
QUAL (po) 

A Bioassay (EROD-Assay) for Measuring TCDD Equivalents (TEQ) in En­
vironmental Samples: Comparison to a Microassay and to Chemical 
Analysis. 

Hofmaier. A.M.'. Nerdinger. P.^ Schwirzer, S.M.G.", Wegenke M.^ Wiebel, F.J.^ 
Schramm, K.-W.' 

GSF-Forschungszenlrum fiir Umwelt und Gesundheit 
'institut fiir Okologische Chemie 
'In.stilul fiir Toxikologie 
Ingolstadter Land.sir. 1. D-85764 OberschleiBheim, FRG 
'Bayeri.sches Landesamt tur Umweltschutz 
Ro.senkavalierplatz 3 . D-81925 Munchen. FRG 

Introduction 

Polyhalogenated aromatic hydrocarbons (HAH), .such a,s polychlorinated dibenzo-/7-dii)xins 
(PCDD), dibenzofurans (PCDF) and biphenyls (PCB) are industrial compounds ur by-products 
that are widespread in the environment. Li addition, diey are releu.sed from incomplete com-
bu.stion prnces.ses (e.g. in fly ash). Becau.se of their highly liphophilic character and their re.si.s-
lance lo metabolism and to chemical degradation, Uiey accumulate in the food chain and may 
elicit toxic effects. In in vivo .studies, effecis include demial toxicity, hepaloKixicily, teralo-
genesi.s, immunotoxicity and tumor promotion ". 

The mo.st toxic compound is 2,3,7,8-TCDD. Based on ('/; vivo and in vitro .studies, relative 
toxicities for olher substances have been determined relative lo TCDD ''. The total toxic 
equivalent (TEQ) is defined as the .sum of the producis of the concentrations of individual iso­
mers and congeners of PCB, PCDD and PCDF, and their toxic equivalency factors (TEF) ''. 
Up to now gas chromatography combined with ma.ss spectrometry hus been the standard 
metiiod for quanlilaling HAH. When a large number of environmenlal samples is to be ana­
lyzed, however, the.se techniques are loo expen.sive and time consuming. Moreover, routine 
chemical analy.sis con.siders only 17 chlorinated PCDD/F. Similar toxic compounds like fluori­
nated, brominated and mixed halogenated PCDD/F, as well as other polyhalogenated com­
pounds .such us, azo- und uzoxy-compounds, biphenylethers, naplitalines, sulphur-unuUigue 
dioxins and alkyluted dibenzofurans are not laken into account. Becau.sc of the.se deficits a 
quick and co.st effective alternative wa.s developed. The aim was lo oblain TCDD-TEQ that 
integrate the biological effects of complex mixtures of PCB. PCDD, PCDF and other HAH ''. 
Con.sidering the.se facts u bioassuy hus been developed, u.sing rat heputoma H411E cells. Tliis 
syslem is .sensitive to cylochrorae P4501A (CYPIA) induction, un Ah-receptor-mediated re-
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sponse thai is associaled with many of the bitxhemical and toxic effects of PCB, PCDD and 

PCDF '̂. 

The loxic potencies of HAH congeners in rats correlate quite well with llieir abilities to induce 

CYPI A cutalytic activity in rat hepatoma H411E cells "'. 

In order to reduce the cost and time in screening a great number of envirtininental samples, we 

attempted to iinpleiiienl a sensitive assay developed by Donalo et al.'"' for me;isuring cyto­

chrome P4501A activities in intact rat hepatocytes. Since this a.ssay does not desu'oy the hepa­

tocytes, it provides the possibility of either peifonning repeated assays in the .same monolayer, 

or using the intact cells for investigations of cytotoxic effects. 

Several matrices were examined with both EROD- and Micro-EROD-assays in order to de­

temiine whether sufficient conelation exi.sts between the two .screening methods and thus to 

establish the microassay as a possible allemauve. 

Methods 

Test materials: The fly ash and the ti.ssue filter dust samples were collected at a municipal 

wasle incineration plant. Tlie sludge s;miples were collected at a .sewage sludge plant in north­

em Bavaria, FRG. 

Sample preparation and extraction: 5-10 s aliquots were Soxhlet extracted using toluene 

for 24 hours. For cheniical analysis, the samples were spiked prior to extiaction (isotope di­

lution method) widi a slandard containing seventeen '"Ci:-labelled PCDD/F. 

Determination of PCDD/F and PCB TEQ by cheniical analysis: Cleanup and quantifica­

tion were done a.s described el.';ewhere '' using capillary HRGC/HRMS. Tlie i\1S-iiieasuiemeiit 

was conducted under high resolution using a Finnigan MAT 95 (R= 10000) insuiinient for iso­

mer specific measurement. 

Cleanup procedure for the EROD- as well as for lhe Micro-EROD-assay: Conceiiuated 
crude exU'act was applied to a column filled witli n-hexane from bottom to lop with 10 g .silica, 
20 g silica (44 % cone, sulfuric acid w/w), 40 g silica {47c water w/w). The column was 
topped with Na:S04. Active silica mesh 63-200 pm was u.sed. Samples were eluted with 
870 ml n-hexane and the eluate was reduced by evaporation (550 mbar, 343 K) to 2-3 ml. The 
extract was tran.sferred stepwi.se into a vial and evaporated lo dryness under a stream of nitro­
gen. Then the samples were redissolved in 500 pl of DMSO:isopropaiiol (4:1 v/v). 

Cell culture and EROD/iMicro-EROD-assay: H411E/T cells were routinely grown in Dul-
becco's Minimum Eagles Medium with 5% calf semm "K For the EROD-assay they were 
seeded at a density of 1 x 10V50nini cuiture dish. After attaining a density of about 70 % cells 
were exposed to the environmental satnples (5pl per 1 ml medium) or stand;irds of 2,3,7,8-
TCDD. After 72 h of exposuie cells were har\'ested and CYPIA activity was deteimined by 
the method of Pohl and Fouts ". For the Micro-EROD-as.say cells were .seeded at a density of 
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1 X lOVwell in a 96-well plate. CYPIA activity was measured after a 72 h exposure using a 

method of Donato et al.'''. 

Results and Discussion 

Table 1. 2 and 3 compare the TEQs derived from EROD-assay and from cheniical .inalysis of 

ten samples to the values obtained from Micro-EROD-assay. Tlie biological TEQs from all 

satnples were .significiuitiy higher than those obtained by chemical analysis. This difference is 

due to the fact that the result of the bioassay includes the biological response to compounds 

like polyhalogenated azo- and azoxy-compounds, biphenylethers, naphthalines, sulphur-ana­

logue dioxins and alkylated dibenzofuranes which also bind to the Ah-receptor and thereby 

induce cytochrome P4501A, whiie those substances are not detected routinely by cheniical 

analysis. .Moreover, TEF values for such compounds have been unknown up to now. 

Table 1: TEQs of one fire residue and two fly ash samples : comparison of EROD-assay 
results with those of Micro-EROD-assay and cheniical analysis 

EROD-assay Micro-EROD-assay chemical analysis 

fire residue 981 ± 5 " 1067 147" SSO' 

fly ash 1 630 ± 24" 450 ± 27' 264 " 

flyash: 611 ±15" 705 ±35" 416 ' 

"mean ±.>;iandard deviation of triplicaie deicnninations. ""TEQ (sum of PCDD/F and PCB) PCDD/F 
according to NATO/CCMS PCB according lo WHO, 'TEQ (PCDD/F) according to NATO/CCMS 

The validity of the Micro-EROD-assay was examined by comparing the results obtained in 
intact cultured hepatocytes with the activitiy determined in the conventional EROD-a.ssay. By 
measuring inonooxygena.se activities directiy in intact ceEs, the loss of biological activity is 
avoided and the assay time is reduced drastically. Moreover, in contrast to the assay u.sing 
intact cells, addition of cofactors like NADPH-regenerating .systems is nol needed since 
hepatocytes generate their own NADPH. 

A good correlation between the two assays was found for the fire residue, fly ash 1 and fly asli 
2 liable 1) as well as for ti.ssue filter dust 1 (lable 2). For the samples of tissue filter dust 2 and 
ti.ssue filter dust 3 (table 2) there is a small deviation between the TEQs derived from Micro-
EROD-a.ssay in compaiison to iho.se obtained from EROD-assay. Nevertheless, the 
correspondence to chemical analysis is quite good. 
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Table 2: TEQs of three h'ssue filter dust samples: comparison of EROD-assay results 
wilh those of Micro-EROD-assay and chemical analysis 

EROD-assay Micro-EROD-assay chemical analysis 

ti.ssue filter dust 1695±7^ 1460 ±26" 168' 

tissue filter dust 2 1233±14' 735 ±45" 638' 

tissue filter diioi 3 2617 ±39" 2015±163" 1 /: .̂  c t 
l u - f j 

' mean ± standard deviation of u-iplicatc dcicrniinaiions. ' TEQ (sum of PCDD/F and PCB) PCDD/F 
according to NATO/CCMS, PCB according lo WHO 

The TEQ values obtained from EROD- and Micro-EROD-assay correspond well for the 

sludge satnples (table 3). There also could be deteimined a good correlation to chemical 

analysis. 

Table 3: TEQs of four sludge samples: comparison of EROD-assay results with those of 
Micro-EROD-assay and chemical analysis 

EROD-assay Micro-EROD-assay chemical analysts 

sludge 155 ± 6 ' 147 ± 9" 59' 

sludne 2 139 ± 5" 157 ± 35" 58 ' 

.slud"e 3 157 ± 3 " 189 ± r 62' 

sludge 4 160 ± 3 " 144 ± 16" 54' 

mean ± slandard devialion of uiplicatc determinations, '' TEQ (sum of PCDD/F and PCB) PCDD/F 
according to NATO/CCMS, PCB according to WHO 

The above results show that the .Micro-EROD-a.ssay is a sen.sitive alternative for rapid .screen­
ing of the toxic potential of large numbers of environmental samples. It was not the aim of 
the.se investigations to replace chemical analysis but to find a useful combination of the two 
determination methods. Only satnples surpa.ssing the relevant threshold for the coiresponding 
mauix are subjected to the more costly and time consuming chemical ;malysis. 'llie combina­
tion of the.se two metiiods provides an efficient means of characterization and ri.sk assessment. 
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