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ABSTRACT

Pooled samples of 10 Herring Gull (Larus argentatus)

eggs collected in 1980 from each of 12 colonies scattered
throughout the Great Lakes and one colony on the Atlantic
Coast in the Bay of Fundy were analyzed by high feéolution gas
chromatography/low resolution mass spectrometry for

tetrachlorodibenzo-p-dioxin isomers. Only 2,3,7,8-TCDD was

found. It ranged from 43 to 86 ng/kg in Saginaw Bay colonies,
from 44 to 68 ng/kg in LakeVOntapi? Sglonies, and from 9 to 14
ﬁé}ké inWé;I;;iééron the other Great Lakes. The Bay of Fundy
colony had a level of approximately 3 ng/kg. Levels of TCDD

in archived Lake Ontario eggs collected in 1971-72 weré in the

order of 1 pg/kg (ppb).. TCDD levels declined exponentially in

Lake Ontario eggs with a half-1ife of 2.2 yr from 1974-1980.
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Ultra-trace quantities of chlorinated dibenzo-p-
dioxins have recently attracted the attention of analytical
~chemists and toxicologists due to the extreme toxicity of tﬁe»
2,3,7,8—tetrachloro—isomeri4hereinafter referred to as TCDD.
TCDD has been recognizea in Furope and North America as an
ultra-trace (ng/kg) contaminant in soils, sediments, plants
and animals. It 1is particularly found in areas‘subjected to
production, 'industrial accidents or industrial disposal of
2,4,5-trichlorophenol used in the formulation of herbicides
2,4,5-T and fenoprop and the disinfectant hexachlorophene.
Examples include Seveso, Italy (1, 2), the Love Canal at
Niagara Falls, N.Y. (3) and Saginaw Bay near Midland, Michigan
(4). TCDD persists and bioaccumulates in ecosystems which
have been subjected to repeéted dosages of herbicide
formulations such as Silvex or Agent Orange, which contain
"2,4,5~T (4-6). Examples include rangeland studies (4),
experimenﬁal.plots, including U.S. airforce bases (5) and
Sbuth Vietnam (6). TCDD has also been found 1in activated
sludge and flyash (7) although in low relative amounts (< 10%)
to other TCDD isomers. Other TCDD isomers héve not been foﬁnd

to be present in environmental samples.

There has been, however, no systematic study of TCDD
contamination in aquatic ecosystems, in which organochlotine
contaminants often accumulate to high levels. Herring Gulls

have been used successfully as indicators of organochlorine
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contaminants in Great Lakes aquatic ecosystems (8, 9, 10).‘ An
early attempt in 1973 to find chlorinated dibenzodioxins in
Herring Gull eggs was unsuccessful (l1). However, unconfirmed
reports on the finding of TCDD in Lake Ontario fish prompted
us‘tO»anélyse Herring Gull eggs from the Great Lakes for TCbD

and other tetrachloro dioxin isomers recently developed, using

more sensitive techniques.

We report here the levels of 2,3,7,8-TCDD deterhined
in pools of 10 eggs collected in May 1980 from Herring Gull
colonies in each of the Great Lakes (Fig. 1l): two in L.
Superior, oﬁe in L. Michigan, three in L. Huron, two in
L. EBrie, and four in L. Ontario, including one colony in north
central L. Ontario for which archived samples were available
retrospectively to‘l97l, and one colony on the Atlantic coast
in the Bay of Fundy. A pooled sample of breast muscle from 5
‘adult'Herring Gulls from Saginaw Bay was also analysed.
Samples were analysed for TCDD isomers by high~resolution

capillary chromatography/low resolution mass spectrometry (12)}.

All Herrihg Gull egg and muscle samples analysed
contained. detectable levels (> 2-3 ng/kg) of TCDD (Table'l).
No other compounds present demonstrated the correct ion |
abundance ratios‘for m/z 320, 322 and 324, characteristic of
the molecular ion of TCDD isomers., The identity of TCDD was

determined by retention time of an authentic standard on three
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differznt capillary columns (methylsilicone, SE-54 and'OV¥l7).
O al? i‘;eo columns, TCDD was well-resolved from the |
'1,2n3,4~;'i,3,6,8—j ahd 1,3,7,9-TCDD isomers. TCDD isomer
iavovee onees with 2,3,7,8-TCDD on methylsilicone and 0v-17
cot omee svg completely different (13).  Since only one peak
wail rn-e-ent in the TCDD region of the chromatogram for at

Y¢out ore (nroally all three) of the ions measured, these

o

results constitute isomer specific analysis of great
certainty. High resolution mass spectral analysis (resolution
20,000, 10% valley) confirmed the structure of TCDDJ vThis
deqrec of resolution is twice that required to distinguish
between TCDD and tetrachlorobiphenyl-methyl ethers, or
tetrachldrobénzyl— phenyl ethers, which have the same
molecular weight and ion abundance ratios;‘and are potential
iﬁterforences in analysis of gull samples (14). Confirmatory
aﬁalyses on sclected samples were also perfdrmed through U.S.

Environmenlal Protection Agency, and U.S., Fish and wWildlife

Service,

Recovery studies were carried out using 1,2,3,4- and
2,3,7,8-7ChD spiked to chicken eggs at the 0, 10 and 50 ng/kg
level just prior to the extraction stage. The recoveries
were: 50 na/ka, 80-100% (1,2,3,4~TCDD), 94% (2,3,7,8-TCDD);
10 ng/kg, 84-86% (1,2,3,4-TCDD), 66-67% (2,3,7,8-TCDD).

Al though Ehe racoveries were reproducible, no correction

factors weve applied to the analytical results., Repeatability
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~f anclanis~ ~F paturally contaminated samples was 13% at the
BN oe ™ Yeual (Muggs Isl., L. Ontario) and 17% at the

10 ro /i Jevel (Middle Isl., L. Erie).

"= from colonies on Lakes Erie, Huron (except.
oot we Man), Superior and Michigan contained 9-14 né/kg of
mon. Yheaa cnlonies are highly contéminated with other
nvaxnechlovines, particularly PCBs. The ratio of TCDD to PCB
{(Tahlz 1) w=s relétively constant, ranging from 3 to 7 x
1077, in *his Great Lakes "baseline" concentration group.
1% is noteworthy thaﬁ the ratio in the Bay of Fundy was
congsistent with the Great Lakes baseline, although tﬁe former
area is reiatively uncontaminated and remote from major
potential industrial, agricultural or silvicultural sources of
TCDD, The wainyg éxogenous source of PCBs in the Great Lékeé
ig¢ atmospheric deposition (14)., Our data therefore suggest:
that TCoON, 1like PCBS, may be a ubiquitous contaminant, cYcling
at ultratrace levels between various components of the air,

wator, sedimeut and biota of the biosphere,

The TODD/PCB ratio was approximately 7 times highef
in Saginaw Ray and approximately 3 times higher in Lake
Ontarioc than the "baseline“ ratio in the other colonies, Both
are cleavly lncalized areas of elevated TCDD contamination,
The elevated 1evels{in Saginaw Bay gulls corroborate the

Findipna nf 2,2.7,8-TCDD in fish collected in 1978 from the
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§aﬁinaw and Tittabawassee river systgm (4), since the Channel
Ehedrer 1;1And‘colony is situated at the mouth of the Saginaw
Fiver. bDow Chemical‘Co. in the Midland and Bay City, Michigan
"ares is sitnated on the Saginaw—Tittabawassee river syétem and
Fas hean o major producer of 2,4,5-trichlorophenol and

YonL% vvier iorophenoxy acid herbicides. The possible
Inflierce of thisApdint source of TCDD is reflected in
relatively high TCDD levels in eggs from the Little Charity
‘ITsland colony 50 km Erdm the mouth of this river system.

Gulls at Chantry Island, on the opposite shore of Lake Huron
were not highly contaminated, indicating that lake-wide

distribution of TCDD has not occurred.

The low variability (Relative SD 16%) of TCDD levels
in the four Lake Ontario colonies in 1980 suggests that
lake-wide contamination of the fish species (mainly aiéwives
and sme]t5 which comprise the main aquatic portion of the
Herring Gull's diet in the Great Lakes (16) has occurred.
Combustion of organic compounds at temperatures below 1000°C
in the presence of chlorine-containing compodnds, such'as
dur ing the incineration of municipal garbage, has been shown
to yield chleorinated dioxins (5, 17). However, the
2,3,7,8-TCRN isomer is a relatively minor constituent (< 10%)
bf the tetrach)loro isomers produced, and no isomer other than
2,3,7,8-TCCD was found in gull eggs. It would also be unusual

Far widely distributed atmospheric sources such as refuse
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incinerators to have contaminated only Lake Ontario, Another
poenibls conrce.of TCDD to Lake Ontario is application of
hernivides to agricultural and forest lands, but neither

L .4.3-1 nor fenoprop herbicides'have been used extensively in
“artsvrio in rescent years (18). Spraying of 2,4,5-T in Vietnah
cnd i euperimental plots has resulted in detectable
fevaly of YCDD in bidta, but only when the application rate
was far in excess of dsual agricultural practice (4,6,7).
Fish levels inkvietnam were ohly in the 10 ng/kg range,
similar to the baseline concentrations which we detected in

~ Great Lakes Herfing‘Gulls outside of Lake Ontario and Saginaw
Ray. Some formulations of the herbicide 2,4-D have recently
been shown to contain«pg/kg 1evels of 1,3,6,8- and
l>3,f,9~TCDD (19). Since 2,4-D has_beén usea in much larger
quantities than 2,4,5-T in the Great Lakes basin and since
these isomers of TCDD were not found in the gulls, it appears
that waste disposal or major accidents during the manufac-
turing of 2,4,5-trichlorophenol are the likely sources of the
highef levels of 'PCDD found in Lake Ontario., Hooker Chemical
(oo at Niagara Faslls, N.Y. manufactured 2,4,5-trichlorophenol
and it is known from studies on mirex in guli eggs and fish
that widespread contamination of Lake Ontario can occur from

such a point source in the Niagara River (10, 20).

The retrospective study of TCDD levels in eggs from

1971 to 1980 at Scotch Bonnet Island in Lake Ontario is shown
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in . the insert of Fig. 1. Levels decreased throughout this

, wo et Foor BOO - 1,300 ng/kg in the early 1970's to 68 ng/kg
v L34, Most organochlorine residues in Lake Ontario also
Aecrensed during this period, presumably due to restrictioné
broise (9). Prior to 1975 the TCDD/PCB ratio was 45 to 52 x
607 (grcert for a low result of 18 x 1077 jin 1973).

somm 19 6 onwards the ratio has stayed roughly the same (i5 to
4 x 1077y, indicating that both contaminants were béing
cleared from the ecosystem at similar rates. The data from
this later period have é good fit to an exponential decay
model (rz = 00,9886, log—linéar regression) with a

" half-life of 2.2 years. This half-life is identical to that
found for mirex in Lake Ontaric as determined from similar |
Herring Gull egg data (9). It is encouraging that TCDD ieveis
in Lake Ontario gull eggs will likely decline to thé
"baseline" level of ca. 10 ng/kg within 5-7 years. TCDD
levels in fish relative to those in gull eggs have yet to be

established, but we expect the rate of decline in fish to be

similar.

we shall contihue to monitor Herring Gull populations
for TCDD in the Great Lakes. On a more widespread basis, we
jntend to test the hypothesis that 2,3,7,8-TCDD is a
nbiquiltous éontaminant by comparing its relative abundance to
such global contaminahts as PCBs in a range of Canadian

hiota.
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Ten fresh eggs collected from each colony were homogenized

cvadividually and stored as 10 g subsamples at -40°C unEil

;u-Lﬁer processing. ‘One éubsample of each egg was pooled
wad homogenized just prior to extraction. These 100 g
pools were triturated with NajS0O4 until a free-

flowing powder was formed, and poured.into 3 cm ID élaSS
columns. Lipids were eluted from each column with 800 ml
of hexane. Hexane was femoved by rotary evaporation. Most
of the lipid from each half sample was then  removed by

acaetonitrite:Hy0:hexane: dichloromethane partitioning,

the residue from each half combined, and the organo-

chlorines fractionated on a latge Florisil column (21).
TCDD isomers appeared in fractions #4 and #5 from this

procedure. After two alumina-column cleanups, the

fractions were analysed separately. When necessary, the

following procedure was used to remove remaining

interferences in fraction 5: Two glass columns (3 cm ID)

were packed with 35 g 44% H,504/silicagel (w/w),

and each column prewashed with 50 ml dichloromethane/

hexane (1:1). Fraction #5 was dissolved in 200 ml
dich) »romethane/hexane (1:1), divided into 2 equal
portions and transferred to the acid/silicagel column.

fFach column was washed With 50 ml dichloromethane. .
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Eluartes from ﬁhe 2 columns were combined, and fhe solvent
WAT v@mcved'by rotary evaporation. The residue was
redigssolved in 0.5-1 ml hexaney.cleahed up on aﬁ alumina
miciocolumn, combined with fraction #4, transferred‘
 quenti£atively into a small (0.3 ml) reacti-vial equippea
wott A wininert valve, taken just to dryheés,’redissoived
in 10 pl of hexane and stored in the dark until analyzed.
The samples were analyzed by high-resolution GC/low-
resolution MS (a‘HewletthPackard 5992B) employing a 25 m
flexible fused-silica WCOT column.(methyl silicone phase,
d.2 mm i.d., Hewlett Packard), splitless injector and open
coubling. Helium éarrier’gas was used at a linear velocity
of 90 cm/sec. Injection port temperature was 250°.

Samples (up to 5 pl, in hexané) were injected in the
splitless mode and the oven programmed from 100 to 150° at
10°/min., and 150° to 250° at 2.5°/min. .After'screening of
samples for the absehce of 1,2,3,4~TCDD, all samples were
analyzed by SIM at m/z 320, 322 and 324 by coinjection of
an amount of 1,2,3,4-TCDD which gave responses within 30%
of the native 2,3,7,8—TCDD responses at these ions. Tﬁe
amount of 2,3,7,8-TCDD was Caiculatéd using 1,2,3,4—TCDD as
an internal standard. The retention:indices of sample
peaks, avthentic 2,3,7,8-TCDD, and 1,2,3,4-TCDD were

. -2306.8, 2304,8, and 2294.4, respectively, in a typical run.
The éorresponding indices were 2345.9 + 1.8,2345.7 + 0.7,

and 2337.7 + 0.6, on a J. & W. Scientific 25 m (0.25 mm
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i.d.) §B-5¢ column, and 2534.4 + 1.6, 2535.3 + 1.5 and
2543.6 + 1.0 on a Canadian Capillary 25 m (0.30 mm i.d.)
OvV~17 column.
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TABLE 1

LEVELS OF 2,3,7,8-TCDD IN FOOLED! 1980 GREAT IAKES

HERRING QULL EGGS

LARE - COLONY

cewlony hioe in Fig. 1)

RELATIVE ABUN E (%)

L. SUPLRIOR

GRANITE ISL (1)

"AGAWA ROCK  (2)

L. MICHIGAN

BIG SISTER ISL. (3)

SAGINAW BAY
CHANNEL SHELTER (4)
- {muscle)

L. CHARITY. ISL. (5)

L. HURON

CHANTRY ISL. (6)

L. ERIE

MIDDLE ISL. (7)

TO BASE PEAK .

N2 2,3,7,8-TCDD° n/z Wz PCB®  TCDD/PCB
(ng/kg) 324 320 (mg/kg)  x107
6 11 + 2.3 46 79 21 5
4 10 + 1.3 45 73 ND ND
3 9 + 1.0 47 71 25 3
4 86 + 2.5 49 77 32 27
4 90 + 7.2 48 80 1 22
4 43 + 3.6 49 76 ND ND
3 14 + 2.4 50 75 19 7
2 13+0.7 46 77 WD ND
(repeat analysis) 4 11 + 0.6 49 71 35 3
2 9 + 0.5 44 73 34 3

PORT COLBOURNE (8)

1
1
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tARLE 1 (cont'd)

L ONTARIO

MUGGS ISL.  (9) 5 50 + 2.6 47 76 ND
{repeat analysis) 3 - 44 + 1.0 46 74 39
PRESUITLE (10) 3 64+ 3.8 49 77 39
SCOTCH BONNET ISL. (11) 5 68 + 4.1 47. 76 42
QURKE ISL. (12) 7 55 + 4.7 44 75 42
BAY OF FUNDY
KENT ISL, 3 3 +0.35 54 73 5
CHICKEN EGG 3 < 2 ND 'ND

11

17

16

13

I No. of eggs in pool was 10

2 N is number of replicate injections of each sample

Results on a Efesh weight basis calculated from &Vz'322 using a

- 1,2,3,4,”ICDD internal standard; mean + SD of replicate'ihjectioﬁs,
uﬁcorrected for recovery; |

~ ND = not determined. Repeat analysis of colony (7) and (9) eggs began
with a second 100 g subsample
Base peak is m/z 322; experimental relative abundances
for 2,3,7,8-TCDD were 49% (m/z 320) and 77% (m/z 324)

5 ﬁeSults Caléulated as Aroclor 1254

pue to closeness to detection limit the accuracy of this result

is likely poor, TCDD was confirmed by retention time, but not by high

resolution GC/MS
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FIGURE LEGEND

Sites of Herring Gull colonies from which eggs were-
collected in 1980. Colony names can be identified
from the numbers in parenthéses in column l; Table 1,
which correspond to those shown on thermap. Levels
(ng/kg fresh weight) of 2,3,7,8-TCDD ;n pools of 10
eggs are indicated by the height of the bars next to
each colony. | | |
Inset: ‘Retrospective analysis of guli egg pools from
Scotch\Bonnett Island, Lake Oﬁtario, for 2,3,7,8~-TCDD.
Bar height is proportional to thé logarithm of the

TCDD level (ng/kg fresh weight).
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