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Abstract. The H4IIE rat hepatoma cell bioassay has beenal. 1994; Tillitt et al. 1991; Schmitzt al. 1995). HAHs bind to
extensively used to assess the toxic equivalents (TEQs) ahe aryl hydrocarbon (Ah) receptor which in turn initiates
complex mixtures of halogenated aromatic hydrocarbons IrCYP1A1 gene transcription upon binding to the CYP1A1l
environmental samples. However, there is often a discrepanq\égmatory region on DNA (Whitlock 1990). Induction of
between bioassay induction results and toxic equivalents calcleyp1A1 can be quantitated by fluorimetric measurement of
lated from chemical analysis of samples; the former generallythoxyresorufiro-deethylase (EROD) activity. H4IIE cells
yield higher bioassay-TEQs. Polynuclear aromatic hydrocaryaye jow basal CYP1Al-dependent activity but are highly
bons (PAHs) are a class of chemicals which can significantly 4 ipje by HAHs allowing for very sensitive assays. For

contribute to induction-TEQs. Benzo(a)pyrene (BAP), dibenz(a - : : . o
h)anthracene (DBA), benz(a)anthracene (BA), benzo(k)fluoran?)(a;n pl$ 8t he I|m|:“of deted(?;[)lon fo;.'nd.UCt'_I(_)ESEEROD g;t'f\”tyl
thene (BkF), benzo(b)fluoranthene (BbF), chrysene (Chr), andY. 23,7 ,8-tetrachloro-p-dibenzodioxin ( ) was mo
indeno(1,2,3-c,d) pyrene (IdP) are carcinogenic PAHs found if'SIng 15X 100 mm petri dishes (Tillitet al. .1991)'

environmental samples, including oysters collected from Galves- Beca.lu_se the various HAH congener_s bind to_the Ah _receptor
ton Bay. The induction potency of these PAHs relative toand elicit a ngmber.of common toxic and biochemical re-
2,3,7,8-tetrachlorodibenzo-dioxin (TCDD) was determined SPONSes, a toxic equivalency (TEQ) approach has been devel-
individually in rat hepatoma H4IIE cells seeded in 6-well Oped to describe the potency of complex mixtures of HAHS.
plates, and the induction-derived equivalency factors (EFs$.,3,7,8-TCDD is the most potent inducer of EROD activity in
relative to TCDD were 0.000354, 0.00203, 0.000025, 0.00478H4IIE cells and is used as a reference standard for developing
0.00253, 0.00020, 0.0011 for BAP, DBA, BA, BkF, BbF, Chr, toxic equivalency factors (TEFs) for the induction activity of
and IdP, respectively. Dilutions of a reconstituted PAH mixtureindividual HAHs (Safeet al. 1989; Ahlborget al. 1994). The
containing 23 PAHs (744 to 4466 ng/g total PAHsS) with TEF approach can be used also to calculate TEQs for HAH
constant percentages of BAP (4.5%), DBA (3.5%), BA (_2-4%),mixtures (e, TEQuuact= |[HAH] {TEF; +. . .+ [HAH] ,TER)

BkF (3.7%), BbF (3.5%), Chr (4.7%), and IdP (4.2%) yielded gnq several studies have shown that there is a good correlation
bioassay-derived inductiqn-EQs that ranged from 0.52 to 1.44)atween calculated and observed TEQs for HAH mixtures
ng/g. Oysters exposed in the laboratory to the same PARyjjitt et a1 1991: Safest al. 1989). In contrast, it has also been
mixture for 30 days differentially accumulated the PAHs with &eported that chemically calculated TEQs for some mixtures
time. Bioassay-EQs for these oyster extracts ranged from 0.9Were lower than bioassay-derived TEQs for the same samples

to 5.79 ng/g. These results were similar to the chemically, . ) ] .
calculated EQs which varied from 0.81 to 3.13 ng/g. (Zacharewsket al. 1989; Kennedyet al. 1996; Schmitzt al.

1996; Williamset al. 1995) which may be indicative of either
synergistic interactions of the contaminants and/or the presence
of active compounds which are not identified by chemical
analysis. PAHs are a class of compounds identified in some
The HA4IIE rat hepatoma cell bioassay has been used t@nyironmental samples, and these compounds induce EROD
characterize the induction potency of various halogenated vty in bothin vivoandin vitro bioassays (Van der Weiden
aromatic hydrocarbon (HAH) mixtures containing polychlori- al. 1994: Piskorska-Pliszczynska al. 1986: Brunstronet al.

nated biphenyls (PCBs), dibenpedioxins (PCDDs), and . ; :

dibenzofurans (PCDFs) (Zacharewsdtial. 1989; Tysklindet é?:il’fc':/rlazzsgt ?Li;%?g)'Shgfcltjrr]fnrzsc;[:tdﬁgfiszrt;rg:?t?; e
concordance between chemically calculated and bioassay induc-
tion EQs was tested by exposing oysters collected from

Correspondence t@3. H. Safe Galveston Bay to a reconstituted mixture of PAHSs.
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Materials and Methods Protein concentrations were determined by the method of Bradford
(1976).

Cell Culture and EROD Assay 6-well Plate Protocol
) .. Calculation of Induction EFs and EQs
Rat hepatoma H4IIE cells were grown as a continuous cell line in

a-minimum essential media (Sigma, St. Louis, MO), supplemented . . .
with 2.2-g/L sodium bicarbonate, 10% fetal bovine serum, and 10-ml/LECsoS Were calculated by both probit analysis and from a Gaussian
antibiotic/antimycotic solution. Stock culture cells were grown in curve fit of the induction data. The Gaussian distribution was a better

150-cn? plates at 37°C in a humidified air/carbon dioxide (95/5%) description of the data, so those results are reported in this study. The

atmosphere. The cells were seeded in 6-well plates in 2-ml media pe(F-aussian curve fitting procedure was_similar to the one dgscyi_bed by
well. After 24 h, the cells were treated with two 5-pl test extracts, PAH <ennedy and coworkers (1993), and Sigma Plot (Jandel Scientific) was
standards, or 1-nM 2,3,7,8-TCDD dissolved in DMSO. 2,3,7,8-TCDD used to perform the calculations. The equation is as follows:

was used as the reference standard for each experiment. After

incubation for 24 h, the media was removed and the cells were washed y(d) = Yy + (Ym — Yp)exp[—C[In(d) — In(d)3

with 2-ml Hanks (Sigma, St. Louis, MO) solution and harvested by

scraping into 4-ml Tris-sucrose buffer (Tris base 6.05 g/L, sucrose 59.%vhere

g/L, pH 8.0). The cellular pellet was isolated after centrifugation for 5

min at 1000 rpm at 4°C and resuspended in 200-pl buffer. Fifty- In(2)
microliter aliquots of the cell suspension were used for both EROD = T and
assays and protein determinations. EROD assays were determined as (In(ECs0) — In(dm))

described by Pohl and Fouts (1980) with modification. The 1.15-ml

incubation mixtures in 0.1 M HEPES, pH 8.0, contained 0.1-mgy(d) is EROD activity at the PAH concentratiah Y, andY,, are basal
NADPH, 0.1-mg NADH, 1.5-mg BSA, 0.7-mg MgS©Qand 50 pl of  and maximal EROD activity, respectively, adglis the PAH concentra-
cells. Fluorescent metabolites were determined using a spectrofluorontion when the EROD activity is maximal. Because BA and Chr did not
eter at 550-nm excitation and 585-nm emission wavelength settingause depressed EROD activity at the highest concentrations used, a
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logistic function was used to fit the EROD dose response curves foffable 1. Reconstituted PAH mixture used in oysters exposure studies
these compounds:

Compound Percent Contribution
y(d) =Yy + (Y — Yo)[L + exp[—(In(d) — IN(ECsp))13 2 Naphthalene 4.63
1-Methylnaphthalene 5.58
where the symbols are as previously described. The induction-EF foBiphenyl 4.70
each individual PAH was calculated by dividing thes@r TCDD by~ 2,6-Dimethylnaphthalene 4.84
the EG, for each PAH. The chemically derived induction EQ was Acenaphthylene 4.68
calculated as described below: Acenaphthene 4.89
2,3,5-Trimethylnaphthalene 4.43
EQuuraci= S(PAHLLEF; + - - -+ [PAHL,EF) puorene e
Anthracene 5.25
Aquarium Experiment 1-Methylphenanthrene 4.70
Fluoranthene 3.97
. . » . Pyrene 3.96
The aquarium exposure experiment conditions and PAH concentraﬂoperwene 4.78
data used for this investigation were previously reported elseWher%enzo(g,h,i)perylene 355
(Sericano 1993). Briefly, American oyster€réssostrea virginica Benzo(e)pyrene 3.78
were collected by dredge from Hanna's Reef, Galveston Bay, TexasBenz(a)anthracene 241
transferred as soon as possible to 40-L glass aquariums, and adapteddﬂrysene 4.72
laboratory conditions for 7 days prior to the experiments. A total of Benzo(a)pyrene 4.56
eighty oysters were divided in two separate tanks. The oysters in th%deno(l,Z,S-c,d)pyrene 4.23
PAH-dosed tank were exposed to a mixture of 23 PAHs (prepared bbibenz(a,h)anthracene 3.48
dilution of NIST SRM 1491, National Institute of Standards and Benzo(b)fluoranthene 353
Technology, Gaithersburg, MD, USA) adsorbed onto Kaolin partides-Benzo(k)ﬂuoranthene 3.74
The relative percent composition of the dosing mixture is shown in

Table 1. The uptake experiment was performed at one dosing level and

the nominal concentrations of suspended solids and total PAH in the

dosing mixture were 10 mg?!land 240 pg g, respectively. The

nominal aquarium total PAH concentration was 2.4 figlhe oysters  300°C at 10°C mint and held at 300°C for 10 min. The GC/MSD was
were continuously fed during the course of the experiment with acalibrated by injections of standard solutions at four different concen-
mixture of two algaeThalassiorsia fluviatilisandlsochrysis galbana trations. Analyte identity was confirmed by molecular weight and
Temperature, pH, salinity, suspended particles, and recirculation flowetention time of authentic standards. In this study, BkF and BbF were
for each aquarium were monitored daily. The control tank was preparegiot completely resolved, so the concentration represented by the peak

identically to the test tank, but no PAHs were added. The exposurgomplex was equally divided before use in EQ calculations.
study lasted one month, during which groups of five oysters were

collected from each aquarium during the 3rd, 7th, 15th, and 30th day.
The reported concentrations correspond to a single determination %esults
five pooled bivalves.

Curves for induction of EROD activity by TCDD and two
Chemical Extraction and Analysis representative PAHs are illustrated in Figure 2. The curve for

TCDD had a Gaussian distribution and ansg6f 1.1 x 1010
The analytical procedure for the extraction and fractionation of theM. BKF was the most potent PAH with the lowest &@hile
PAHSs in the oyster tissues was based on a previously reported methdzenz(a)anthracene (BA) was the weakest inducer of EROD
(Wadeet al. 1993). Each batch of samples (8-10) was accompanied bctivity of the seven PAHs tested (Table 2). A logistic fit was
the appropriate QA/QC samples including a minimum of a proceduralised for the BA and chrysene curves because the highest
blank, laboratory spiked blank, and/or reference material that werg.qgncentrations did not cause a decrease in EROD activity. Al
carriec_i throughout the entire analytical procedure. Before extractionthe PAH curves show maximal induction of EROD activities
PAH internal standards d¢-naphthalene,dy-phenanthrene d- comparable to that observed for TCDD. However, the overall

acenaphthened,,-chrysene, andd,,-perylene) were added to all . .
samples, blanks, and spiked blanks or reference samples. ApproxfZrder of induction potency based on the gXCof the EROD

mately 15 g of wet tissue were used for the analysis. After the additiofnduction curves was BkE- BbF > DBA > IdP > BaP>

of 50 g of anhydrous sodium sulfate, the tissue was extracted>hr > BA (Table 2). Due to their higher affinity for the Ah
sequentially with three 100-ml portions of methylene chloride using areceptor than PAHs of lower molecular weight (Piskorska-
homogenizer. The extracts were concentrated to 2-ml hexane anBliszczynskeet al. 1986), it was hypothesized that these seven
separated into two fractions using alumina/silica gel chromatographyPAHs would account for the majority of the EROD induction
The first fraction containing aliphatic hydrocarbons was eluted usingactivity in extracts containing complex mixtures of PAHSs.

45 ml of pentane and discarded. The PAH-containing fraction was then T4 test the ability of the bioassay to predict the chemically
collected by eluting the column with 200 mi of a 1:1 mixture of -gi0yjated EQs, dilutions of the reconstituted PAH mixture
pentane:methylene chloride. Further purification of the tissue extract: able 1) to produce concentrations that were within the range

was performed by size exclusion chromatography on a Sephade . . . . .
LH-20 column (Ramos and Prohaska 1981). PAHs were quantitativel;?f concentrations found in oysters in the environmest, (700

determined by GC/MSD in selected ion monitoring (SIM) mode using©© 4500 ng/g total PAHs dry weight) (Sericano 1993) were
the molecular ions and at least one confirmation ion for the componentdnalyzed in the H4IIE bioassay. Bioassay EQs ranged from
of interest (Wadet al. 1993). A 30-m DB-5 capillary column (0.32mm 0.521 to 1.443 ng/g. The chemically-calculated EQs ranged
i.d., 0.052-m film thickness) was temperature programmed from 40 tdrom 0.306 to 1.837 ng/g dry weight. There was a good
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1400 explained by the sum of the seven calculated EQs. When EQs
® TCDD are compared for PAH-exposed oysters, the ratio for bioassay to
1200 - A BKkF chemically calculated EQs ranged from 0.5 to 4.1 (Figure 4).
& BA However in the oysters exposed to the PAH mixture for 30 days,
1000 - the seven PAHs in the EQ calculations co_nstituted 58% of the
total PAHs in the oyster extracts, and the bioassay EQ was only
.’g 800 1.7-fold higher than the chemically calculated EQ for PAHs in
> 7] these oysters. The higher bioassay EQs indicate that there may
£ be other active inducers present in the oyster extracts that have
o . .
g 600 not been assigned EFs and/or are not detected by conventional
o chemical analysis.
O 400
i
200 - Discussion
04 PAHSs derived from both combustion and petroleum sources are
widespread environmental contaminants. High concentrations
of PAHs have been reported in sediments or extracts of marine

‘ ' ! ' ' ' I ' ‘ invertebrates which have a low capacity for PAH metabolism

107141072 1072 10" 1070 10° 10° 107 10° 10° 10*  znd excretion (Livingstone 1985). PAH concentrations in

Concentration (M) oysters collected from Galveston Bay have been reported as
high as 3,100 ng/g (Jacksenal. 1994) to 4,466 ng/g (Sericano

Fig. 2. Representative EROD induction curves for TCDD, 1993). PAHs can influence an induction bioassay if they are not
benzoK)fluoranthene (BkF), and benzanthracene (BA). EROD activi- o moved from an environmental extract (typically by acid

ties in the treated H4IIE rat hepatoma cells and the curve ﬁmngtreatment) For example. an induction bioassay for HAHs in a
procedure were as described in the Materials and Methods section ) pI€, y

mixture that also contains PAHs will overestimate the HAH
contribution to the TEQ and, therefore, it is important to

Table 2. Selected PAH Equivalency Factors consider the presence of both classes of chemicals when
- analyzing environmental samples for risk assessment purposes.
ECso (M) Induction EF - gtrycture activity studies of HAHs have indicated that there is a
BA 4 X 10°6a 0.000025 good correlation between structure-induction (EROD activity)
Chr 5 X107a 0.00020 and structure-toxicity relationships for these compounds (Safe
BaP 3 x107 0.000354 et al. 1989). In this study the order of induction potency for the
ldP 1 x107 0.00110 individual PAHs was BkF> BbF > DBA > IdP > BaP >
DBA 5 x10°% 0.00203 Chr > BA and this was not correlated with their carcinogenic
SEE g iigz 8-88232 potency. Nisbet and LaGoy (1992) have proposed a set of
TCDD 11x 1010 1 genotoxic equivalency factors for the PAHs basedironivo

carcinogenicity data. DBA was the most carcinogenic com-
aDerived using a logistic function pound, followed by BAP, while BA, BbF, BkF, and IdP had
equivalent TEFs followed by Chr. The lack of correlation
between genotoxicities and induction potencies is not surpris-
correlation between the calculated and the bioassay inductioimg due to their different mechanisms of action.
EQs for this mixture (Figure 3). The seven PAHs used to BkF was the most potent inducer of EROD activity with an
calculate the chemical EQs constituted 27% by weight of thenduction EF that is 0.005 relative to TCDD. Clean oysters at
total mixture, while the chemical EQs from these seven PAHghe beginning of the exposure study had only 2 ng/g-BkF or
accounted for 41 to 128% of the bioassay EQs for this mixture0.6% of the total PAHs. After a 30-day exposure to the
The agreement among the EQs for the mixture indicates thakeconstituted PAH mixture containing 3.74% BKF, concentra-
these seven PAHs are responsible for most of the inductiotions of this compound in oysters were 372 ng/g BkF or 13% of
potency of the mixture. the total PAHs. The preferential bioconcentration of the higher
The concentration of total PAHs in the exposed oystersmolecular weight PAHs was observed for all seven of the PAHs
ranged from 289 ng/g in the control day O to 2970 ng/g afterreported in this study. While these seven PAHs (BkF, BbF,
exposure to the PAH mixture for 30 days (Table 3). TheDBA, IdP, BaP, Chr, BA) comprised 27% of the PAH mixture,
corresponding bioassay EQs and chemically calculated EQ#hey made up 58% of the total PAHs in extracts from the
ranged from 0.6 ng/g to 5.8 ng/g and 0.03 ng/g to 3.1 ng/gexposed oysters. Bioaccumulation of high molecular weight
respectively. Comparison of the bioassay and calculated EQBAHSs has also been reported in oysters transplanted from clean
for extracts from PAH-exposed oysters is illustrated in Figure 4to contaminated sites in Galveston Bay, Texas, and Dorchester
The EQs derived using the control oysters were considerednd Duxbury Bays in Massachusetts (Sericano 1993; Petven
background and subtracted in order to obtain the net inductioal. 1996).
effects resulting from PAH exposure. In order to compare bioassay and chemically calculated
The seven PAHSs constituted an increasing proportion of th@ EQs, the reconstituted PAH mixture was diluted to 5 concen-
total PAH concentration in the oysters over time (Tables 3 andrations ranging from 744 ng/g to 4466 ng/g total PAHs. There
4), and this is reflected in the proportion of the bioassay EQwvas less than a twofold difference between the bioassay and
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V7772 EQ Bioassay
[__1 EQ Calculated
2 4
D
2
0
1 |
0 ! ' ' Fig. 3. Bioassay-derived and chemically
0 2000 3000 4000 5000 calculated induction equivalents (ng/g dry
weight) of the reconstituted PAH mixture
Total PAHs (ng/g) in H4IIE rat hepatoma cell bioassay
Table 3. Uptake of PAH mixture by oysters over 30 ddys bioassay EQs values. EFs for individual PAHs were determined
Day0 Day3 Day7 Dayl7 Day30 fromtheir EGovalueswhereasacomparison of their potencies
- at lower dosesif., EC,g) may be more relevant particularly
Compound ng/g dry weight when samples exhibit relatively weak induction activity. More-
2-ring PAHs 96 274 229 157 107  over, it is impossible to identify all of the compounds in an
3-ring PAHs 112 353 353 308 336  environmental sample, and therefore an unidentified compound
Fluoranthene 11 84 91 76 144 || increase bioassay EQs compared to calculated EQs.
Pyrene 16 86 82 88 83 |nteractions between inactive and active inducers or among
Perylene 3 9 12 22 47 o . .
Benzo(g,h,)perylene 7 36 27 65 144 actlv_e inducers _of P450-dependent ac_t|V|t|es can also contribute
Benzo(e)pyrene 4 104 92 154 430 to differences in EQs. The underlying premise for the EQ
Benz(a)anthracene 8 85 67 154 305 approach assumes strict additivity among inducers and this may
Chrysene 8 52 55 112 286  not always be the case. However, the results obtained in this
Benzo(a)pyrene 6 29 16 35 97  study using a defined PAH mixture (Figure 3), or extracts from
Indeno(1,2,3-c,d)pyrene 10 73 47 102 200 pAH exposed oysters (Figure 4), show that the bioassay and
Dibenz(a,h)anthracene 3 19 10 26 45 calculated EQs differed by less than fivefold when only seven
Benzo(b)fluoranthene 2 92 7 150872 pA induction EFs were used for the calculated EQs. This
Benzo(k)fluoranthene 2 92 77 150 372 . e
Total PAHs (ng/g) 289 1387 1234 1600 2967 result also suggested that the seven AhR agonists additively

accounted for most of the induction caused by PAHSs in both the
2Data from Sericano (1993) reconstituted mixture and oyster samples.

In conclusion, induction EFs have been reported for the first
time in the H4IIE bioassay for a series of PAHs that typically

chemically calculated EQs for this PAH mixture over this range®Ccur ir? environmental samples and hence influence induction
of concentrations (Figure 3). The good agreement between theQ estimates for these samples. Several PAHs were potent
two methods indicates that the seven PAHs for which EFs havéducers of EROD activity and there was a good concordance
been derived represent most of the induction potency of th&etween bioassay and chemically calculated EQs for both the
reconstituted mixture. Using oyster extracts, bioassay an#econstituted PAH mixture and extracts from oysters exposed to
chemically calculated EQs differed by less than 4.1-fold. Afterthis mixture. Therefore, the H4IIE bioassay is generally addi-
exposure to the PAH mixture for 30 days, the oyster extractdive in response to samples containing only PAHs. Some
contained higher concentrations of the more active PAHs thahioassays using HAHs have suggested more complicated
at the earlier time-points, and the difference in the bioassay anihteractions than simple additivity (Zacharewsdi al. 1989;

the calculated EQs was only 1.7-fold. There may be severakennedyet al. 1996; Schmitet al. 1996; Williamset al. 1995).
reasons for the differences between calculated versus theuture research will investigate how the bioassay and chemical
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Table 4. Uptake of PAH mixture by oysters over 30 days equivalency factors for dioxin-like PCBs. Chemosphere 28:1049—
1067
Day0 Day3 Day7 Dayl7 Day30 Bradford MM (1976) A rapid and sensitive method for the quatitation
Compound Percent of Total PAHs of microgram quantities of protein utilizing the principle of
- protein-dye binding. Anal Biochem 72:248-254
2-r!ng PAHS 33 20 19 10 4 Brunstrom B, Broman D, Naf C (1991) Toxicity and EROD-inducing
3-ring PAHs 39 25 29 19 11 potency of 24 polycyclic aromatic hydrocarbons (PAHSs) in chick
Fluoranthene 4 6 7 5 5 embryos. Arch Toxicol 65:485-489
Pyrene 6 6 7 6 3 Jackson TJ, Wade TL, McDonald TJ, Wilkinson DL, and Brooks
Peryleneh. | 1 06 1 1 2 JM.(1994) Polynuclear aromatic hydrocarbon contaminants in
Benzo(g,h.i)perylene 2 3 2 4 > oysters from the Gulf of Mexico (1986-1990) Environ Pollut
Benzo(e)pyrene 8 8 10 14 83:291-298
Benz(a)anthracene 3 6 ° 10 10 Kennedy SW and Jones SP (1994) Simultaneous measurement of
Chrysene 3 4 4 7 10 cytochrome P450 1A catalytic activity and total protein concentra-
Benzo(a)pyrene 2 2 1 2 3 tion with a fluorescence plate reader. Anal Biochem 222:217-223
In_den0(1,2,3-c,d)pyrene 3 ° 4 6 7 Kennedy SW, Lorenzen A, James CA, Collins BT (1993)
D|benz(bahh)anthrﬁcene 1 1 08 2 2 Ethoxyresorufin-O-deethylase and porphyrin analysis in chicken
Benzo(b)fluoranthene 06 7 6 9 13 embryo hepatocyte cultures with a fluorescence multiwell plate
Benzo(k)fluoranthene 0.6 7 6 9 13 reader. Anal Biochem 211:102-112
aData recalculated from Sericano (1993) Kennedy SW, Lorenzen A, Norstrom RJ (1996) Chicken embryo

hepatocyte bioassay for measuring cytochrome P450 1A-based
2,3,7,8-tetrachlorodibenzo-p-dioxin equivalent concentrations in
environmental samples. Environ Sci Technol 30:706—715
EQs correlate in oysters environmentally exposed to both.ivingstone DR (1985) Responses of the detoxication/toxication
HAHs and PAHSs using a more sensitive and automated assay €nzyme systems of molluscs to organic pollutants and xenobiotics.
procedure in which EROD activity and protein determinations  Mar Pollut Bull 16:158-164 _
can be done simultaneously (Kennedy and Jones 1994) using'\éa‘:hala M, Matlova L, Svoboda I, Nezveda K (1996) Induction effects

Cviofluor 2350 fluorescence plate reader of polychlorinated biphenyls, polycyclic aromatic hydrocarbons
y P ' and other widespread aromatic environmental pollutants on micro-

somal monooxygenase activities in chick embryo liver Arch
Toxicol 70:362-367
References Nisbet ICT, LaGoy PK (1992) Toxic equivalency factors (TEFs) for
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448 K. L. Willett et al

uptake in Dorchester and Duxbury Bays, Massachusetts. Envirofillitt DE, Giesy JP, Ankley GT (1991) Characterization of the H4IIE

Toxicol Chem 15:144-149 rat hepatoma cell bioassay as a tool for assessing toxic potency of
Piskorska-Pliszczynska J, Keys B, Safe S, Newman MS (1986) The planar halogenated hydrocarbons in environmental samples. Envi-

cytosolic receptor binding affinities and AHH induction potencies ron Sci Technol 25:87-92

of 29 polynuclear aromatic hydrocarbons. Toxicol Lett 34:67—74 Tysklind M, Tillitt D, Ericksson L, Lundgren K, Rappe C (1994) A
Pohl RJ, Fouts JR (1980) A rapid method for assaying the metabolism  toxic equivalency factor scale for polychlorinated dibenzofurans.

of 7-ethoxyresorufin by microsomal subcellular fractions. Anal  Fund Appl Toxicol 22:277-285

Biochem 107:150—155 Van der Weiden ME, Hanegraaf FHM, Eggens ML, Celander M,
Ramos L, Prohaska PG (1981) Sephadex LH-20 chromatography of ~Seinen W, Van den Berg M (1994) Temporal induction of

extracts of marine sediments and biological samples for the —CcYtochrome P450 1A in the mirror caf@yprinus carpio)after

- : - dministration of several polycyclic aromatic hydrocarbons. Envi-
isolation of polynuclear aromatic hydrocarbons. J Chramtogr a 8
orioen T y 9" ron Toxicol Chem 12:797-802

. . Wade T, Brooks J, Kennicutt MC, McDonald T, Sericano J, Jackson T
Safe S, Mason G, Sawyer T, Zacharewski T, Harris M, Yao C, Keys B, (1993) GERG trace organics contaminant analytical techniques.

Earrerlll KB H[?Icomb M, '\Dﬂi”SHD’tS_afe L’g'SI_FErSKa'T_:ls?é{tr_ISKEJ’ Sampling and Analytical Methods of the National Status and
eech b, Lenomme - nutzinger &, Thoma H, LAtim B, Trends Program, National Benthic Surveillance and Mussel Watch
Madge J (1989) Development and validation of in vitro induction Projects, 1984-1992, Volume IV, NOS ORCA 71 Rockville, MD
assays for toxic halogenated aromatic mixtures. Toxicol Industriakyitiock JP (1990) Genetic and molecular aspects of '2378-
Health 5:757-775 _ _ tetrachlorodibenz@-dioxin action. Annu Rev Pharmacol Toxicol
Schmitz H, Behnisch P, Hagenmaier A, Hagenmaier H, Bock KW,  309.951_277
Schrenk D (1996) CYP1Al-inducing potency in HAIIE cells and \jjiams LL, Giesy JP, Verbrugge DA, Jurzysta S, Stromborg K (1995)
chemical composition of technical mixtures of polychlorinated Polychlorinated biphenyls and 2,3,7,8-tetrachlorodibepzo-
biphenyls. Environ Toxicol Pharmacol 1:73-79 dioxin equivalents in eggs of double-crested cormorants from a
Schmitz H, Hagenmaier A, Hagenmaier H, Bock KW, Schrenk D colony near Green Bay, Wisconsin, USA. Arch Environ Contam
(1995) Potency of mixtures of polychlorinated biphenyls as Toxicol 29:327-333
inducers of dioxin receptor-regulated CYP1A activity in rat zacharewski T, Safe L, Safe S, Chittim B, DeVault D, Wiberg K,
hepatocytes and H4IIE cells. Toxicol 99:47-54 Bergqvist P, Rappe C (1989) Comparative analysis of polychlori-
Sericano JL (1993) The American Oyst@rréssostrea virginicpas a nated dibenz@-dioxin and dibenzofuran congeners in Great Lakes fish
bioindicator of trace organic contamination Ph.D. Dissertation extracts by gas chromatography-mass spectrometry and in vitro enzyme
Texas A&M University induction activities. Environ Sci Technol 23:730-735



