. N . - '
sel € BN

Insecticides, Polychlorinated Biphenyls and Mercury
in Wild Cormorants, Pelicans, their Eggs,
Food and Environment!
by Yvonne A. Grrscius, A. Grusenes, and R. J. Enmzmex

Sonth Dakota State University, Broekin,

. Experimens Stntion Biochemisiry and Entomel oolegy De
£ and Entom ."JS.D.‘;7 J-imanu

.

The bdiologioal concentration of organochlorine insecticides
in the food shais of fish and fish-ssting dirds has been frequently
reported (NICKEY et &l., 1966; HANNOB at al., 1970; ORRICKUS et ol.,
1969} WOODVELL et al., 1967, COLE et al,, 1967). Both organo-
chlorice insecticides and polychlorinated biphenyls (FCB's) are
stered in the fat of birds asd are aifficuls to eliminate from the
body (1AND e& al,, 1970; DAKLOREN et al,, 1971), Therefore, it
eould be expected that PCB's would also be concentrated in the food
chain of carnivorous dbirds.

There is little data availadle relating levels of mercury vith
its ascumulation in animale {n the top af the food chain. PIMREITE
et at,, {1971) have reperted a positive correlatios betveen wercury
esoncentration is dirds and the proporatios of animal food in the °
diet, Predominately fish-eating birds had mercury levels approxe
fmately 10-fold greater than levels ta fieh.

The purpose of this study vas tor (1) examine the levels of
organochlorine insecticides, PCB's and mercury in water, bottom
sediments, fish and birds in the Lake Polmsett, South Dakota
scosystem, {(2) determine whether or aot dlological concentration
was occurring and, (3) report tha distribution of these compounda
ia various tissuses, . .

Methods and Materials
Sample Collection E ‘ .

Bamples of wvater and dottom sedimenta were collected from six
sites oa Lake Poinsett and Dry Lake, MG?CMQ-. hnutg fish
from each of four speciee imcluding carp (Cypalnus carplo), crappie
(Pomoxis annulenis), dleck dullhead (Iefalurus melas), and bigmouth
burfalo {Jetiobus cyprinellus) vere collected from diverse areas of
the lake, Only fieh under 30 om wars included eince larger fish
are not oommonly used as food by pelicans and cormorants. These
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fish constitute the major portien af the diet of thess birds in this
srea [TRAUTMMR, 1951 personal observation). The double-crested eor-
morant eoraxy auaitus), vhite peltcan (Pelecrnus exwthro-
Rhynches) and their aggs vere collected from rookeries on Dry Lake
and Sovth Waubay Lake, South Dakota. All samples were placed in
#3888 esentainers vhich had bess thoroughly sleaned and heated {a an
oves at 520 C. . s

Inpesticide apd PCP Anslyaly o ——

Water sanples veare filtered aad anslyzed using the procedurs
of BREIDENBACY &2 d.! (1068). Jottow sediments vere air dried and
100 g ples vers ext 4 with b /pe 1-2 (Bhell Develop.
went Comphay, 196A). ‘After the intestinal Sraet vas removed, ten
fish of the sans species were fiaely ground together and a 83 g
Aliquat was extredted vish ethylepetrolewt sther ia ¢ Sorvell homo-
goniser, The sther gitrast from the fish sl ene § semples of
Sruin, liver, fat and kidney and five g samples of muscle, body
and eggs of birds vere extracted and purifiad by the Florisil columa
sethod (BTDMP ef al., 196M; OREICHUB ¢f af,, 1968). The body
sumples consisted of the finely ground dody vhich remained after
the removal of the above samples and included the head, fest,
feathers and empty intestinmal trect. Kggs vere homogepised with-
out the shells, . . '

The PCB'e were separsted from the tnsecticides by thin-layer
ehromatography after the saaples wers saponified vith alcoholie
Kot (U.8, Food and Drug Administration, 1971) and oxidited with
CrOy (MULNERN ot &l,, 1971). The samples vere spotted on 0.25 mm
oilica gel plates and the hexane solvent vas advanced 15 om from
the epotting 1ise. This procedurs separated FCB's from most organo-
ehlorine insecticides dut not from aldrin, p,p'-DDE or p,p'-DDT.
Alérin does not commonly ocour in animal tissuee and in other sarples
$¢ vys determined by using Multiple colusns on the gas chromatograph.
The levels of p,p'-DOR in most bird tissues vere such that when the
sanple vas diluted sufficiently to produce a peak similar to thet of
the DDE standerd, tha PCH peaks could no longer Be seen on the
chromatogran. PCB's interfere with p,p'-DDT on most gas chroma~
tograply colwmne, so DDT vas converted to p,p'-DDE by saponifice-
tion and the dscrease in the sise of the interfering PCB peak was
sessured, Oxidation converted p,p'-DDE to b A'-dichlorobensophences
which vas easily separated from PCB's by thin-layer ochromstogrephy.

The instruments used for gae chromatography snalysie imcluded
tvo Yarian Aerograph BY-FI modele 600D equipped with model B-R ) mv
Sergent recorders end en electron capture (nznor cell vith either
& 250waillicurie tritium or a 8-milifeurie N1°3 eource. Injector
and eolumn temperstures vere 210 and 180 C, respectively, and the
htsom temperatures were 210 C for the tritius and 280 C for the
B9 gource. Three 1/8-ineh outside dlemeter Yy 5 feet borosilicate
glass columns vere used with packings consisting of: (a) 2§ QF.1
Bilicone (Fiuoro), (b) 5% Dov 11 Silicone and (e) 1) mixture of
158 Qr-l and 10§ DC-200 S8ilieone. All packings were on 80/100 mesh
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chromosord W (K/P AW, DMCB), The nitrogen carrier gae was
operated vith a flow rate of k0 xl per minute,

All solvents used in this study vere nanograde (Mallinckrodt
Chemical Works), Bome batches of Florieil (Pisher Bcientific
Company) and silica gel vere found to be contaminated vith PCB's
80 they vere washed repeatedly vith hexane until no PCB's could
be detacted in the hexane rinse,'

Nass spectromstric analysis of PCB's §p cormorant and nrelican
samples vas dode by Pinnigen Instruments Corperatios, Sunnyvale,
Califorais employing the coupling of gas chromatography with mass
spectrometry (BONELLY, 19T1).

Average parcent reooveriss, standard anhuo;u and ainisum
confidence levels of orgenochlorine insecticides and PCB's from
fortified samples are given {m Tadle 1.

TABLE 1
Average Recoveries of Inseoticides and Polychlorinated Bipheayls
from Weter, Bottom Sediments, Pish, Birds snd Iggs,

Organochlorine Polychlorinated
Insecticides Biphenyls N
Materiel Recavery Ninimum % Recovery Minimum
s 8D ©  Confidence ¢t 8D Confidence
prb 233
Vater t 9 0,05 82t 5 0.3
Bottom nedfments! T1 ¢ 10 0. 8811 5.0 :
ried 128 17 1.0 93 7 50
Bird tissuss [ X ] 50 938 9 100
Egzs gg t 5 10 89 ¢ 10 100,
ry weight basis,
Meycury Analysis

The flameless atcmic adsorption method for mercury anslysis
(MATCE et al., 1968) was used on substantielly all fish tissues,
cormorant muscle tissues and leXe-bottom sediments. All the pelican
tissues, the remaining cormorant tissues, and pelican and cormorant
egge vere anslysed by the A.0.A.C. method (1970). These samples
were stored frozen until enalysed. Vater samples preserved vith 10
al concentrated nitric acid per liter vere analysed for mercury
using the provisional P,W.Q.A. method {1970) as follove: & 100 md
wvater sample was acidified vith 5 ml concentrated sulfuric acid
and 2,5 ml concentrated nitric acid., One ml of a 55 (v/v) potassium
permanganate solution was sdded and alloved to stand for st least
13 min, 2 m) of & 55 (w/v) potassium persulfate solution vas added
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and the semple vas alloved to gtand for at lesst e» additionsl 30
mis. The flamelwes atowic abeorption procedure used to determine
peroury content of the oxidized sample wvas estentially that of
NBATCH sud OTT (1968),

A13 tissue snd bottom sediments mnalyzed by flamelese atomic
sbeorption were subjected to prior exhaustive acid digestion
(Perscns) Communicatiom, FDA, 1970), Body tissue samples veighed
from 2 %0 7 g (vet Dasis) and bottom sediment samples veighed ) g
(wet Basis)., A eolution consisting of 2% ml of a 510¢9 (v/v)
mixture of concentrated sulfurie acid, eoncentrated nitric neid
and vater and 1 ml of 2% (w/v) sod{us molybdate solution vas added
to the eample in & 24/A0 ¥ 250 Ml round vottom flssk. Beveral
boiling ehips vere added and the flask vas connected to a 0O
" k13 mm 1.4, vater eondenser modified to hold 6 mm Raschig rings,
The condensar vas packed to a height of 100 sm with Raschig rings
plus an additional 20 mm with b sm glase Deads. The digestion
mixture vas refluxed for 1 hr. The flask ves alloved to cool,
vater vas dipconnected from the condenser and 10 ml of a 111 (v/v}
mixture of concentrated aitris and pershlorie acids vas added
through the top of the condenser. The digest was boiled 10 minm,
beyoad the time that vhite fumes appesred in the flask, After
being slloved to cool, the condenser vas vashed dewn with ayprox-
tmately 15 n) vater, The digest vas agais beiled for § sias,
alloved te cool, and the condenser vas ‘vashed down with an sddi.
tionsl 10 &l of wetar. Aftar cooling to room temperature the
digeet vap treansferred to a 50 al volumetric flask and msde to
volume, MNarcury was deterwined on a 25 ml aliquot.

In & touparison of the flamelesa atomic sbeorption and
A.0.A.C, methods of snalysis for 9 samples of cormorant liver,
average sercury values vers 4.8 ppm (range, 6.16 to 14.0 ppa) for
atenie edsorption and .5 ppa (renge, 0.16 to 15.0 ppm) for the
4,0.4.C, mothod vith a sorreletion coefricient of 0.97T1 2 0,018,

Recovaries of 89 to 1055 (average, 99.0%) were obtained
following the addition of mercuri{c chloride to bresst and liver
samples at lavels oquivalent to O.k ppm Eg in the samplee, With
the addittion of mercuric ehloride to lake waters at s level equiv-
alent %0 10 ypb Hg, recoveries of 98 to 1058 (average, 101.7%)
were obtainad,

-+ Bagults and Disgussion
g ke .

The stion of or lorine insecticide residues in
Yottom sedinments was adout T-fold greater than in the veter vheress
the concentretion of residues 1o fieh over dottom sediments vas
from 10 to 60~fold (Table 2), PCB's were concentrated in fish en
average of 12-fold over dottom sadiments. The levels of PCB's &n
both dottom gediments and fish vere higher than those of insecti-
Guee wers not detected in vater, dottom
pt earp vhich aleo had the highest levels of
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insecticides and PCB residues. Concentrations of total mercury in
lake trout were found by BACH ef al., (1971} to increase with the
age of the fish and ranged from 0.19 to 0.66 ppa.

Bodies of edult cormorants had 250-fold greater levels of
insecticides than fish and adult pelicans were 280 times greater
(Tedles 2 and 3). PCB's vere aconcentrated in bodies of cormorants
60-£01d over fish but only 30-fold im pelicans. This could repre~
sent & 4ifference in the smount of PCB's §n food at their viatering
grounds, levels of inseoticides and PCB's in nestling cormorants
appeared to reflect tbe levels in local fish as both the fish and
young dirde had more PCB residues than {nsecticides vhersas the
opposite vas trus with sdult dirds (Tadle 3).

TABLE 2
Aversge Levels of Insecticides, Polychlorinated Biphelyls and

Nercury in Water, Bottom Ssdiments_and Fish
0. of verage Tota. Average Aversge

Material 1ed es__ Insecticides PCB's Mere!
[ Pre 20
Vater [ 0.0002; < 0.0005 « 0,000%
Bottem sediments 6 0,001 0,006\ <.
Fieh .
carp [ 0,092 0.11 o1
Crappie 2 0.006 « 0,05 - 0,05
Burfalo 2 0.032 0,08 < 0.03
2 0.0 - 9.1} - 0,05

g%ua
weight besis.

2Lach saxple 1s a composite of 10 fish (vet weight desis),

Insecticide and PCB levels in cormorent sggs appesred to
reflect body levels dut in pelican eggs they 414 not. Novever,
because the pumber of pelican body samples vas small, i.e. 3, it
is d1fficult to drav conclusions from the data. RIBEBROUOR ot el.,
(1968) reported average total amounts of DDT and its matsdolites in
Californis brown pelican eggs to be 53 ug and amount of PCB's to be
30,5 ug. Brandt's cormorant sggs had an average of 326 ug of total
DOT and 113 ug of PCB's, The ratio of DDT and its metabolites to
PCB was 511 for pelican and 3:l for cormorant eggs, vhile im the
present study the ratio was 2:) for both cormorant and peliocea
eggs (Tedde b), R - .

Presence of PC3's in bodies of pelicans, cormorants and N
cormorant eggs vas demonstrated by comparing the mass spectre of
10 PCB peaks (Aroclor 123k) with peaks in the samples having the
sams relative gas chromatographic retention times.
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TARLE 3

Anuca Levels of Insscticides, Polychlorinated Biphenyls and
Mepgury in Cormorant emd Pelican Tissues,
0. of Aveceze Total A Average
d x i

ngacticides

Agult Cormorant

10 10.7 8.6 0.6h
Muscle 1 6.7 C 2,3 0.78
Liver .. . 3.6 2,0 7.98
nc-;y [ ~——l — 1.5
s - 10,1 5.7 0.29

lm.nu Corserantd
Sody ] 0,24 0.3 0.06
Liver s 0,39 0,60 0.28

Adult Pelican

. 3 12,3 2.3 0.29
Wuscle 3 1.3 3.1 0.25
Liver 3 6.8 [ ] 0.59
Kidoey [ 6.8 L 5 0.37
2 3.1 2.1 0,22

ot _snalysed.

nole exg minus shell,
Sape 20

Norcury wvas highest is the liver of cormorants and pelicans.
DUSTMAR et al,, (1970) found marcury higher im the liver of dirds
shan in the treast muscle, kidney or carcass. Concentration factore
“of 1he and 6-fold over fiah vere found in bodfes of eormorante and
pelicans respactively. This may reflect greater mercury contamins-
tion {a the food of cormorants ia the vintering sreas ss the
concentration in nestling cormorants wvae only l.3-times that of
fieh, Cormorant eges had higher levels of huetieun. PCB's and
wmeroury than pelican egge.

OQrganochlorine insecticides and PCB's were more concentrated
in the fat of qormorants and pelicane than in any other tissue wvith
9,0°~DDE coustituting the greatest single contaminant (Table 4),
Bodies, livar, fut and aggs had greater amounts of total insecti-
cides than Pd'n But Yrain tissus had mors PCB's. This vas true is
10 of 13 drain samples.

Studies completed ip this laboratory on the effects of DPT,

DD and DDE on penned cormorants indicated that 20 ug/g of DDD in
the braia vas disgnostic of approsching toxicosis (HANNON, 1972).
As dirde approached death, there occurred a depletion of lipid
stores in the body vhile the amount of brain lipids remained the
same, Body fasecticide residue levels decreased vhile brain residues
incressed, This was also true of cormorants that vere stressed by
s decrease in food (MAMNON, 1972),

+  ASult corworants in the present study aversged 2,200 g in
weight end bhad 1,00 ppm of DOD 12 their bodies (Table &) or a total
of 2,000 ug, Btress conditions such as migration, reproduction or
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diseass may csuse a decreass in body 1ipid stores. It appears that
the accumulation of 20 ug of DDD per g of braim could possidbly
oceur, Also, there are many types of toxic chemicals in thewe birds
and the effects of the combination of these chemicals 1s difficult
to ascertain.

There VAs an unknovn peak on the chromatograms of cormorant
brain vhich was later identified by mass spectrometry as poseidly
being & phthalate ester. This pesk vas also odserved in numerous
o0 but less frequently in pelicen samples, This type
of compound vas recently reprorted as a toxic environmestal contemi-
nant found in aquatic ecosystems and may be concentrated im food
chains (BOWER ¢t al., 19704 BUEA, 1971; Press Relesse, U.5. Buresu
of Bport Fisheries and Wildlife, 1971).

TABLE b
Aversge levels of Individual Inesetieides and Polyshlorinated
onyls rmorant end Pelicen Tiseue
epta.

Tiogue _ No, Epoxide Lindane Dieldris DDE DDD _DDT  Totsl _ PCB
PP - vet veight sis

Cormorant -

Podies 10 «0,05 «0.05 0,09 9.12 1.00 0.51 10.8
Srain 10 «0,05 «0.,05 032 0,5 0,09 0.08 0.9
Liver 10 «0.,05 «0.05 0,13 2,70 0.kh Om 3.6
Tat 8 o0.25 0,26 1,38 107.8h 2112 2.6 1O
xggs! 17 0,05 0,05 013 10,38 0.4T 0.67 11,7
Pelican

Bodfes 3} «0,05 «0.05 0,12 11,5 0.53 0,05 12.3
Brain 3 «€0,05 <0,05 0,10 . 0.87 0.05 0.05 1.1
Liver 3 «0.05 «0,05 0,27 5,37 0.5 0.60 6.8

Mg I

o ¥ a0 y-“tao-r
LR AT O oo

rat 3 133 0.25 1,78 154,50 7.32 2.91 160.1
sl 0.0 0,0 0,30 2,01 0,18 0,0 2,
e ogg minus shell,
!curouen
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