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Iusceticides, Polychlorinuted Biphenyls and Mereury
in Wili Cormorants, Pelicans, their Eggs,
Food anil Fnvironment!
by Yrvoxaz A, Castenus, A. Grascuns, snd R. ). Emzasex

Esperimint Station Blochem oad Entosmlops Xaology Departments
B 'gmllh Dakase State University, Braokings, 5. 5.'fzu

The biologicel comeentration of organochlorine ifssecticides
§n the food chais of fish and fish-eating Lirds bas been frequeatly
reyorted (RICKLY ef al., 1966; LANROD ¢f al., 1970 GREICHUS ot af.,
1969; VDODVELL ¢t al., 1967, COLE et al., 1967). Bath ergamo-
ehlerine imsecticides ond polychlerinated diphesyls (KCB's) ure
stored in the fat of birds and are difficnlt te elinimate from the
body (LAMS et «f., 1970; DANLGRES et al., 19T1). Thersfewe, it
osuld de expected that }CB's vouléd alse de esicentreted ia the feod
ehainm of carmivorous birds.

There is little éata mvailedle relaticg levels of mercwry wvith
1ts accumulation in animals im the tep of the fuod chain. FIARITR
et af., {1971) have reported a rositive correlantion Letveses mercury
concentration ia bdirds and the vroporatien of animal food in the °
diet, Predominstely fish-cating birds had merswry levels approz-
imately 10-fold greater than levels ia fish.

The purpose of this study was tor (1) examine the levels of
organochlerine insecticides, PCB's and mereury ia water, bottom
sediments, £ish and birds in the Lake Poinsett, Bouth Dakota
ecosystea, (2) determine vhether o mot bioclogical somsentraties
was occurring and, (3) report the distributios of these cospownds
fn varijous tissues,

s Ma

Senple Collcrtion

Sanples of vater and botton seliments vere collected from six
sites on Lake I'cinzctt and Dry Jake, South Dakota. Tventy fish
froe cach of four spreies ircluding carp (Cupadnus cnapde), erappie
(Fercvia annulardis), black bullhend (Jetafurus melas), snd bigeouth
wefralo (lekiolus cvprinellus) were collected from diverse sreas of
the lake, Only rfich under 30 cm wvere included since lmnrger fish
ars not commonly used as food by pelicans and ecormorants. Thewe
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fish coustitute the major portion of the diet of these birds 1s this
orea (THAUTY AN, 1951; prersonal sbeervation). The cor-
morant {Phalachoeorax auaiina), vhite pelican (Peleconus et
ahymchos) and their oggs were collected from resheriss on Dry Lake
and South Wawbay Lake, Scwth Dakota. All samples were placed i
glass contatnars vhish had deen thoroughly clesaned snd hented 18 an
oven at 520 C.

Insecticide and FCHM 949

Vater smmples vare filtered and analysed waing the procedure
of BRLIDENBACH ¢t af,, (1964). Fottem sedimeats vere air @ried ang
100 g samples vere axtracted vith hexane/propescl-2 (Ehell D-vv!oy-
ment Cowpany, 196k). After the intestinal tract vas rewmoved,
fish Oof the saxe species were finely ground together and o 23 .
aliquot vas extrscted vith ethyl-petrelews ether ia a Sorvall heme-
genizer, The ether sxtract from the fish acd eme g Samples of
Srain, liver, fat and kiéney and five g osmyles of muscle,
and ecxs of birds were extracted and purified by the Florisil column
method (STINP ef al., 1960; GREICMUS oL al., 1968). The dody
semples consisted of the finely grovad bdody vhieh remeined after
the removal of the above sasples and ineluded the heed, fest,
feathers and empty intestinal treet. Eggs vere hemogenised with-
out the shells.

The PCB’s vare separated from the insecticides W thin-layer
chromatography after the samples vere saponified vith aleshelie
ROk (U.3, Food mndé Drug Admisistration, 1971) and oxidised with

(MULNERR et of., 19T1). The semples vere spotted on 0.25 mm
ul;u g%l rlates and the hexane solvent vas advanced 15 oo frem
the spotting line. This procedurs separated PCB's from most Organc-
shlorine insecticiden Yut not from aldrin, p,p’~DOE or p,p*-DOT.
Aldrin does not comronly occur in animal tissues and im other samples
1€ ves determined by using multiple colwms on the gas chromatograph.
The levels of p,p'=DUE {n post bird tiesuss vere such that whea the
sample vas dilutcd sufficiently to produce & Feax similar to that of
the DDE standard, the FCb peaks could no longer be seen on the
chromatofrae. PCB’s interfere with p,p’-DUT on wost gAS chroms-
tography coluans, so DDT vas converted to p,F'-DDE bty saponifice~
tion and the decrease in the sige of the interfering PCB pesk wes
measured, Oxidation converted p,p’~DDE to b, 4'-dichlorobensophencne
which vas essily separsted frem PCB'a By thin-layer chromatography.

The instruments used for gas chromatopraphy snalysis facluded
tvo Varian Asrogranh BY-FI models 600D squirred with model 5-R 1 mv
Sarpent recorders and an electron capture detector cell with either
e 2%0-p{11icuric tritium or a 8-niliicurie N1®J source. Injector
and colunn temperatures vere 210 and 160 C, respectively, and the
dcgrctor teuperaturcs vere 210 C for the tritiun and 280 C for the
M3 aource, Three 1/8-1inch outaide dismeter by 5 feet borosilicate
glnsa columns were used with rackings counsinting of: (a) 7% OP-1
S31jcone {Fluorp), (b) 52 Dow 11 Silicone and (¢) 1:1 mixture of
3%5 Q¥-) and 10% IC-200 Stlicone. All packings were on 80/100 mesh
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shrowosord ¥ (N/F A.¥, TNCS). The sitrogen carrier gas vas
operated with s flov rate of 30 ml per minute.

All solvents used I{n this study vere nanograde (Fallinckrodt
Chemical Voras). Some batches of Florisil (FPisher Scientifie
Company) and sflica eel vere found to be contamimated vith FCB'm
80 they were vashed repeatedly with bexane umtil me FCB's comld
e detected In the hesans rinse.

Mase srcctrometric anmlysis of PCB’s {8 cormorant and relicas
sasples vas done by }Finnixen Ipstruments Corperation, Sunnywale,
Californis maploying the coupling of gaa chramatography vith sess
spactrometry (BORELLI, 197T1).

Aversge percent recoverise, 4 devi
confidence levels of orgencehlorine imsecticides and m-- fros
fortifisd semples arc given im Tadle 1.

TARLE 1
Average Recoveries of lnascticides snd Polychlorinated Biphewyls

fyom Weier, Dottom Sedimonta, Fish, birds
Organoehlorine Polychlorinated

Insecticiden Biphanyls
Materia) Recovery Mintwum Recovery in

t 8D Contidence t Coafidenca
»wh »

9 0.05 [ X8}

10 0.2 M1 3.0
93
95 s

Vater oS
Botton sediments! T1
riak

2
3
L4 1.0
]
s

T
9 S0
I ] 920 200

r, welgat i;%.

Nercury Annlysie

The flencless atomic absorption method for mercury analysis
(MATCR et al., 1968) vas used on substantially all fish tissues,
cormorent suscle tiasues and laie-dottom sediments. All the relicen
tissues, the remaining cormorant tissues, and pelican and corsorant
aggs vere ssalyzcd Ly the A.0.A.C. wathod (1576). These sasples
were stored froicn until asalyierd. Vater sarples preserved vith 10
n) eoncentrated nitric acid per liter vere aralysed for sereury
weing the provisional F.5.Q.A. method {1970} as follows: & 100 ml
vater sample wna acidifiec with 5 m) concentrated sulfurie acid
and 2.5 m) concentrated nitric acid, One nl of & 3% {w/v) potassiwe
yermangeaste colution was added and slloved te stand for et least
15 mis, 2 ml of & 55 (w/v) potassive peraulfate selution was sdded
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and the semple vas alloved to stand for at lenst an sdditionsl 30
»in. The flameless atemic absorplios procedure maed to devteraine
mercury cootent of the oxidized sample was esaentially that of
MATCN and OTT (1968).

A}l tigseus and bottom sediments analyzed by flameless atomie
adsorption vere subjected to prior exhawstive acid digustion
{Prracnel Cumsunicatiom, YDA, 1970). Body tissur samples veighed
from 7 to 7 & (ver besis) and botiom sedinent semples veished 1 g
(vet bunis), A solution consieting of 25 ml of & 5109 (v/v)
aixtws of concentrated swifuric acid, concentrated nitric acid
and veter and ) ml of 23 (v/v) scdium wolybdate solutios vas sdded
%0 the sample {a & 24/4C ¥ 230 m] rowsd betton flask. Several
boiling chipa vere sdded amd the flask vea connected to & OO
me x 13 ma 1.4, vater condenter modified to Reld 6 mm Masehisr rings.
The 4 vas packed to & deight of 100 rm with Rmachig rings
plus an additioual 20 mm vith & sm gluss beads. The digestion
aixture vas refluzed for 1 Ar. The flash vay alloved e cool,
water wvas discomnected from the condenaer and 10 ml of s 1:1 (vw/v)
mizture of conceatrated nitric and psrehiorie acids vas added
through the top of the condenser. The digest ves boiled 10 mim.
beyond the time that vhite fumes appesarsd im the flask, After
being »11oved Lo cwol, the condenser vea vashed down with aprros-
imately 15 ml water., The digest was agais Woiled for 3 min,
alloved Lo cool, and the cosdenser vas washed dovn vith as addi-
tional 10 ml of water, After cooliag to reom tcuperatwe She

f Sipest was trasaferred to a 50 ml voluwetric flash and fade to
volume, Marcury vas determined o & 25 ml aliquot.

In & comparfison of the flameless atomic adsorptiom emd
£.0.A.C. matbods of analysis for 9 samples af cormorast liver,
average mercury values vere 4.8 pya (range, 0.16 to 14,0 ppm) for
atomic absurptisn and 4,5 pps (renge, 0.16 to 15.0 pym) for the
A,0.A.C, mothod with a correlation cosfficient of 0.972 s 0,018,

Recoveries of 89 to 1055 (aversge, 99.05) vere oMtained
folleving the sédition of marcuric chloride to dresst aad liver
sunples at levels equivalent to 0.4 ppa Mg in the namples. With
the additisn af wercuric chloride t0 lske waters at a lrvel c¢quive
slent to 10 ppb lg, recoveries of 98 te 1055 (average, 101.75)
were obtaimed,

Desnlts snd Niscussion

The tratios of or lorine insecticide residues in
bottos sedicents vas about T-fold preater than in the vater vheress
the concentration of residues in fish over boitom sediments vas
from 10~ to 60-fold (Table 2). FPCa's vere concentrated in fish an
avvrage of 12-fold over bottom sedinenta. The levels of PCB's in
Yoth hotiom sediments and fich vere higher than those of insecti-
cides, Mercury residucs vere not detected in watcr, bottom
sedincnts or fish except carp vhich also had the highest levels of
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insecticides and PCB rasiduss. Comcentrations of total mercury in
i lake trowt vere found Wy BACK ¢€ al., (1971) te fnercase vith the
| sge of the fiah snd rangsd froa 0.19 to 0.66 pym.

Sodies of adult cornorants had 250-fold greater levels of

i insecticides tuns fish ané edult palicsnc vers 200 tices groster

1 (Tables 2 and 3). PCB’s were coacemtrated ia bdodles of cormoraats

H 60~fold over fish dut ealy I0-fold is pelicans. This eruld repree
arnt & difference in the aroust of PCB's 1n fuod at their viatering
grounds, lavels of insecticides snd FCB's in nestling corsevemta
appeared to rafiect the levels in lecal fish as both the fish sad
young dirds hed mere FCB resifuss Lhaa insecticides vhereas the

| opposite ves true with sdult Wirds {Table 3).

TAME 2
? Average Levals of Imsscticides, Polyshlorimated Birhelyls and
Las Vater Bed 18
of  Averags To Avarege Averege
4 ol ou ctigfides M
we ) Y
Vater [ £.0002) - 00003 < 0.000%
Sottgm sedinents § 0.0016 0.00602 <0
Fiak
Carp 2 0.092 0.11 o
» ® 0,016 < 0.0 «0.0%
puffalo 2 0.052 0.06 < 0,03
2 (XX o1 40,9

1head
%mn L TITH

2xach sample {3 a composite of 10 fish (vet weight dasis),

Imsecticide and FCB levels {n corvorant sggs sppeared to
refiect dody lavels dut in pelican egrs they did not, Bowever,
beeause the mmber of palican body semples vas ssell, f.e. 3, it
is Aifficult to drav conclusions from the date. RIEEBPOUCH ¢t el.,

' (19G8) reported aversge total nmounts of DET asd itz sotabolites ta

\ California Lrewn pelisas «rss 0 bo 53 ug and amount of PCB'es to be
10.% ug. Prandt’s cormerant eggs had an average of 326 ug of total
DOT and 1J3 ug of FUB's, The ratio of IOT and its metalolites to
PCB was 5:1 ror pelican aad 311 for corsorsat exgs, vhils ia the
present study the ratio was 2:1 for both cormurant and pelices
ogee (Tadle b)),

Presence of PCB'»> in bodies of pelicans, sormorents and
corsorent epxs ves dewoastrated by cosvaring the mess epectra of
10 FCB peaks (Aroclor 125k) with peaks im the sasples havisg the
sese relative gaa chromatagrsphic retentien times,
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Averege Levels of Insecticides, bxychlcrln-ul Bipbenyls and

rarewry dn Ce---
ko, of < T a 3 s Averags
Prto-ie) K- nlnd Eart™) Lt Ireeztizg? £
e (ppo ~ wet weignu tesis)
Ault Corzorcat
rod; 10 10.7 [ X ] 0,66
Mugele 7 6.7 2.3 0.78
Liver 10 3.6 2,0 7.98
Kidney 3 —1 — 1.5
2 b} 0.1 3.7 0.29
Bestling Cormoraat3d
Body 3 o2 0.3 .06
Liver ] 0.9 0.60 0.28
Adult Peliean
Dody 3 P S | 2.3 0.29
Muscle 3 1.3 3.2 0.2
Liver 3 6.8 A3 0.59
ll.? 2 ;-. 3.1 0.37
5 3 o1 1.1 Q.22
"—% snalyzed.

AMmole spg ninue shell.
3‘;0 20 weeks,

Nercury was highest ia the liver of cormorasts asd pelicens.
WCTVYAR ef of., (197C) found mereury higher in the liver of birds
than ia the m-n wuncle, hidnay or carcase. Ceneentration factors

“of 1A~ and 6-fuld over fish vers fownd ia bodles of corsorasts asd

pelicans respectively. This may reflect greatsr mercury contamine-
tion in the food of cormorants ia the wintering areas as the
concentration in pestling corroreats ves only 1l.3-times that of
fisd. Cormorsat egxss bad higher levels of imsecticides, PC3’'s and
mercury thas pelican egas.

Orgenochlorine insecticides and PCI's vere sore concentrated
in the fat of cormorasts and pelicans thaa in any other tisswe with
Pp,p'-NDE constituting the greatest simgle contaminant {Tubls A).
Bodfcs, liver, fat and eggs had greater amousts of total insecti-
cides than PCh's but draia tiasus had more PCA's. This vas trwe in
10 of 13 brain samples.

Studies conpleted in thic laboratory on the effects of DOT,
DUD and DDE on pernned corrorants indicated that 20 ug/g of DDD in
the brain vas dlarnostic of approachine toxicosis (HALNON, 1972).
As birds approachcd dosth, therc occurred a denlation of lipid
stores in the tody vhile the a~cuat of brain lipids remained the
samc. NBody inaccticide resicue levels decreased vhile brain resiéucs
increased. This wis alsc true of cormorants that vere stressed by
a decresse in food (WJLOK, 1972).

Adult cormorants im the present study everared 2,200 g i
weight and bad 1.00 ppa of PDD in their bodies (Table &) or & tetal
of 2,200 ug., Btrecs conditions sweh as migration, repreductiion or




dlseass may csuse a decrease in body 1irid stores. It appesars that
the accugulation of 20 ug ef LLD rer g of bdrain could poseidviy
occur. Also, thare are many wpes of toxic chemicals in these bdirds
and the effects of the combimation of these chemicals is S1iffieult
to ascertais,

There vas an unknova peax on the chronatograms of corwmorsnt
brain vhich ves later identified by r-i3 sracirozetry as possibly
being & philhalate e3ter. This jesz vas nlso otserved in nunerous
corzoraat tissues but less frequeatiy im relicean semples. This tyye
of co=poard vas recently rerorted as a toxic enviror=ental coatari-
nant found {n squatic scosystems and ray be cosgentreted in food
chains (BOVER ¢ af., 1970; ShEA, 1971; Press Release, U.E. Muremw
of Gport Fisharies and Wildlife, 1971).

TABLE &
Average Levels of Individwal Insecticides and Pelychlorimated
4] s in C it _and Pelie: .8
Lepta.
Tis de Li olgr. oDE

PR - wet veight daais

Bodies 10 «0.05 «0.05 0.09 9.12 1.00
Brein 10 «0,05 «0.03 0.12 0.56 0.9
Liver 10 «0.05 «0,05 0.3) 2.70 0.\
Yat 8 0.25 0.06 1.3 101.00 2.1
Rggel 17 0,05 0,05 0.13 10.38 0.7

.
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NoooO

ahiagl
v
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Bodies 3 «0.05 «0,05 0.22 11.% 0.3 0.03 12,3 2.
Brafn 3 «0.05 «0.05 0.0 0.8 0.03 005 1.1 1.
Liver 3 «0.05 <005 0.2T 5.3 0.3 0.60 6.8 .

.91 168.1 .

onmo00 ©

Yat 3 1.3 0.25 1.78 13,5 7.3@
!“f‘ 9 0,03 [ )] 0,10 2.01 D,E 103 b}
e egg minus shell.
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