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Prior to 1976, polychlorinated biphenyls (PCBs) were released into the environment in the
course of legal manufacture and use. Today, PCB pollution results largely from volatilization
and runoff from hazardous waste sites, leskage from aging PCB-containing equipment, and
accidental or deliberate dumping (Llados and Faroon 1997). The degree ofpollution by PCBs
and related organochlorines (OC) varies by source proximity, with heavily industrialized areas
being more contaminated than remote sites (Tanabe and Tatsukawa 1986). These pollutants
are not confined to waters proximal to industrial centers. Rather, PCB residues have been
detected in the air (Tanabe et a. 1983) water (Hargrave et al. 1988), and biota (Tanabe et al.
1987), and small cetaceansin pristine waters have been found to have parts per million (ppm)
levels of PCBsin their blubber (Tanabe et al. 1988), indicating planet-wide dispersion of
PCBs. This widespread distribution of PCBs has resulted in their being called “current
congtituents of living beings in our epoch” (Wassermann et al. 1979).

PCB manufacture was banned in Japan in 1972 and in the U.S. in 1976. Since that time, PCB
concentrations have decreased in many areas where they were once quite high. Unfortunately,
discontinued production and diminished levels of PCBs at pollution sources have not led to
universally decreased levels in the evironment. PCBs are environmentally and metabolically
stable, and concentrations of PCBs and other OC in remote sites may remain detectable for
years following removal of the contaminant source (Iwata et a. 1994). Bioconcentrated
residues of PCBs in storage lipids may be quite difficult to eliminate, as seen by the minimal

decrease in PCB concentrations in polar bear tissues over a twenty year period after the ban
of their manufacture (Norstrom et a. 1988). The problem is even worse in cetaceans, which,
due to their long lives, high fat content, and dow metabolism of hydrocarbons, efficiently
bioconcentrate these compounds. Residues of PCBs in tissues of striped dolphinsin a remote
site off Japan increased for more than a decade following restrictions on manufacture and use
of the chemicals (Loganathan and Kannan 1991). Furthermore, the environmental release of
PCBs has not stopped. In 1988, Tanabe estimated that sixty-five percent of al the PCBs ever
produced remained in dumps, landfills, or storage, or was till in use in aging equipment, and
in 1989 it was estimated that between 11 and 17 tons of total PCBs were deposited in the
North Sea each year from existing reservoirs. While the disposal and/or destruction of PCBs
and other OC are now regulated, there continues to be an enormous potential for harm to
biologica organisms from the existing reservoir of pollutants.

During the winter of 1990 a number of Atlantic bottlenose dolphins stranded and died in the
Matagorda Bay area of the Texas gulf coast. This event was originally studied in a combined
effort by NOAA, the National Marine Fisheries Service, and the Southeast Fisheries Science
Center (Hansen 1992). In this paper, the authors present data from a continuation of those
studies showing the levels and TEQ values of a number of PCB congeners extracted from the
blubber of bottlenose dolphins, T. truncatus.
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MATERIALS AND METHODS

PCBs were determined at the TAMU Geochemical and Environmental Research Group
(GERG) laboratory. Tissue samples were excised to include the entire thickness of blubber
plus the skin and some underlying muscle, wrapped in foil and frozen until analyzed. Aliquots
of 0.5to 0.81 g were weighed, minced, and macerated x3 in high purity dichloromethane
(DCM) with a Tissumizer for 3 min. Extracts were filtered through sodium sulfate and
concentrated in a Kuderna-Danish (KD) concentrator to 1 mL in GC-MS grade hexane. A
100 pL aliquot was dried for lipid determination. Chromatography of the extracts through
a column containing copper beads, 5% deactivated silica gel (60-200 mesh) and 1%
deactivated alumina with pentane followed by 1:1 pentane:DCM as the mobile phases
removed any sulfur and separated diphatic hydrocarbons and polar interferences from the
analytes. Eluates were reduced to 1 mL in hexane using a KD concentrator. Lipids were
separated from the analytes in DCM using a Thermo Separation Products AS100 HPLC
equipped with a Phenomenex Phenogel 10 pm 100A column, 7 mL/min, and a Waters 440
absorbance detector. Fractions were concentrated, aliquots were diluted and analyzed on a
Hewlett Packard model 5890 gas chromatograph with an HP 7630 autosampler, a 30 m, 0.25
internal diameter J& W DB-5 fused silica column, and an HP G1223A electron capture
detector equipped with a 15 mCu nickel-63 source. The 2 pL injection was splitless, and the
injection port temperature was 275°C. Helium was the carrier gas. The 99 min run used a
5°C/min ramp from 100°C to 140°C a 1.5°C/min ramp to 250°C and a 10°C/min ramp
to 300°C with 1 min holds a each level and a 10 min hold at the end. Coplanar congeners
77, 81, 126, and 169 were analyzed separately. Blubber samples were weighed and extracted
as above. The extract was eluted through a 5 g charcoa column, first with 40 mL of 90/10
DCM/hexane to remove unwanted PCBs, then with 30 mL toluene to elute coplanar PCBs.
The second fraction was concentrated to 100 pL and run on the GC/ECD in a 32 min run
using a 6°C/min ramp from 120°C to 300°C with one min holds at the beginning and end.

Contrals for GC methods included procedura blanks, interna standards, calibration
standards, a matrix spike sample, and Standard Reference Material (SRM) 1945 (National
Ingtitute of Standards and Technology, Gaithersburg, MD). Internal standards for samples
consisted of 99.6 g 4,4-dibromooctafluorobiphenyl, 102.7 ug PCB 103, and 108.6 g PCB

198 added before extraction and 105.3 pg tetrachloro-m-xylene added after extraction in the
first method. In the analysis for coplanar PCBs, 2.1 ng of polybrominated biphenyl congener
77 was added after extraction. Calibration standards included a mixture of 22 of the PCB
congeners at 200 ng/ml each and three dilutions of this mixture, 80 ng/ml, 20 ng/ml, and 5

ng/ml. Each mixture also contained the internal standards. Sample extracts were typicaly
diluted and rerun if the analyte concentrations exceeded the range of the calibration standards.
Recoveries were calculated using a matrix spike sample, a duplicate of a dolphin sample plus
internal standards except for the addition of 40 ng of all ofthe calibrated analytes. SRM 1945
is a preparation of pilot whale blubber containing certified concentrations of 15 chlorinated
pesticides and 27 PCB congeners. All glassware was combusted in a 400°C oven. Solvents
were verified to be free of anaytes by GC/ECD andysis after 200-fold concentration.

RESULTS AND DISCUSSION

Blubber samples from the ten best preserved male T. truncatus of 26 animals that stranded
at Matagorda Bay were evaluated by GC/ECD, yielding 87 PCB analytes (Table 1). Of
these, 19 congeners co-eluted, giving 68 separate values. Total PCBs per animal ranged
between 13.7 ppm and 41.4 ppm. Analysis of residues showed a wesk correlation (R=0.45)
between estimated age and total PCBs. However, two animals with excessive PCB residues,
28 ppm at age 4 and 41 ppm at age 17, appeared to skew the data. The eight other male
dolphins exhibited residue levels that appeared to correlate well (R=0.86) with age of the
animal estimated by length and girth measurements (data not given).
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Table 1. A GC/ECD analysis of PCB congeners in blubber samples from Atlantic bottlenose
dolphins (Tursiops truncatus). Blubber from dolphins that stranded at Matagorda Bay was
evaluated for PCB congeners reported as ng/g lipid weight (ppb).

Dolphin ID PO 101 PO 106 PO94 PO9S9 PO110 PO 117 PO100 PO98 PO 109 PO 104 Mean
PCB 15 82.2 187 501 70.5 24.9 16.0 329 281 12.3 43.0 379
PCB 18/17 475 278 474 246 239 24.6 23.8 19.9 18.3 23.3 28.1
PCB 22/51 3.7 1.8 ND 4.9 ND 5.4 6.8 ND 1.8 ND 24
PCB 25 ND ND ND ND 57.8 ND ND ND ND ND 58
PCB 26 1175.1 19280 6009 2216.6 1151.5 21964 3563.0 26579 14814 22894 1926.0
PCB 28 321 298 3638 ND 303 16.1 ND 77 28.1 ND 18.1
PCB 31 ND ND ND ND ND ND 24.7 ND ND 24.4 49
PCB 40 9.5 ND 474 ND ND 33 ND ND ND ND 6.0
PCB 44 89.1 927 1238 104.1 56.1 588 427 810 64.4 94.7 80.7
PCB 45 12.0 6.5 314 14.0 8.1 7.1 7.1 12.6 75 7.1 11.3
PCB 47/75 1722 2626 401.8 261.0 1463 3173 3048 2821 1357 2632 2547
PCB 48 60.3 ND ND ND 41.1 ND ND 520 26.3 ND 18.0
PCB 49 127.5 529 1556 615 774 57.1 550 86.1 393 61.1 774
PCB 52 3670 4449 5226 4876 3598 6538 6467 6362 3625 4959 4977
PCB 56/60 ND 111.6 985 645 36.2 874 2094 960 453 70.9 82.0
PCB 66 334 627 657 224 48.6 ND ND ND 454 ND 27.8
PCB 67 802 1513 1875 635 61.7 444 658  56.1 435 68.6 82.2
PCB 69 13.2 7.1 ND ND 3.8 5.7 ND 9.0 4.4 7.2 5.0
PCB 70 1.2 313 713 284 19.6 384 882 568 14.4 479 39.8
PCB 74/61 141.8 2004 2898 773 1241 82.1 80.3 1108 1057 129.8 1342
PCB 83 32.1 ND 392 ND 12.1 15.6 ND 290 11.3 12.4 152
PCB 87/115 115.8 69.5 1107 531 55.6 48.1 376 742 41.9 55.4 66.2
PCB 91/55 263.3 3435 4436 3324 2356 2353 4166 351.1 2321  327.0 318.0
PCB 92 208.6 3598 5869 3574 2854 299.1 4650 5136 3093 3327 3718
PCB 95/80 2674 3605 673.6 3847 2896 4544 670.1 605.1 2843 5015 4491
PCB 97 46.9 165 101.2 9.5 11.1 9.8 10.1 15.7 7.7 13.3 242
PCB 99 902.8 1283.9 1571.4 14172 766.0 15922 2560.0 2145.1 1060.8 1421.6 1472.1
PCB 101/90 8266 7495 1221.0 6338 5894 6580 7909 9437 6243 6785 7716
PCB 105 197.8 2054 308.8 ND 1435 187.0 2058 2007 180.0 1944 1823
PCB 110 1075 1022 166.8 ND 80.5 ND ND ND 88.5 ND 54.6
PCB 118 770.7 6246 1052.3 4458 4948 4124 3842 6609 5476 5246 5918
PCB 119 938 1267 1345 935 64.7 895 1389 1313 73.1 89.0 1035
PCB 128 323.6 3846 5284 4598 2438 6053 7448 7247 2899 5128 4818
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Dolphin ID PO 101 PO106 PO94 PO99 PO110 PO117 PO100 PO98 PO 109 PO 104 Mean
PCB 129 39 15.7 114 355 38 23.7 290 253 5.0 12.2 16.5
PCB 130 3780 5655 3995 6915 3771 6629 1008.8 7958 5054 7686 6153
PCB 138/160 2068.7 22109 24337 37420 1858.1 36144 5659.2 4761.7 14540 29569 3076.0
PCB 146 381.6 3708 890.8 562.1 3332 4223 8326 8487 4194 5723 5634
PCB 149/123 4525 4532 1050.7 6664 3122 6826 10908 9576 3586 6650 669.0
PCB 151 225.5 3698 546.8 6213 2632 7432 10328 7493 3405 584.1 5476
PCB 153/132 25546 27485 51929 5002.8 1977.3 60838.0 8543.0 6658.5 2506.0 4677.2 45949
PCB 158 1940 2363 371.8 4946 1489 491.8 7389 7226 180.7 4595 4039
PCB 167 1253 1404 1686 1179 80.6 85.6 ND 1379 92.1 ND 94.8
PCB 170/190 356.2 4506 6882 6825 269.2 5850 10974 927.0 3511 6315 6039
PCB 171/202 ND ND ND 865 ND 68.7 97.8 132.1 1550 101.0 64.1
PCB 172 ND 69.2 ND ND ND ND ND ND 56.4 ND 12.6
PCB 174 964 1238 2150 1773 844 1668 3064 2648 1020 1948 1732
PCB 175 ND 73.0 648 1115 ND 97.0  156.1 ND ND 82.6 58.5
PCB 176/137 1040 2002 2833 ND 1322 1139 ND 162.1 1742 ND 117.0
PCB 177 110.0 1477 3237 2408 107.6 2122 3750 2947 1397 ND 195.1
PCB 178 113.8 1269 2477 2345 90.6 1727 3337 2720 1210 2020 1915
PCB 180 363.5 4536 1587.6 14292 551.6 1329.1 24585 21548 7706 1449.0 1254.7
PCB 183 ND ND 4782 ND ND ND ND ND 8474 ND 1326
PCB 185 64.9 883 769 767 51.6 637 1190 997 60.4 82.0 78.3
PCB 187 6415 721.6 15765 12409 4855 11089 21125 17569 6957 1158.1 1149.8
PCB 189 21.9 28.1 382 382 ND 28.1 58.1 53.1 19.3 34.8 32.0
PCB 191 ND ND 371 ND ND ND ND ND ND ND 37
PCB 193 80.3 1092 157.1 1432 758 1260 2346 2057 1065 1463 1385
PCB 194 1954 2186 3141 3438 1146 2383 5178 4828 1833 3407 2950
PCB 195/208 1945 2076 1829 2953 1155 1685 373.6 3281 1885 279.1 2333
PCB 197 374 473 210 649 25.6 40.5 89.1 71.7 36.3 60.0 494
PCB 199 2180 2526 371.0 4148 1479 2848 6144 5367 2099 3834 3434
PCB 200 18.9 162 353 276 14.1 132 529 396 18.0 31.8 26.8
PCB 201/157/173 1099 1238 ND 1763 845 1314 2493 2281 87.7 1729 1364
PCB 203/196 2466 301.0 3522 4452 1513 2992 6564 5949 2326 4255 3705
PCB 205 56.4 797 552 828 289 544 1075 1004 42.6 78.9 68.7
PCB 206 129.7 1315 1238 1882 72.0 91.8 2114 2246 1185 1814 1473
PCB 207 91.1 91.7 453 1435 49.1 745 1560 1486 87.8 1309 1019
PCB 209 3373 3345 1903 5292 179.1 3264 484.1 654.1 3523 586.8 3974
Dolphin ID PO 101 PO106 PO94 PO99 PO110 PO117 PO100 POS8 PO 109 PO 104 Mean




For each of the ten animals the combined congeners 153/132 and 138/160 made up dightly
less than half of the total for the ten most prevaent PCB congeners. When congeners 26 and
180 were added to that list, the six congeners comprised about 70% of the total for the ten
most prevalent PCB residuesin each animal (Fig. 1). This was expected, as 26, 153, 138 and
180 are the most common congeners in the biota. To assess the potentia toxicity of PCB
mixtures found in these animals, toxic equivalencies (TEQs) were calculated for each
congener, where possible, by multiplying toxic equivalency factors (TEFs; determined using
rodents) for each congener times the congener concentration. These determine the toxicity of
each congener relative to toxicity of the same concentration of 2,3,7,8-tetrachlorodibenzo- p-
dioxin (TCDD). The contribution of mono- and di-ortho coplanar PCB congeners to the total
TEQ of each animal showed that PCBs in these animals have a cumulative TEQ between 0.35
and 0.7 ppb of TCDD (Fig. 2). However, when analyses of the non-ortho coplanar PCBs
were completed on five animals, the data showed that some of the non-ortho congeners made
alarge contribution to the total TEQ even though the residue levels were very small compared
with total PCBs (Fig. 3). The non-ortho PCB congeners 77, 126 and 169 were responsible
for significant increases in total TEQ, particularly congener 126. PCB residues of dolphin
PO98 went from a TEQ of 0.70 without non-orthos to 2.53 when non-ortho PCBs were
included in the calculation. Dolphin PO1 10, a 15 year old mae with a PCB TEQ of 0.36
without the non-ortho congeners, exhibited a TEQ amost twice that value, 0.64, when the
non-orthos were considered. While three animals PCB values approximately doubled, two
others, P098 and P0100, showed a three- to four-fold increase in the TEQ when non-ortho
congeners were considered. Although toxic chemica effects may differ dramatically between
species, it is possible that TEQ values from data determined on rodents may be extrapolated
to considerations of PCB toxic effects in marine mammals. The expense of determining non-
ortho PCBs precluded determining these values for al of the animals.

Environmental exposure of animals to organic pollutants, many of which may alter endocrine
function (Roman et a. 1998), is associated with onset of a number of adverse physiologica
responses. Of these, the majority are a function of the agonist/antagonist actions of chemicals
on receptor-mediated gene expression, and include reproductive abnormalities and decreased
fertility of malt offspring (You et al. 1998; Roman et al. 1998), abnormalities of somatic
development (Abbott et a. 1994), and decreased immune system function (Hardin et al. 1992).
Exposure of pregnant females to OCs such as the PCBs and related chemicals may cause
prenatal mortality in a variety of animals (Olson and McGarrigle 1992). Developmental
abnormalities may occur at lower OC concentrations than those causing prenatal mortality
(Mably et a. 1992). The LD, of TCDD in developing rainbow trout fry, 40 pg/kg egg
weight, is approximately 25-fold lower than the LD, for juvenile trout (Walker and Peterson
1991). In a separate study, embryos from trout eggs into which TCDD was introduced at 385
po/g of egg weight exhibited a series of craniofacial abnormalities and vascular defects
directly correlated with TCDD levels (Homung et al. 1999). Prenatal exposure of rat pups
to very low levels of TCDD from a single dose to the pregnant female resulted in body
burdens of 18.1 pg/g on gestational day 16 and caused reduced fertility in subsequent
generations (Hurst et a. 1998). In this study of fetd rats, overt effects of TCDD on pregnant
females were not detected even though maternal blood levels were comparable to fetd levels.
Similar data on PCB toxicity in developing mammals are not as extensive, but available TEQ
values alow toxicity of some PCB congeners to be expressed as a function of comparable
TCDD toxicity.

Reddy et al. (1998) reported that blood and blubber levels of PCBsin Atlantic bottlenose
dolphins were correlated. The data of Hurst et al. (1998) indicated that maternal blood levels
of OC in rats were approximately equivalent to fetal levels. Assuming that terrestridl mammal
data can be extrapolated to dolphins, the data of Reddy and Hurst would suggest that maternal
blubber levels of OC are likely to be correlated with maternal blood levels of OC, and that
maternal OC blood levels may be correlated with fetal OC blood levels. Thus, it is possible
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Figure 1. A compilation of the ten PCB congeners most prevalent in the blubber samples from
Matagorda Bay animals.
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Figure 2. The total TEQs of PCBs per animal showing the contribution of each congener,
mono- and di-ortho only, to the total TEQ given in ng/g blubber lipid.
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Figure 3. The total TEQs for five animals on which data were obtained to show mono-, di-
and non-ortho congeners. TEQ data are given in ng/g blubber lipid for each animal.

that maternal blubber or blood levels of OC may be useful to approximate those found in
embryonic tissues. This proposa would be extremely difficult to evauate were it not for data
comparing PCB residues in maternal blubber and pre-nursing dolphin calves. Pre-natal and
nursing transfer of lipid soluble chemicals, including PCBs, from females to offspring has
been previoudly reported (Tanabe et a. 1982) and data from healthy female dolphins and
their stillborn, never nursed, calves suggest that offspring tissues contained PCB residues
lower than, but dependent on, PCBs in materna tissues (S Ridgway and M. Reddy,
unpublished data). These datacombine to suggest that it might be possible to predict the
toxic effects of PCBs on fetal development in dolphins by calculating TEQ values based on
accumulated PCB residues in blubber. These analyses were completed on male dolphins
because the PCB residues from female animals would be dependent on pregnancies and the
duration of lactation. The values reported for males would be expected to be greater than
those for adult females, but similar to those of females that had never calved.

The variety of animal responses to endocrine disruptive and AhR-interactive xenobiotics is
thought to be related to the differential capacity of chemicalsto bind cellular receptorsin
different species, however, these responses have not been defined for the vast mgjority of
animals. Toxic equivalency factors (TEFS) are available for many of the more physiologicaly
active PCB congeners known to bind the Ah receptor. The concentration of each congener
times its TEF is expressed as a TEQ value, a measure of probable toxicity in laboratory
animalsrelative to the effects of a specific concentration of TCDD given as asingle dose.
TEQ values do not consider synergisms or antagonisms between chemicals in complex
mixtures and account only for AhR-mediated toxicity, thus the values may be difficult at best
to correlate with toxic effects exhibited by animals chronically exposed to low levels of
chemicals in complex mixtures. Further, the TEFs from which one calculates TEQs are based
on doses administered to specific species, and may not reflect the toxicity of body burdens of
chemicals bioaccumulated by a different species. The relationships of TEF and TEQ values
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to the chronic effects exhibited by the majority of animals exposed to low levels of chemicals
as complex mixtures have not been established. None-the-less, the calculation of TEQ values
provides essentially the only mechanism by which one can approximate the cumulative effects
of toxic chemicals in vivo.

In this study we determined the residue levels of avariety of PCBs, including non-, mono- and
di-ortho coplanar congeners in blubber from male dolphins that stranded and died. Tissue
levels of total PCBs ranged from 13.7 to 41.4 pg/g blubber lipid. While thisis much less than
the 90-1400 pg/g reported by Corsolini et a. (1995) for bottlenose and Risso's dolphins in
the Mediterrean, it is till ahigh level of PCBs. Corsolini estimated TEQ values of 18.8 ng/g
lipid for bottlenose dolphins from Italian coastal waters, a value they attributed largely to
mono-ortho PCBs. This was about 6-fold higher than the highest TEQ for the Matagorda Bay
animas. The highest TEQ of Matagorda Bay dolphins based on mono- and di-ortho PCBs
was 0.81 ng/g of blubber lipid. When the non-ortho congeners were evaluated, a maximum
total of 2.6 ng/g of blubber lipid was found, for a PCB total of 3.41 ng/g of blubber lipid.

While less than the TEQ values estimated for Mediterrean dolphins, this is substantial
considering that 0.018 ng/g of body weight was associated with developmental abnormalities
and reduced fertility in fetal rats (Hurst et al. 1998). While there were significantly lower
tissue residues of non-ortho congeners compared with mono- and di-ortho forms, the non-ortho
PCBs made the greatest contribution to potential toxicity in the animals. The TEQ values
reported here for PCBs bioaccumulated in male animals suggest that some of the Texas Gulf
Coast T. truncatus population that stranded and died may have had blubber levels of PCBs
that, had they occurred in pregnant females, would be consistent with the onset of fetal

developmental anomadies, diminished immunologica function, and/or decreased reproductive
efficiency in terrestrial mammals.

A confounding factor in this study was effects of the weather. A hard freeze had occurred
about two weeks prior to the mass stranding, resulting in the death of a major dolphin food
species. Miller (1992) proposed that the absence of food fish in the stomachs and the
emaciated conditions of stranded animals suggested that starvation and cold were significant
contributing factors in their deaths. Korytko et a. (1999) showed that dogs fed 25 ppm
Aroclor 1248 for 10 weeks exhibited the presence of new PCB congeners in the serum after
24 hr of fagting, that the congeners were present in serum as long as the animals were fasted,
and that fasting resulted in a 293% increase in serum PCB concentrations. During the period
of starvation described by Miller, dolphins would have metabolized stored fat reserves, and
the subsequent release of lipid-soluble chemicals would be expected to increase circulating
serum PCB levels, causing the pharmacologically effective PCB concentrations to be
increased. There is no mechanism by which one can evaluate the potentially altered circulating
level of PCBs in these stranded animals, nor can one speculate on the gene-expression
disrupting effects of PCB levels transiently elevated by an extended period of food
deprivation. There remains, however, the fact that blubber levels of PCBs in some of these
animals were at concentrations expected to be consistent with the initiation of toxic effects.
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