anly 1113 of the toxicity of DT (DDT in turn has only 1-6to 1,14 of the tovicity
of dieldrin. De Witt er al.. 1960). However. whereas DDT has a steep mortality
cune (i.e. no deaths at approx. 1000 mg kg. ull dead ut 1200 mg kg using 132
Mirds: 18 and 21 me/kg day respectively). this curve is much more gradual with
PCB. This means that at low dose rates, below 15 mg kg day, PCB may hase a
womparatively greater toxicits than similar amounts of DDT (i.e. to the §-10";
+" the population which is sensitive to these low amounts).

Detecting mortality from PCB poisoning

On intake of PCB this material sccumulates in the organs of the hody. purticularly
the depot fat. in ations te with the dose rate. It would appear
that death foliows enlargement of the kidneys and hydropericardium. The liver
remains normal in size at death us the bird dies before the organ and depot fat have
heen completely used. Some body weight loss occurs. possibly due to lack of feeding
prior 10 death. The PCB from the depot fat which is used at this time appears to go
to the brain und increases the quantity there considerabdly. When a bird containing
PCB starves (as would occur in the fiekd during bad weather or iliness) thé sume
thing happens and the brain concentration increases. However. the concentration
10 the liver also rises due to the reduction in liver weight with loss of organ fat (the
highest content of PCB in the iver of 8 bird which died was 740 jg. 697 ppm - the
h-.hm content in a starved bird was similar at 670 g although the comenlrnllon
had riven to 1214 ppm).

With materiais such as DDT where the correlation between dose rate and hiver
content is very good (Jefleries & Walker, 1966} and the mortality curve hus a steep
slope. an indication of whether a bird has died sfter poisoning from that compound
may be gauged from the concentration in the liver. With PCB. however. the opposite
is the case. There is 8 hundred-fold variation in the liver concentration at cach dose
rate and the mortality curve has a gradual, slope so that over a considerable range
of dose rates the lethal range of liver conc&nuom is paralicled by a similar range
of non-lethal concentrations. For example, the highest lethal concentration in the
present experiment was 697 ppm but one bird on a similar dose rate lived with 634
Ppm in the liver, Thus there is no certainty, given the liver residue alone. whether a

-
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particularly large concentration has caused death or not. If of & similar scnsitivity
to L. strigta, one in thirty birds would die with liver residucs from 5 to 360 ppm
(mean 40 ppm), one in three with 22 to 1780 ppm (mean 200 ppm) and one int two
with 39 1o 3070 ppm (mean 345 ppm). it is unlikely that death would occur at
amounts much lower than $ ppm.

A more certain’ lusion about the probability of death from PCB poisoning
may he reached if the brain is analysed as well as the liver (to obtain the relationship
of the liver/brain residues) and the body is given an autopsy paying particular
auention to enlarg of the hydropericardium and kidneys.

CONCLUSIONS AND DISCUSSION

The majority of our samples tested for PCB have come from predatory birds.
Studies of organochlorine pesticides have shown that larger residues of these
compounds ure present in predatory specics than in omaivorous or herbivorous
birds (Moore & Walker, 1964: Prestt, 1967). The organochlorine pesticides and the
polychivnnated hiphenyls are similar in several ways. The presence of PCB in such
s large number of specimens from diverse habituts throughout the country. in
relatively large amounts, suggests that they, like the organochlorines. are persistent.
Also, both accumulate in the body fat of animals. Thus one might expect that
predatory animals at the top of food chains would aiso be the best group to indicate
the presence and the geographical distribution of the PCBs and to suggest whether
or not they represent a hazard to British wild birds.

Other studies (Risebrough ef a/.. [968; Koeman er al., 1969; Jensen et al.. 1969)
have suggested that residues of PCBs, like residues of certain organochlorine
pestivides. may now be widcspread. Our study confirms that they are widely dis-
tributed in Britain. In the terrestrial environment they were present in birds and
their egys from all parts of the country. In seabirds they were found in ull species
sampled at three coastal colonies, onc off the Irish sea and two off the North sca.
The largest amounts discovered were in lake and river birds from the midlands,
east and south of England. The highest of these, ca. 300 and ca. 900 ppm, are the
largest liver residues of PCB yet reported in wild animals from any part of the

world. Like pp’-DOE and dieldrin, PCB is p in larger ts in the bird-
teeding and fish-feeding species. The highest levels found in Swedish waters by
Jensen ef al. were in the fish-feeding white-ailed cagle and heron, :

The levet of PCB found was also similar to that of pp’-DDE. The average residucs
of dieldrin, pp’-DDE and PCB for four predatory species obtained in Britain from
196) to 1968 are given below and show this similarity (data for pp-DDE and
dieldrin, from Prestt in press and for PCB from Table 1 of present paper).
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“h
\
- No.of  p-DDE  diclirin PCA
specimens (ppmi {ppm) {ppm)
Hern 2 X018 93 Freshwater fish-fceders® 30
Sporrew huwh $? L8} dd Rird-fecden® ’ 10
Kewret 189 $0 M Mammal-focden® 4
Worpwnw! 102 42 P

* o caregures included in cach group o Tables 2 and X

In view of the similarities of the distribution and levels of PCB to those of
v -DDE und dield the didte g ion in whether PCB could have cuused
the eifects on predatory birds in Bnitain previously attributed to the organe-
vhionine pesticides. As' far as lcthal poisoning is concerned. there are several
reasons fnr connidering this unlthely. Furst, our toxicological studies show one
PCB (and comparisom with the other published toxicological studies suggest that
the tnaiities of the different PCB compounds may not vary very greatly) to have
only ahout 113 the toxicity of pp-DDT. DDT has only 1.6 to | 14 the lethai
chranic tonity of dieldrin (De Witt e/ al.. 1960) and our studies have shown that
pp-DDE has an even lower lethal toxicity than DDT to the Bengalese finch.
Very few of the specimens examined are likely. therefore. to have died from either
PCB (or DDE) poisoning. As there is no reason to suppose a greater use of PCB
in Britain prior to the period during which the present samples were obtained. it +
untihely it has ever had any widespread acute effects in Britain. Secondly. whiie the
population crashes of the peregrine and sparrow-hawk were coincident in space
and time with the introduction of aldrin. dieldrin and heptachior. i.e. in the mid
19308 (Ratcliffe, 1963: Prestt. 1965). the introduction and use of PCB is not.
PCD was first used in 1930 and. while it probably became more available to wildlife
et the 1939-45 war, there is no reason to suppose it might suddenly have produced
3n exveptional effect in the Inte 1950s. In the same way, while the recovery of the
wparton-hawk and peregrine started in the mid 1960s following certain bans on
aldrin. dieldrin and heptachlor. there is no reason to suppose there may have been
2 reduction in the amount of PCB availabie at this time (it should be ‘emembered
hat the disldrin figures shown above were obtained after the bans). The geographi-
2l distribution of PCB appears to be general in the terrestrial environment in

Britain. 10 in (his way also there is no ion with the population declines which
~ere more severe in the south and east of Britain. Nothing in the evidence available
sbout PCB. thereft dicts the previously advanced hypothesis that lethai

0isoning by aldrin, dicidrin and heptachior is the most likely explanation of the
~dden declines in certain birds of prey in Britain in the late 19505 (Jefleries &
Prestt, 1966),

As tegurds tha sublethai effects on bird populations the situation may be different.
7here has besn a widespread breeding failure among predatory birds in Britain
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aind the UNA I pone sar sears CRasenlle, 19603, 19670 Liwhie & Ruichisle, 1o
Huwher, 190695 Vo mans spevies Lagin pastwalarly the predatory buds) e
oen shown 1o be vy Uuaeshelied ety sinee approvanitedy 1947 (Ratenie.
1T, Michey & Aosdersem, 196K §abortory especinienis here show that 1he
b Ve sstem o Dids can be adhver attected by onganochlonmes siuch g
DI detlernes, 1967, 196, D¢ Walt, 1988) and the same componnd s been s
capermentells to canse (e pronduction ol thinsshelied cges in the Amenaan
Aesteel Fade o sparserins (Potier & Wicmeyer, 1909, Recent work by Peakalt (197
s shon i that vne of the meshianivims by which tis may be brought about s the
sncduntion of sterond hydroxslating enzy mes 1n the hiver (see discussion in Andersan
ctal 19 Ay POCB w new known to produce asimilar reacton (Risebrough o2 of.,
FON1 a8 woms poasibe that POR iy be one of the companent causes of the present
eviing Gulure, Thes beeeding Badure is probably an important Gactor adversly
alevting the recosery of the tird ol prey populistians. Anderson ef al. (1969), in
their study on the efects of org hMonine comp I on breeding pehicans
Pvhrwnus ervthrorhs ncos) and conmorants (Phalucrocorax auritus), seuched o
o ewlinion that there was no evideme of acute 1oxicity from PCB o1
PP DDE ahe tae mam compounds present, but both correlated with change in
eppshell thickoess,

1Ny are protuved ol maeketed under a pumber of commercial trade mmes
e Neovhior, Clophen, wmd are avalibie s Bguids, resins or sobds CThiey e
aneoluble m wister, dut hane o dlow imte vapour pressure. They already bave miany
Wt LAV coalings, PRIrs, sealers I winterproaling, printing ks,
ssitheti adhesnes, B igund form they are wwed as hydraulic thuids, in thermontats,
cutting ok gronding uds and they are mcorposated inte clevtrical appariatus.
There are thus many ways i which they can bevomie widely dispersed i ihe
environment vt the atmosphere with industaisl sinohe, or in exhaust from aee-
Cratt engimes wimt o evers as factory effluent. 1e has even heen suggested they
may e been mworperatedd in pesticide formulations to increase the penistence of
inseviwides (Reynolds, 1969). In view of the large number of ditferent uses of

©PUR g ity apparent persistenne, it I8 ot surprising that it is nOW present in a

lurge number of wild Mrds. Moreoser, as it s an isdustrial poliutant, it control

will present an entirely duterent problem to that of the control of the organochiorine -

Pesticides,
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