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1. Introduction 
Toxic equivalency factors (TEFs) are a potential tool for assessing the environmental risk ot polychlorinated 

biphenyls (PCBs)̂ ). PCBs belong to the halogenated aromatic group of environmental contaminants of which 209 
exist'). Like polychlorinated dibenzo-p-dloxins (PCDDs) and polychlorinated dibenzofurans (PCDFs), many PCBs 
exert their toxic effects through the Ah (Aromatic hydrocartxin) receptor. This common mechanism supports the 
TEF approach, which has been used to assess the risk of PCDDs and PCDFs'). A TEF is the fractional potency of 
a compound relative to a standard toxin, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The TEFs are used to convert 
analytical data for mixtures of PCDD, PCDF and PCBs into TCDD toxic equivalents (TEQs). Concentrations of 
individual compounds in a complex mixture, such as in environmental samples, are multiplied by their TEFs and the 
results summed to give a single TEQ. 

A-variety of Ah-mediated endpoints have been measured in vivo and in vitro to derive TEFs for mammals. Some in 
vivo responses have been tumour-promoting activity )̂, immunotoxicity and teratogenicity )̂. The most common in 
vitro response has been the increased expression of the CYP1A1 gene. The result is enhanced levels or induction 
of the cytochrome P450 protein P4501A1'') which is assayed as aryl hydrxartxjn hydroxylase (AHH) or 7-
ethoxyresorufin O-deethylase (EROD). This was first done, and continues to be done, with the rat hepatoma cell 
line, H4IIE5). The in vitro method provides a rapid, inexpensive way of screening large numbers of compounds and 
fulfills a sxietal desire to reduce the use of animals in research. 
Among the PCBs, the non-ortho coplanar PCBs are thought to exert their actions through the Ah receptor'). The 

non-ortho coplanar PCBs are substituted in both para, at least two meta, and no ortho positions. Their most toxic 
members in mammals are 3,3',4,4'-tetraCB {77], 3,4,4',5-tetraCB (81) 3,3',4,4',5-penfaCB (126) and 3,3',4,4',5,5'-
hexaCB (169). These congeners competitively bind with relatively high affinity to the Ah receptor and induce 
CYP1A1 gene expression. 
Although TEFs are being used for aquatic environmental risk assessment*)')̂ )̂ ), questions about the applicability of 

TEFs derived in mammalian systems to this purpose have resulted in research on the derivation of TEFs in piscine 
systems. Eariy life stage mortality in rainbow trout'") and lake trout"), embryotoxicity in medaka'̂ ), and AHH or 
EROD induction in rainbow traut'̂ )'̂ ) are in vivo responses that have been used to develop piscine TEFs. The in 
vitro response has been the induction of EROD activity in cell lines from topminnow hepatoma (PLHC-1)'<)'5)and 
from rainbow trout liver'̂ ). For some congeners of dioxins and furans, TEFs derived with the trout RTL-W1 were 
significantly higher that those derived with the rat H4IIE'6). 
A limited amount of research intimates that the derivation of TEFs for PCBs could be more dependent on the 

species than is the case for other polyaramatic halogenated hydrocartx)ns").ln this report we have investigated this 
directly by comparing the ability of three non-ortho coplanar PCBs to induce EROD activity in the rat cell line, H4IIE, 
and in the trout cell line, RTL-W1, and to use this information to derive TEFs. 

2. Methods 
Cells were maintained as per Lee et al.'̂ ) for RTL-W1 and as per Clemens et al.") for H4IIE. EROD activity was 
measured in both RTL-W1 and H4IIE cell lines using a similar method as Kennedy et al.'̂ ) For 2,3,7,8-
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tetrachlorodibenzo-p-dioxin and 3 PCBs: 3,3',4,4'-tetrachlorobiphenyl (77), 3,4,4',5-letrachlorobiphenyl (81), and 
3,3',4,4',5-pentachlorobiphenyl (126). 48-well plates were seeded with the cells at high density and exposed to 
TCDD or the PCB congener at a 0.5% DMSO carrier solvent concentration. After a fixed incubation period the cells 
are assayed for EROD activity. All reagents for H4IIE are kept at 37°C while RTL-W1 assays were mn at room 
temperature (approx. 22°C). Protein analysis follows as per Lorenzen and Kennedy^"). EROD activity is expressed 
in pmol resorufinmg protein'min-' (pmolmgP'min-'). To detennine whether time of incubation influenced results 
for PCB 77 with either cell line, time trials were run with TCDD and PCB 77 over time periods of 6,12,24,48, 36, 
48,60, and 72 h. EROD assays were perfomied on RTL-W1 and H4IIE concurrently as described in Clemens et 
al.2'). 

3. Results 
3.1 EROD induction and TEF derivation 
With standard exposure times of 24 to 48 h, the non-ortho-coplanar PCBs inducer EROD activity and yielded 

sigmoldal dose-response curves in H4IIE and RTL-W1 (Fig 1 A&B). As a percentage of the maximum activity 
achieved with TCDD, the maximum activity for the PCBs varied and was in the 60-90% range for H4IIE and in the 
50-75% range for RTL-W1. The shapes of the dose-response curves were similar for the three PCBs and TCDD in 
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Figure 1. Representative dose-nesponse curves for H4IIE (A) and RTL-W1 (B) illustrating the potency of the non-ortho-
coplanar PCB congeners. EROD activity is expressed as a percent of the TCDD maximum EROD activity (TCDD ERODm»). 
H4IIE TCDD EROD™ ranges between 250-600 pmolmgP'min'. while RTL-W1 TCDD ERODmax Is between 80 and 150 
pmolmgP'min-'. 

both H4IIE and RTL-W1 (Fig 2A&B). The PCBs were ranked for their relative induction potency by calculating their 
EC50s (Table 1) and comparing TEFs (Table 2). For both cell lines PCB 126 was the most potent: PCB77, the 
least. 
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Figure 2. Representative dose-response curves for H4IIE (A) and RTL-W1 (B) illustrating the potency of the non-ortho 
coplanar PCB congeners. EROD activity is expressed as a percent of the maximum EROD Ktivity for each individual 
congener (ERODmax). The stiape of ttie curves are similar for all the congeners with both H4IIE and RTL-W1. 
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3.2. Effect of PCB 77 exposure time on EROD induction and TEF derivation 
Exposure of H4IIE and RTL-W1 to either TCDD or PCB 77 was varied from 6 to 72 h and the effect on EROD 

induction was examined by comparing two parameters of the dose-response curves: the maximum activity and the 
EC50. The maximum EROD activity was achieved at the 36 h time point after which the maximum declined slightly. 
The EC50 values for the TCDD dose-response curve changed little over the 72 h time period for both H4IIE (Rg. 3) 
and RTL-W1. In contrast to TCDD, the dose-response curves or PCB 77 in H4IIE changed as the exposure time 
was extended. Five of the seven doses were at maximum at 6 h, but only three of the highest doses were at 
maximum at 72 h. The EC50 values for PCB 77 in H4IIE increased significantly measured at 6 h. In contrast to 
H4IIE, the dose-response curves for PCB 77 in RTL-W1 changed insignificantly over 72 hours. In preliminary 
experiments with the other PCBs, little change was observed in the dose response curve as the exposure times 
were extended in H4IIE and in RTL-W1. 
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Figure 3. Representative dose-response curves illustrating the EROD activity as a percent of maximum activity for each 
congener at the specified time period (% of EROD „ ) for H4IIE. TCDD (A) and PCB 77 (B) were exposed to the cells for 5 
different time periods (6,12,24,48,72 h). The shape of the curves are similar for TCDD but differ significantly with time for 
PCB 77. 

Table 1. Effective concentrations at 50% response (EC50s) values for selected polychlorinated biphenyls derived for RTL-W1 
and H4IIE cell lines. Average EC50s are listed akmg with their standard deviations and number of assays from which the 
average was obtained. 

(Congener 

2,3,7,8-tetraCDD (TCDD) 

non-ortho PCBs 

3,3',4,4'-tetraCB (77) 

3,4,4',5-tetraCB(81) 

3,3',4,4',5-pentaCB(126) 

n 

15 

13 

3 

RTL-m 

EC50(S.D.) 

0.98(0.42) 

317.99(85.84) 

196.83(42.47) 

36.64(2.77) 

n 

24 

10 

20 

Ĥ m 

TEF (S.D.) 

1.38(0.62) 

1705.04(763.70) 

256.94 (196.24) 

16.05(6.625) 

4. Discussion 
The potencies of PCBs 77 and 126 for inducing EROD activity in H4IIE relative to 2,3,7,8-TCDD were similar to an 

eariier study by Sawyer and Safe^^i on EROD induction in the same rat hepatoma cell line and with similar PCB 
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Table 2. Toxic equivalent factors (TEFs) for selected polychlorinated biphenyls derived for the RTL-W1 and H4IIE cell lines. 
Average TEFs are listed along with their standard deviations and number of assays from which the average was obtained. 

Congener 

2,3,7,8-telraCDD(TCDD) 

non-ortho PCBs 

3,3'4,4'-tetraCB (77) 

34,4',5-tetraCB(81) 

3,3',4,4',5-penlaCB(126) 

n 

15 

13 

3 

RTL-W1 

TEF (S.D.) 

1.0 

0.0034(0.0018) 

0.0064 (0.0018) 

0.023 (0.0046) 

n 

24 

10 

20 

HdllE 

TEF (S.D.) 

1.0 

0.00079 (0.00030) 

0.0072 (0.0028) 

0.10(0.045) 

exposure times, but a third PCB (81) was quite different. The TEFs for PCBs 77 and 126 were 0.0091 and 0.323 
respectively in the eariier study and 0.00079 and 0.100 in the cun-ent study. On the other hand, PCB 81 had a TEF 
of 0.0072, which was approximately 170 fold higher than in the previous study. This TEF puts PCB 81 in the same 
potency range as the other non-ortho-coplanar PCBs, but is higher than the l-TEF for this congener, which is listed 
sometimes as 0.0018) 
(Generally, little data is available tor this PCB^^) Although PCB 81 is worthy of further examinalion, the reassuring 
point is that the TEFs derived in the cun-ent study for PCBs 77 and 126 fall within the potency ranges for these 
congeners, which were defined by the results from in vivo and in vitro assays')"', and are very similar to TEFs 
derived over a decade eariier by Sawyer and Safe^ )̂ who grew the H4IIE in a slightly different medium and used 
different instrumentation for measuring EROD activity. 

When PCB exposure time was varied, only the TEF for PCB 77 changed with exposure time and only in H4IIE. 
The highest TEF was observed after a 12 h exposure, and the TEF declined as exposure to PCB 77 was extended 
up to 72 h which agrees with a previous study by Yu et al.^''). One possible cause of this problem is differential 
metabolism of this congener among the PCBs and between rats and rainbow trout. Of the toxic non-ortho- coplanar 
and mono-ortho-coplanar congeners, PCB 77 is the one most readily metabolized in mammals'). Pertiaps, PCB 77 
metabolism is less active or absent in fish. Metabolism could make H4IIE cells less sensitive to induction by 
reducing the concentration of the inducer or producing metabolites that interfere with induction's) or with enzyme 
activity. This raises Ihe question of which H4IIE TEF to choose for PCB 77. The TEF derived under the optimal 
induction conditions would seem most appropriate, in which case the H4IIE TEF for PCB 77 is more in the range of 
RTL-W1at0.00485±0.0021. 

In comparison to the TEFs derived in this study with the rat H4IIE, the TEFs derived with the rainbow trout liver 
cell line (RTL-W1) were lower for PCBs 81 and 126 and possibly lower for PCB 77. The greatest difference was 
with PCB 126, which was approximately 4 fold lower in RTL-W1. For PCB 77, the RTL-Wl TEF was lower than the 
TEF derived from the optimal exposure time (12 h) to H4IIE but not to those TEFs derived from 48-72h exposures. 
If only the shori exposure TEF is considered, the higher TEFs with H4IIE cells suggests that these cells are more 
sensitive than the RTL-W1 to the three non-ortho coplanar PCBs. This is in contrast to our previous study in which 
RTL-W1 was more sensitive than H4IIE to 6 dioxins and furans'^). 

The relative ability of the PCBs to induce EROD in RTL-W1 was similar to their activity upon injection into fish. In 
rainbow trout, PCB 77K)nm27), SI' '), and 126'3)26) induced either AHH. EROD or CYP1A1 protein. PCBs 77 and 
126 also have been reported to induce EROD activity in carp's). The TEFs derived with RTL-W1 compare favorably 
to TEFs derived by rainbow trout embryotoxicity'")") and by AHH induction in rainbow trout'^i'^). The TEFs derived 
with EROD induction in RTL-W1, AHH induction in whole rainbow trout, and toxicity in trout embryos were 
respectively 0.0034, 0.002, and 0.002 for PCB 77. Similariy tor PCB 81 the three techniques yield TEFs of 0,0054, 
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0.004 and 0.006 for PCB 81 and 0.023,0.005, and 0.005 for PCB 126. These values are surprisingly close to one 
another when the range of TEF values deri-.'ed by different endpoints in mammals are considered'). 

A trend that emerges from the above studies is that rainbow trout are less responsive to the non-ortho coplanar 
PCBs than mammals, and mammalian derived TEFs probably overestimate the potency of these compounds to this 
species. This problem is most extreme if the l-TEFs are used. l-TEFs are approximately 10 fold higher than the 
TEFs derived with rainbow trout. On the other hand, H4IIE TEFs were relatively close to the RTL-W1 TEFs, with the 
exception of PCB 81. The ability of RTL-W1 to detect the active PCBs in fish should make this ceil line a useful 
complement to H4IIE in screening environmental samples for halogenated aromatic contaminants. The greater 
sensitivity of RTL-W1 for dioxins and furans complements the greater sensitivity of H4IIE for PCBs. 
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