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Abstract

Fat and Jliver samples from three snapping turtles (Chelydra serpentina)
from the upper St. Lawrence River were analysed for tetra- up to octa-
chlorinated dibenzo-p-dioxins (PCDDs) and chlorinated dibenzofurans (PCDFs) by
two gas chromatography - mass spectrometry techniques and by a bioassay. The
tissues contained only 2,3,7,8-chlorine substituted PCDDs and PCDFs with high
levels occurring for 2,3,7,8-tetrachlorodibenzo-p-dioxin (2 ,3,7,8-TCDD). On a
wet weight basis, fat levels of 2,3,7,8-TCDD were 4 to 7 times higher than
liver levels with up to 500 pg/g present in turtle fat. One fat sample also
contained over 3 ng/g of 2.,3,4,7,8-pentachlorodibenzofuran (PnCDF) suggestive

of a PCB source of contamination. The TCDD levels in the turtles are con-
sistent with the consumption of a fish diet containing about 20 pg/g 2,3,7,8-
TCDD, a level currently found 1in cel samples from the same region. Comparison

of this limited snapping turtle data with that of other aquatic species from
the same and different bodies of water suggest that the Niagara River via Lake
Ontario could be a possible source of contamination of 2,3,7,8-TCDD for the
St. Lawrence River. The results also show that turtles are excellent monitors
for PCDD and PCDF contamination. Human consumption of turtle tissue samples
containing the highest levels of 2,3,7,8-TCDD and PCDFs so far detected in

wildlife samples may constitute a hazard.
INTRODUCTION

2,3,7,8-tetrach lorodibenzo-p-dioxin (2 ,3,7,8-TCDD) occurs as a contaminant
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in «orne fish specie* from the Crest Lakes, particularly Lake Ontario and the
Saginaw Bay area of Lake Huron (1-3). Typically positive values range between
5 and 20 parts per trillion (ppt; pg/g) with the occasional higher value.
Other chlorinated dibenzo-p-dioxins (PCDDs) and <chlorinated dibcn:ofurans
(PCDFs) have been vreported less frequently and in smaller <concentrations
(4,5). There has been no documentation of the occurrence of 2,3,7,8-TCDD or
various PCDDs in other aquatic species from the Creat Lakes. However, tissues
of the snapping turtle (Chelydra serpentina) from New York State waters are
known to accumulate and tolerate remarkedly high fat and liver levels of PCBs

(6,7). In some cases the concentration of PCB 1in adipose tissue was almost 11
making the turtle an excellent biological monitor for the presence of this
type of chemical contamination. In addition, high 1levels of PCDFs have been

identified in the fatty tissue of a snapping turtle taken in Che Hudson
river, New York State, in the vicinity of a former capacitor manufacturing
plant (8).(site 10 in Fig. 1).

Since we were surveying fish populations from the Great Lakes for PCDDs
and PCDFa and because turtles appeared to be such good accumulators of
chlorinated aromatic compounds, we analysed some turtle tissues for the PCDDs
and PCDFs. This report gives the result of the analyses of liver and fat
samples from three snapping turtles taken in the upper St. Lawrence River near
Lake Ontario. Extracts of two of the turtle fat samples were also analysed by
a second gas-chromatography (GC)-mass spectrometry (MS) method and by a newly
developed 1in vitro bioassay for dioxinlik* activity (9). The results show
some of the highest 2,3,7,8-TCDD and PCDF levels for any biological sample
from Che Great Lakes area.

EXPERIMENTAL

Tissue Collection
Abdominal fat and liver tissues were taken from three snapping turtles,
two collected in June 1984 in the upper St. Lawrence River near Lake Ontario,
sites 1 and 2 in Fig. 1, and a third taken in June 1985 in the same river near
East Masiena, sit* 3. Liver tissue from a fourth turtle but a different
collected in the Ottawa River near Ottawa 1in July 1980 (site 4).
More detailed 1information on ch* tissue samples 1is given in Table 1. Samples
of **1 (Anguilla rostrata) war* obtained in 1982 and 1983 by Fisheries and
Oceans Canada from two areas in ch* middle (site 5) and lower (site 6) St.
Lawrence River 1in Quebec, one of its tributaries the Richelieu River (site 7),

and the eastern part of Lake Ontario (site 8).

Analysis

Analysis of tissues was carried out to effect measurement of all tetra-
through octa-PCDDs and PCDFs (up to 136 analytes). Crude tissue was first
homogenised to a uniform consistency and an aliquot (2 to 3 g for fat and 5 g
for liver and fish) taken for analysis. The sample was then homogenized or
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Fig. | - Hap of area from which the :urtlé send f£lish samples vere collected.
Numbers refer to specific sites mentionmed|iz text.

Table !. Inoformatien on turtle

tissues %ron the St. Lawvrence and Ofttawva

Rivers.
Turtle Data Location Species Ti'ssues Live Age Sex
Number Collected Weight Years
Kg
1 June Steels’s Bay snapping, i?a: 6.4 16+ ¥
: 1984 Clayton, Chelydra Liver
St. Lawvrence serpentina
River, osite 1% | |
2 June Goose Bay East, suasppizg, Fat 3.6 8+ F
1984 Alexandria, Chelydri liver
St. Lavrecce serpentina
River, site 2
3 June East Massena, snappiang, Fat 7.1 laes F
1985 St, Lavrencse Chelydra Liver
River, site 3 serpentina
4 JJ&y Ottava River, Blnndingl. Liver 2.1 - M
1980 Octava, site & Emydoidea

bllndxngi
[

a - refers to Figure 1.

shaken vith 120 mL of acetone-hexane (2:1) Jand

GENP 010534

spiked with about 100 pg eazck
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of a mixture of stable isotopicaslly aenriched PCDDs and PCDFs im order to
calculate losses ip sample preparacion, Thf sample extract was then parti-
tioned agaiast water snd the squeous sand aol%d phases extracted a second time
vith hexane (10), After vashiag the combined bezase phasés wizh water, a 10X
pottion wvas taken, evaporated to dryness in [a rotary evaporator under vacuunm
and veighed. This wveight represented the 1ipid coutent of the tissue. The
remaining hexane extracts vere then defatted [with sulfuric acid and chromato-~
graphed on disposable glass columns comtaining Florisil as adsorbant. This
latter step removed the lass polar costaminants such as PCBs and chlorinated
dipheayl ethers as outlined previously (11). Further cleanup of socme sample
extracts vas carried out by reversed phase high pressure liquid chromatography
(HPLC) (12) with methanol as eluent and by chlec:icn of two fractions. Some
sample extracts wvere purified sfter Florisil by the recently developed chroma-

tographic procedurs (13) of activated carbon [dispersed on silica gel. Ia the

latter case, a mixture of cyclohexane~-dichloromethsne eluted the son-planmar
aromatics followed by the clu:ion.of the planar aromatics such as PCDDs and
PCDFs with toluene,

Measurement of the PCDDs and PCDFs in sample extracts wvas effected by GC-
MS. The GC was a Variam 3700 fitted with e |25 —w DB-5 (J & W, 0.23 mﬁ 1.D.}
bonded phase fused silica capillary column. | The column wvas heated in steps
rapidly from 100 to 180°C (ca 1 min) and then more slowvly to 240°C at 5°C per
min such that 2,3,7,8-TCDD and octachlorodibemzo-p-dioxin (QGCDD) eluted at
about 11 and 22 wmig, respectively. The GC| wvas :fupled directly to a VG-
Avalytical ZAB-2F MS operating at lowv resolution (2,000) for liver and fish
extracts and at bigh resolucion (10,000) for [fat extracts. Compounds eluring

from the GC vere iomized by electrom impact and Jetected by selected iocn
monitoring of ions from esch congener group as described (14,15). Quantita-
tios of the anslytes in extracts vas schieved by comparing the response of
external stasndards injected either beforo or| after (sample extracts, Values
reported v;:n_eorrteznd for manipulative and puriflication losses using the
isotopically labelled internsl standard recoveriaes. Detection limits wvere
about 2 ppe for most .analytes execept for OCDD vhich, due to bigher reagest
blanks and 1lowver rtecoveries, wvas about 10| ppet. | Method performance wvas
monitored by the simultaneous processing of lnborn:nry.re;gen: blanks in each
set of five sazples, by the use of seven carbon-l] labélled PCDD and five
chlorine=37 1labelled PCDF internal ostandards and [by the participation ia

ioterlaboractory studies.

Confirmation of #€esiduee in the turtle fat

Separate & g aliquot samplas of crude turtle fat from animals 1 and 2
taken at the same time as above cissues wvere spiked with intermal isotopiec
standards, extracted with dichloromethane and partitioned asgainsc sulfuric
acid. After peutralization and passing through a column of KOE treated
silica, the extract wvas processed though a semi-automated system containing

|
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acidic alumina, eluted with dichloromethane-hexane (1:1) onto charcoal in
-Celite, and reverse flow eluted with xylene onto a neutral alumina column.
Final elution of the neutral alumina column was carried out with 1:1 dichloro-
methane hexane. The GC-HS was equipped with a 60 m SP-2330 polar stationary
phase column and MS resolution was 10,000. This technique (16) 1is specific
for 2,3,7,8-TCDD due to the complete separation of this isomer from the other

21 TCDD 1isomers on the polar GC column.

In vitro bioassay procedure
The sample was extracted with dichloromethane, treated with sulfuric acid

and neutralized as described above, and the extract was solvent exchanged to
benzene to a final volume of 1 mL. Dimethylsulfoxide (DMSO; 50 ulL) was added
and the benzene evaporated under a flow of dry nitrogen. The DMSO extract was
diluted 1:1000 in culture medium and a series of ten-fold dilutions were added
to XBF.epithe lial cells which were initiated one day previously with irradi-
ated 3T3 mouse fibroblast cells. Treated as well as positive and negative
control cultures were incubated for 14 days with refeeding every 3 to 4 days
with freshly made sample dilutions. The ~cultures were then evaluated for

altered growth and morphology as discussed elsewhere (9,17).
RESULTS

The PCDDs and PCDFs found 1in the seven tissues from the four turtles are

listed by increasing degree of chlorination in Table 2. Only 2,3,7,8-chlorine

Table 2. PCDD and PCDF levels (pg/g) in four turtle fat and liver camples.
Turtle No.1 1 2 3 4
Tissue Fat Liver Fat Liver Fat Liver Liver
2378-Fb 12 ND(2)d 6.0 ND( 2) 330 74 ND( 2)
2378-Dc . 474 107 232 32 370 74 ND (2)
12378-F ND(2) ND(2) ND( 2) ND(2) 600 100 ND (2)
23478-F 152 29 95 13 3020 480 ND(2)
12378-D 63 12 33 4.6 104 22 ND (2)
Total HxF* ND (2) ND(2) ND(2) ND(2) 890 160 ND( 2)
Total HxD* 23 3.0 16 6.4 102 18 ND( 2)
1234678-F ND(2) ND(2) ND(2) ND(2) 69 13 ND (2)
1234678-D 2.3 4.5 17 4.0 3.7 3.7 ND (2)
12346789-D 34 27 36 ND(10) 17 ND(10) 16
Lipid Z 93 11 71 9.2 8 16 -

s - cf. Table 1; b - chlorinated dibenzofuran; e - chlorinated dibenzo-p-dioxin; d - not
detected followed by detection limit in pg/g 1in brackets; e - hexachlorodibenzofuran
including the 123478-, 123678-, and 234678-isomers; f - hexachlorodibenzo-p-dioxics
including the 123678-, 123478-, and 123789-isomers.
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substituted PCDDs and PCDFs were detected ic [these samples (Figure 2) with the

tetra- and penta-chlorinated congeners predominating in comgentratijon over
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Fig. 2 - GC/HS proefile of fat sample from |turtle| 1 lhoviﬁg presence of
2,3,7,8-chlorine substituted PCDDs [and PCDFs; peak respouses are
reported at different attenuations for each comgener group.

the higher chlovinated groups (hexa-, bepts~ and octa=). The preseace of only
2,3,7,8-chlorine subszituted PCDDs snd PCDFs is similar to that found ian human
tissues and in fiash from the Grost Lakes (1-4)15). GHovever, the distribution
of PCDDs and PCDFs among the various congener |groups |ia the turtle tissues is
compsrable to that found in fish (tetra= rnd peata~ highest and higher
chlorinated PCDDs and PCDFs lover) and differect [to that found i human
tissues (for PCDDs, tetra~ lovest and octa- highest; for PCDFs, pents-, hexa-,
bhepta~ similar coacentrstion) (I135). Alchough Eht aumber of samples is small,
a distinection in tissuq level exists batveen trl snapping turtle tissues from
the St, Lavrence River and the Blandings turtle liver sample from the Ottava
River. The latter sawple shoved only a small)|smoune| of OCDD near the detec-
tion limit of 10 ppt, a difference vhich ne doubt reflects the localities from
vhich the snimalf vere obtaised. The tissues |from turtle 3 contain the same

types and about tha same concentration of PCDDs| as those from turtles I amd 2,
Hovever, turtla 3 shovs & different PCDF profile tham do turtles 1 and 2,
Firstly, additional PCDY (1,2,3,7,8~PnCDF, hexachlorodibenzofurans (HxCDF),
and heptachlorodibenzofuran (HpCDF)) are present in turtle 3 aad, secoundly,
the levels of some of the PCDY (particularly 2.3,iL7.s-racnr and 2,3,7,8-

783352
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tetrachlorodibenzofuran ({TCDF)) are =much higher in this suimal. 08 a wvet
veight basis, the 2,3,7,8-7TCDD content ?E :helthree fat samples was 4 to 7
times higher than the liver saumples. Bovever, on a 1ipid basis the liver
sanples contsined 970, 350, and 462 pg/g|2,3,7,)8-TCDD inm turtles 1, 2 and 3,
respectively, lavels wvhkich are 1 to 2 tizas highfr thao the fat sample levels.

To coafirm the 2,3,7,8-TCDD concentrstions 'in some of the positive turtle
fat sacplas, snalysis of turtle fats 1| sad 2| vas slso earried out by twe

separate laborastories using, iz one csse; & different chromatographic cleanup

and GC=MS i{nstrumentstion end, in the oLhez casse, & completely unrelated in
vitro biosssay wvhich pessures 2,3,7,8-TCDD like activity., The results from
the three different procedures are given in Table 3. The agreement betweet
the twe chemical-physical techniques is quite acceptable given the level
beiog messured gnd the use of different fat [from the ssme animals. The
results of the in vitro bicassey indicate that both samples of turtle fac kave
2,3,7,8-TCOD-1ike activity. Presentation of ::be bicassay data azs & range
rather than a discrete number is a consequence|of using a ten-fold dilutioz.
Hovever, the semi-quantitative values sre counsistent with the results gener-
ated by chemical sonslysis.

Ia ovrder to compare the 2,3,7,8-TCDD valuf: found in the turtle samples

vith other biota, results of the analysis of ee]l samples from Lake Ontaria acd
the S2. Lavrence River area are given| im Table 4. Eel is a fatty £isk
(sverasge lipid ccatent of the eleven samples in' Table & was 242Z) and comzains
telatively high levels of 2,3,7,8=-TCDD (i). Thle average values found here on
a wet tissue basis of about 20 ppt 2.3,7LB-TCDh vith smaller gmounts of octher
PCDDs aud PCDFs are at lezst an order of magnitude lover than those found in
the turtle fast ssmples., Although the t&uﬁling‘il limiced, the two eels frox
the Richelieu River (site 7) which does not receive an input from Lake Onterio

contained nc measureable 2,3,7,8=-TCDD.

Table 3. Comparison of 2,1,7,8-TCDD levels in
pg/g io turtle fats ! and 2 usimg two GC=HS
methods and a biocsssay (2.3.7J8-TCDD equiva~

leats).
l
Turtle GC-M8 Sicassay
Fat No. npa® nes® FYS®
. 1 474 586 200-2000
p 2 232 i 203 100-1000
.

4 - Health Protection ?:nn:h.| results from
Table 2; b = New Yogk Stace Dept. Health,
fat frow the ‘same turt]le but wusing
different asample preparation aud GC=MS
conditions; ¢ =~ the blno sdmple as in (b)
but sfter extrection and(| lipid removal
viech sulfuric acid

GENp 01054, | 783353
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Table &, 2,3,7,8-TCDD levels in American eel ssnples‘ collected in 1982 &nd
1983 frou the Great Lakes region.

Origin Humber Kumber Concentration Average
Samples Positive j:3-14 positives
l ia ppt
Laks St. Pierre, 2 2 16,29 23

St. Lsvrencs River, site 5P

Remourasks, 2 2 15,22 19
St. Lavrence River, site 6

Richelieu River, site 7 2 0 ND¢,ND -
(tributary of St. Lgwvrence)

Eastern part 5 4 19/15,210,3.7,ND 12
Lake Ootario, site 8

I - lve;age leogth and wveight of river eel samples| vas 960 mm aund 2.1 kg;

b - refer to Fig., 1; ¢ = net detected

DISCUSSION

This is the first report to document the presence of 2,3,7,8-TCDD in
turtle tissues. The comcentrations found ig turtqes from the S5t. Lavrence
River are some of the highest koown for wildlife biots. Rappe et al. (8)
reported high levels of PCDFs (up to 3,000 pgt total) in the f2t of a turtle
tsken from the Hudgon river. 2,3,7,8-TCDF nLd 2,3,4,7,8-PaCDF wvere messured
at 45 and 620 pprt, respectively, but the presence |{of PCDDs was not assayed
thsan the Hudson river turtle. It is of intfres: to aote that turtle 3, ia
addition to contaioing a bigh PCDD load siwilar to {that of turtles | and 2,
also0 had PCDF levels (especially 2,3,4,7,8=-PaCDF) even higher than these of
tbe Hudson River turtle. 'Bocontly, Korfmacher et {al. (18) reported quali-
tative tesules of over 500 ppt 2,3,7,8-TCDD in the !fat and eggs of a snake,
vhich vas taken from a contaminated lake in Arkansas., All these reports oan
tissue levels in reptiles for 2,3,7,8-TCED are| somewvhist lower than the 2.7 and
16 parts per dillionm (ng/g) found is the liver| and adlipose, respectively, of &
snake from the Scveso area of 1taly (19) after the accidentsl release of
2,3,7,9-TCDD from a trichlorophenocl expleosion.

Conparison of these results with that reported|in other wildlife shows
that fish contain lover amounts of 2,),7,8-TCDD with one of the more contamin-
ated species, c:&s. from Lake Oantario showving ievell of about 20 ppt. Eggs of
the berring gull (Larus asrgentstus), « fish eating bdird, contain higher levels
of 2,3,7,8-TCDD (presently sbout 80 teo fOO ppt| in Lake Ontario) than fish do,
but neither species appears to sccumulate and store{2,3,7,8-TCDD as much as

the snapping turtle does. As far as ve are au-fu. PCDF levels of the magni-
tude found in the tissues of turtle 3 have not been seen in wvildlife samples

783354
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I
Indeed this snimal species sppears to be uhiquc in its abilicy
Because of their nom=mobile habits, turtles wvould appear

Lo tolerate

these contaminancs.
40 be an excellent biological screem for PCDDs aad FCDFs. This ability of
turtles to asccumulate toxiec chemicals has beea uo?ed by Stoue et al. (6) in
vorking wvith the related countassinsac PCB. [Thcy found very high far levels
(over 1000 ug/g) of FCBs iz certain cszses| from apparestly healthy stapping
turtle specimens. Yawvith et al. (20) slso ?o:ed that another asquatic turtle,
the Caspian terrapin (Clemoys caspics), contained PCB levels over 20 times
higher thano that found in two bird species trken from the same ares.

The detection of dioxin-like activity determined by thbe biosssay and the
semiquantitative correspondesce with the chemical procedure suggests that the
bioassay could be used as aw initjal indicstor fog the presence of PCDDs and
PCDFs upon which & priority raoking for subsequent| chemical snalysis could b2
based. This bioasseay is based oo the 2,3,7)8-TCDD| induced reversible iohibi-
tion of cell groweh and slterationa in morpholaogical characteristics of a line
of mouse .epithelial cells co-cultured vith |irradiated mouse fibroblast cells

(17). ' This assay is potencially useful as a rspid and ioexpensive semi-
quantitative broad screen for aggragste Ibiologicnl activity even in the
presence of & large excess of PC3s cud,c:é be used as & supplement to more
specific chemical apalysis.

The liver/adipose ratios for 2,3,7,8-TCDD ig |these chree turtles varies
batween 0.14 and 0.22 on & wvet weight basils. This ratio is somewhat higher
than that found by Stone et al. (6) for FC2 (0.04 to 0.07) and DDPE {(0.03 reo
0.09) in the same apecies from the same l:?:e apd| by Pearson et al. (21) for
dieldrin (0.03 to 0.09) in the box turtle (Terrapene carolina) 70 days afrer a

single injected dosea. The higher relati#e auo&nt of 2,3,7,8-TCDD in the
turtle livar thea ia the fat when compared (2o the Jother chlorinated compounds
is iz agreement with experisenctal dats in rats (22) and may reflect s recent
exposure to the former contamimant or an exposure !lcle to one cagusing adverse
effaces.

Chelydra serpentina are cmaivorous and feed on |significant amounts of both
animasl and plant food. The TCDD levels in the turtles are eonsistent with the

counsumption of & fish diet containing lb?nt 20| ppt 2,3,7,8=-TCDD, a level

currently found in ee] samples from the tate regicn and suggest that turtles
biosccumulate 2,3,7,8-TCDD to the ssme e::?nt as do laboratory rats (23) znd
beef catzle (24). In the former case Kociba st al. (23) fed laboratory rats
coutinuously for 2 years a diet eon:nining!!! PPL(2,3,7,8-TCDD (about 1 ag/kg
bo@y weight per day) which resulted in a tissue Tesidue level of 540 ppt in
both fat and liver. In the octher case, Jensen et sl. (24) fed beef cattle for
28 days s diet containing 24 ppc 2,3,7,8-TCDD (abouc 0.8 ng/kg body weight per
day) and this resulted in & fat level of about 8¢ ppt which was ingreasing and
estimated to pesk ac abour 600 ppt. Ie lis nlsé aotewvorthy that the older
turtles in this report (turtles 1 and 3; had Eha higher fat 2,3,7,8-TCDD
residues suggesting that the levels from specimens from the same location may

783355
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incresse wvith age and/or size - & relstionship whi
PC3 (8).

It appears that wmuch of the squatic biots from'

—_

Lavrence River contasins appreciable amounts

limited dats from two tributaries of the St.
Bichelieu Rivers, appear to sbov that they do nc:i
vatsrshed. It is possible that 2,3,7,8-TCDD i» !P

River from Lake Ontarie whieh in turp could [bave o
River (site 9) currently the only confirmed so
(26).
not been identified.
1l and 2
suggests a second coumponent as & source for the Ieﬁ
from PCBE. In support of this, the PCBs in the fat o
ug/g, 20x the the fat

Certainly the lowv levels of the higher chlorinated ﬁ

uree oq
Sources of the other PCDDs {(excluding 2,3,7,8-

Turtle 3 contained nuch [higher

turtles (in additioo to the PCDD telidué

more than levels found in

and fish samples would not indicsate pen:achlorupheno”
The of
PCDDs/PCDFs wvere found sppeared to be sormal ih both|

turtles from which these tissue levels

Whether they bave been subjected to sny long term

3¢ 2,3)7,8-1co0

}
Lavrence River,

CDDs and PCDFs

:adverse effectn

h is slso suggestive for

Lake Ontario snd the St.

(1-3,25%5). More
the Ottawa and
contribute TCDD to this

tering the St, Lavrence

riginated in the Niagara

2,3,7,8-TCDD in the ares
TCDD) and the PCDFs have
levels of PCDFs tham did
This

ls in turtle 3 possibly

levels). result
f turtle ) vere over 800

of other two amimals.
in turctle
as the source.
2,3,7,8-TCDD

sppearance and behavior.

and other
such as

ntly vot kaown. Current

. s s . . A .
reproductive abnormalicies or chroric disease ﬁl press

regulations for 2,3,7,8-TCDD ig fish sre based on s residue level between 10

and 20 ppt., Thus the hsbitual consumption of thelei
may constitute 2 health risk. 3
CONCLUSIOR

Analysis of turtle fat samples by both chemizal!

hss shown the presence of up to 500 ppt levels of 2,3,
the St.

Lavrence river aloag with lesser amounts of;

|
turcle tissues by humans

and bioassay techniques
7 ,8=TCDD ia samples from
other PCDDs and PCDFs.

One sample also shoved a very high PCOF residue
The 2,3,7,8-TCDD concentrat

levcl:

sdditional source,

suggestive of PC8s gs axn

iops inl turtles are bigher than

those found io eel saoples from the same ares jand suggest turtle tissues are

an excellent monitor for this ctype .of contn-ina:i&%. The source of the

2,3,7,3-TCDD levals c¢ould be the Niagara river vis Lak's Ontario.
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