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Pol ychl ori nated biphenyl s(PCBs) are a highly Ilipophilic
group of global pollutants, consisting of 209 congen -
ers(WHO ,1993). PCBs were discovered before the turn of
the century and their usefulness for industry, because
of their physical properties, was recognized early. The
distribution of PCBs in the environment was not noticed
until Jensen and his colleagues found PCBs in wldlife
sanpl es(Jensen 1969). Si nce then, i nvestigations in
many parts of the world have revealed the wi despread
distribution of PCBs in environnental sanples and PCBs
are persistent and accunulate in food webs. Thus, deter-
m nation of toxicities of commercial PCB mixtures and
PCB congeners are required.

Toxicity tests using |lum nous bacteria devel oped since
the 1970's have shown high correlation to traditional

bi oassays. The biolum nescent bacterial test utilizes a
standardi zed culture of a selected strain of a marine
bacteri um Phot obacteri um phosphoreum the |ight output
of which <can be neasured. The addition of a toxic
substance to the bacterial suspension results in nost
cases in a rapid decrease of its light em ssion, and
the toxicity is recorded as the percent decrease in
| um nescence after a certain tine (Brenner 1993). As a
sinple, fast and conparatively inexpensive alternative
to in-vivo bioassay with higher organisns, the bio-
| um nescent bacteri a-test has been widely applied.

There are numerous |unminescent bacteria test data for
5-min, 15-mn and 30-nmin exposure to pesticides, herbi-
cides and other chenicals such as DDT, 2,4-D, chl or o-
phenols etc. (Kaiser 1991, 1994), Hence it is very
inmportant to assess the toxicity values of PCBs wth
the biolunminescent bacteria test and try to find out

whet her there are correlations between the |um nescent
bacteria toxicity test data and those from other acute
toxicity tests. China manufactured PCBs for about a

decade before 1974 with the trade nanes of the PCB
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mxtures as PCBzand PBs. One of the goals of our
study was to conpare the ECso values of the conmercial
m xtures, PCBzand PB s, wth those of Aroclor 1242 and
Arocl or 1254. Simul taneously, eight PCB congeners were
also to be tested.

MATERI ALS & METHODS

The PCBs and PB s mixtures were provided by the Re-

search Center for Eco-Environnmental Sciences, Chi nese
Acadeny of Sciences, and Aroclor 1242 and Aroclor 1254
were purchased from the Supel co Conpany, U S A The
ei ght PCB congeners were purchased from the Anal abs,

Inc., Japan (2,3-diCB, 2,4 ,5-triCB 2,2",5 5 -tetraCB,

3,3, 4,4 -tetraCB, 2,2, 3,4,5 -pentaCB & 2,2',3,4,4 ,5-

hexaCB )and AccuStandard Conpany, U. S A (3,3 ,4,4 ,5-
pentaCB & 3,3 ,4,4",5,5 -hexaCB). Mercuric chloride and
other chemicals used in the test were analytical grade.

The lum noneter nodel DXY-2 and freeze-dried Photo-
bacteri um phosphoreum T3 spp. cells were obtained from
the Institute of Soil Science, Chi nese  Acadeny of

Sci ences, Nanjing.

Each of the four comercial PCB mxtures was dissolved
in acetone and then added to water. The eight PCB
congeners were directly added to water separately the
aqueous solutions were used as test sanples after one
week.

The test procedures followed the national st andard
met hod of China (Yuan 1994), and are briefly outlined
here . A working solution of |umnescent bacteria was

prepared by reconstituting a vial of freeze-dried
Phot obacteri um phosphor eum using 1 nL of 2 % Nad
aqueous sol ution under the tenperature of 2-5°C and
fully honopgenized. The hydrated cell suspension, when
kept on ice, was usable for about 4-5 hours. 0.01 nlL of

the Dbacterial suspension was added to 2 nlL sanple
solution containing 3 % NaC in a test tube. Lum nes-
cence was neasured at 21-23°C after 15 nminutes, and
conpared to the control sanmple. For the sanple of which
the relative |umnescence of original solution was

lower than 50 % a dilution series of the sanple could
be nmeasured directly in this way, The ECso was cal cu-
lated as the effective sanple concentration causing a
50 % decrease in activity conpared to the control and
shown with the unit of ng/L. For the sanple whose
relative lum nescence of original solution was higher
than 50 % the relative lumnescence of a series of 11
HgCl 2 solultions which ranged from 0.02 ng/L to 0.22ng/L
with sane concentration lags had to be deternined. The
toxicity of tested sanple ‘was neasured and expressed
as the concentration of the Hgd 2 solution which caused
the same relative |umnescence decrease as that caused
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by the sanple solution in the unit of ng/L Hgd 2.
RESULTS & DI SCUSSI ON

To determine acute toxicity of commercial PCB m xtures,
it is inportant to keep every congener in the mxture
unsat ur at ed. The rather low water solubility of PCB
congeners make it very difficult to prepare such aque-
ous solution. In order to resolve this problem t he
comercial PCB mixtures are recomended to be dissolved
in acetone and then diluted with distilled water while
the acetone concentration cannot be higher than 0.08 %
(0.063 % in this work). It was reported that nethanol
could be used at up to 5 % concentration to get com-
plete solution without interfering with the toxicity
test (Ribo 1983), but in our experiment the relative
| um nescence of the sanple solution ~containing 5%
met hanol is only 8 % therefore the application of
nmet hanol is proved not suitable for this work.

The Photobacterium phosphoreum toxicity values of the
f our commercial PCB mxtures are shown in Table 1. It
is clear that Aroclor 1242 and PCBs have simlar acut e
toxicity along with Aroclor 1254 and PCBs .

Table 2 shows the toxicity values of the saturated
aqueous solutions of the eight PCB congeners, rangi ng
from 0.040 nmg/L HgC2to 0.158 ng/L HgCl2. In Table 2
the congeners wth asterisk mark belong to coplanar
congeners which are generally regarded as the npst
toxi c because of their capabilities for inducing sim-
lar toxic effects as 2,3,7,8-TCDD (Safe 1992). However,
this characteristic does not appear in this work, t he
toxicity values of these three coplanar congeners are
not elevated conpared with those of the other tested
congeners especially in consideration of the fact that
the solubilities of each couple of tetraCB, pent aCB,
and hexaCB are simlar (N rmalakhandam 1989).

The toxic and carcinogenic effects elicited by comrer-
ci al PCB mixture and individual congeners have been
extensively investigated in |aboratory animals . from
fish to mmuals (Safe 1987). The toxicity of many
chem cals is dependent on their biotransformation to
reactive nmetabolites by cytochrome P- 450- dependent
nonooxygenases or other drugnetabolizing enzynes.
| nduction of hepatic mcrosonmal enzynes is one of the
nost sensitive parameters and the results show that
PCB-i nduced effects are dependent on many factors, e.g.

the species of animals, age, sex and so on. Gooch et
al . have studied the effects of sone ortho- and non-
ortho- substituted polychlorinated biphenyl congeners

on the hepatic nopnooxygenase system in scup (Stenotonus
chysops) . Although 3,3 ,4,4'-TCB is a potent P450E
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Table 1 Acute toxicity values of comercial PCB mx-
tures

Nane ECso (mg/ L) n r
Aroclor 1242 0.14 6 0.81
Aroclor 1254 0.018 6 0.99
PCB3 0.12 6 0.83
PCBs 0.017 6 0.99

Table 2 Acute toxicity values of saturated aqueous
sol utions of PCB congeners

| UPAC no. Structure Toxicity value’ (ng/L HgCl2)

5 2, 3- 0. 085+0. 010
31 2,4 ,5- 0. 040<0. ool

52 2,2 ,5/5 - 0. 158+0. 002
7 3,3 4,4 - 0. 044+0. 002
87 2,27 ,3,4,5 - 0. 045+0. 006
126* 3,3,4,4 |5- 0. 143+0. 003
138 2,2°,3,4,4 | 5- 0. 048+0. 007
169* 3*3',4,4',5,5 -- 0.0573. 0, 009

"Three determ nations

i nducer in scup, it can also inhibit P450E activity by
acting as a alternate substrate in vitro, and probably
in vivo (Gooch, 1989). Mranda et al. have studied the
multiple effects of 3,3, 4,4 ,5-HCB adm nistration on
hepatic cytochrone P450 isozynmes and associated m xed-
function oxidase activities in rainbow trout (Oncorhyn-
chus nykiss) and the results are analogous to Gooch's
(Mranda, 1990). Photobacterium phosphoreum belongs to
bacteria and its enzyne systemis not the same as that
of higher organisnms. This might be the best explanation
for the inconsistency of our data shown in Table 2 wth
some early results. This result should be attended in
other toxicity test.
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