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Sixty-seven sediment samples were collected from Kyeonggi
Bay, Korea, including the mouth of Han River, Incheon
Harbor, the Namdong industrial complex, and the open sea.
Collections were conducted in December, 1995 and samples
were maintained frozen (± 20 °C) until analysis.
Dichloromethane extracts were analysed for their content of
CYP1A1-inducing compounds with a P450RGS (reporter
gene system) assay, and for polycyclic aromatic
hydrocarbons (PAHs). Sediment samples were also analysed
for organic carbon (OC) content and grain size, to aid in
evaluating the relationship between contamination and
physical nature of the sediments. The responses of the
P450RGS assay to the sediment extracts were expressed as

m g of benzo[a]pyrene toxic equivalents per g dry weight ( m g
g ± 1 BaPTEQ), and these values correlated well (r2=0.624) with
total PAHs. BaPTEQ values were also highly correlated with
the OC content of the sediments. The determination of
P450RGS BaPTEQ is a useful tool, because it is both a rapid
and inexpensive means of assessing the potential toxicity of
organic compounds in environmental sediment samples.
These values represent an estimate of the levels of
compounds in the sediment that are potentially available to
organisms through chronic exposure to pore water or
ingestion of benthic species. We believe BaPTEQ values are
more useful than tables of specific PAH concentrations, if the
purpose of the investigation is to either obtain a rapid
screening of an area or to develop some form of ecological
or human health risk assessment.

Keywords: CYP1A1, P450RGS BaPTEQ, PAH, bioindicator,
screening method.

Introduction
T he majori ty  of  polycyclic  aro m a ti c  h y d rocarbon s (PAH s)  in

the  e n vi ro n m e n t  are  deriv ed  fro m  a n th ro po ge nic so urce s  su c h

a s p y ro lysis  or  o rgan ic  mater ial  (Suess 1976),  coal  gas if ication

(H ayatsu et  al. 1975), oi l re f in ery  operat ions,  in cinerat io n o f

in du str i a l  an d d om e stic  w a st es  (A n d elm a n an d  S n od g ra ss

19 72) ,  an d n atur al  p roce sses su ch as dia gen esi s of  sed im ent

o rgan ic matter  to  form  foss i l f uels (LaFlamm e and H ites 1979) .

L and -d erived  PAHs a re  tr an sp orted  to  the sea by two m ajor

rout es:  aeo lian  tr anspo rt  o f  f ossi l  fuel  an d w ood  com bu st io n

p rod u cts  an d r iv er in e t r ansp o rt  of  com bined PAH  sou rces (e.g .

s to rm w ater  ru n o ff , mu nicipal  sewage eff l uen ts ,  a nd  i nd u str ia l

inp ut)  (Bo ehm  and  F arr ington 1984).  Ports  an d  h arb ou r s h av e

of ten  b eco m e con tam inat ed w ith  PAH s th rou gh  sto rm w a t e r

ru n o ff ,  many small  sp i l ls of  oil  cargos or  fuels,  and bilge

p um pin g o r  sh ip se rv icing  op erat io ns.  Once PAH s ha ve  b een

in t ro duc ed to  a  harbo ur  o r  c oastal  zone ,  th ey ac cum ulate  in

sedim ents  bec ause of  t heir  hy dro p ho b ic i t y  an d  pa rt i t ion ing to

o rganic carbo n-co ated p art ic les (Means et al. 1980) .  The

concen trat i ons o f  PAH s in  sed im en t hav e b een  k no w n to r ang e

from  a few ng g±1 t o  m a n y m g g±1 (M eador  et  al . 1995). Some of

th e  PA H  c o m p o u n d s m e asu red  i n  e nv i ro n m e n ta l  p ro g ram m es

a re  m uta gen ic an d carcinogenic (Varan asi  et  al . 1 987, M ey ers

et  al . 1 991, Balch et  al.  19 95)  and  som e h ave been re p o rt ed  t o

ca use  re p roductive toxici ty  (Hose et  al . 1982) . T here  h a ve

be en so m e rec en t  sed im en t PAH st udi es (H un tley  et  al.  199 5,

P e re ira  et  al . 1996,  Yun k e r  et al.  1996).  H owever,  on ly a  sm all

p o rt ion of  al l  the two- to  six -r ing aro m at ic  h y d ro ca rbo n s

fou n d  in  p et ro l eum , an d l i kely pre sen t  i n  co n ta m in a te d

sed im en ts ,  are  q uan tif ied in  env iro n m e n ta l  p rog ram m es.

Ma ny  o f  th e un id ent if ied  a nd  u nt ested  aro m at ic  h yd ro c arb o n

co m po un ds m ay  al so  po sse ss  th e a bil i ty  t o  in du ce th e

CYP 1A1 gene.

PAHs have b een known  to  indu ce  E ROD (ethoxyre soru fin O -

dee thylase) ,  B[a ]PH (benzo [a ]p yren e  h y d roxylase),  EH

(e pox id e h yd ro lase)  in  var iou s animals (Suteau  et al . 1988,

Goksù yr  et al. 1994, Roos et al . 1996).  T hese  and the other

p revious invest igations (Stegem an and  L ech 1991, Coll ier  et al.

1995) have sugges ted  the determ inatio n of  xenobiotic

biotr ansformation en zy mes as useful  tools  in  identify in g

co ntam in ate d co m p artm ents o f  the enviro nm ent . F latf i sh  and

bivalves have  been  f requen tly  used as  sentinel  o rganism s to

monitor  the levels of  PAHs in  a region or  port ion of  a  har bour

or coast l ine (Mix  and Schaffe r  1983 , Cocchier i et  al.  1 990,

P orte and Alba ig…s,  1993).

T h e re  are  som e recent  p ublicat ion s o n the applicat ion  of

bioindicato rs to  the assessment of  sedim en ts  (A art s  et al . 1995 ,

Garr iso n et  al. 1996, Murk et  al. 1996) . To  our  kn owledg e,

h o w e v er,  th e only studies show ing that  a  bio logical  test  is

useful  in  screen ing m ar ine sed imen t sam ples fo r  PAHs are

those  by  Anderson and colleagues (Anderson 199 5a, b ,

A n d er so n  et al. 1995, 1996a).  T hese s tudies used the P 450

Rep orter  Gene System (RGS) assay,  w hich  is  b ased  on  the

response of  a  hum an cell  l ine (101L) w ith the luciferase

plasm ids at tach ed  at  th e CY P1A 1 si te  on th e chro m o so m e

(P ost l ind et  al.  1993).  The P450RGS assay  w as used to rank the

levels  of  ind ucing com pou nds in  m arine sedimen ts,  r angin g

from  clean coastal  areas to  con tamin ated  harbo ur si tes.

T he ob ject ives  of  th is study are  to  determ in e i f  se dim en t

sam ples collected from  various si tes  on the west  coast  of  South

Korea could be ranked f rom  hig h to  low  contam inatio n b y use

of  the RGS assay,  an d to  d eterm ine the correla t ion  w ith  t he

su bsequ ent chem ical  characterizat ion of  spl i t  sam ples.
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MATERIALS AND METHODS

Sample sampling and characterization

Sample collection and storage

In December, 1995, 67 sediment samples were collected from the mouth of Han

River in the North, southward past Incheon Harbor and Namdong industrial

complex, to the open sea (Figure 1). The positioning of the vessel at each

sampling station was obtained from a global positioning system. All samples were

collected by Van Veen Grab. After collection, the samples were kept in a freezer at

± 20 °C or lower, until analysis.

Extraction of PAHs from sediments

After air-drying, samples were ground by mortar and pestle and sieved using a 0.5

mm sieve. The extraction of PAHs from about 10 g of dry sediment was carried

out by using a Microwave (MES 1000, CEM Corporation, Matthews, NC, USA)

extraction system at the Skidaway Institute of Oceanography (Savannah, GA,

USA). The volume of dichloromethane (DCM) extracts was reduced to 2 ml under

the flow of nitrogen gas. The 2 ml sample was split, so that 1 ml was used in

P450RGS assay and the other was later used for analysis of PAHs.

G. B. Kim et al.182

Figure 1. Map showing sampling sites around Kyeonggi Bay, Korea.
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Analysis of PAHs

Sulphur was removed from the remaining 1 ml solution by adding an activated

copper. This solution was then passed through a 12 g activated silica gel-packed

wet column for clean-up. The column was eluted with 250 ml of 50%

hexane/dichloromethane. This eluate was concentrated to 1 ml and subjected to

GC (Varian STAR 3400 CX) equipped with MS (Varian SATURN 3). The mean

recovery of certified PAHs in a standard marine sediment (SRM1941a, NIST)

extracted with the Incheon Harbor sediment was 86%. The precise description of

PAH analysis and the recovery data for specific compounds is published

separately (Kim et al. 1996a). The list of PAH compounds analysed in this study

is shown in Table 1, and the total PAH values are listed in Table 2.

For sediment grain size analysis, organic materials were removed from bulk

sediment by treatment with hydrogen peroxide. By using a 62 m m sieve, sediment

samples were divided into coarse and fine size fractions. The fraction larger than

62 m m was analysed at an interval of 1 f by sieving and the fine fraction was

analysed by the pipetting method. The mean size was calculated by the method of

Folk and Ward (1957). Organic carbon (OC) content was determined by a back-

titration method (Walkley and Black 1934).

P450RGS assay
The protocol used in this study has been described in detail elsewhere (Anderson

et al. 1995, 1996a). In essence, 10 m l of solvent extracts were added to two

replicate wells, each with approximately one-million 101L cells in 2 ml of medium.

These cells have a stably integrated plasmid that contains the human CYP1A1

promoter and 5Â -flanking sequences fused to the firefly luciferase gene (Postlind

et al. 1993). After 16 h incubation, the medium was aspirated and cells were

rinsed with saline, and then spiked with 100 m l of lysic buffer. After allowing 15

min in a refrigerator (6 °C) for lysing, the contents of each well were scraped and

transferred to a micro-centrifuge tube (2500 rpm, 1 min). Ten m l of supernatant

was transferred into the wells of a 96-well plate. After addition of substrate A

(reaction enhancer) and substrate B (luciferin) (both from Analytical Luminescence

Lab. Ann Arbor, MI 48108, USA), light output was measured for 10 s at 25 °C with

a luminometer (Dynatech, ML 2250, Chantilly, VA, USA). Relative light units (RLU)

were converted to P450RGS fold induction by dividing the mean RLUs for each

sample by that of the solvent (DCM). The coefficients of variation (% CV) were

generally less than 20% of the mean, but samples with very low levels of inducing

compounds produced values up to 80%.

Calculation of benzo[a]pyrene toxic equivalents from

P450RGS (P450RGS BaPTEQ)
The fold induction per gram in each sample was calculated by using the final

extraction volume and the volume applied to the cells. Figure 2(a) shows the

dose± response curve of benzo[a]pyrene, in which fold induction of about 30 is

produced by a concentration of 500 ng ml± 1 benzo[a]pyrene. The conversion of

data from fold induction to BaPTEQ could have been done by dividing by 30 and

then multiplying by 0.5, which is of course the same as only dividing by 60

(Anderson et al. 1996a). In addition, Figure 2(b) revealed a linear dose± response

relationship using a PAH mixture. The maximum amount (140 ng ml± 1) applied to

the 101L cells of our study is well below the maximum concentration used in

testing a PAH mixture. These data demonstrate that the approach used in

converting the responses to BaPTEQ is valid.

Calculation of benzo[a]pyrene toxic equivalents from

chemical analyses of PAHs (chemical BaPTEQ)
At present only seven specific PAHs have been examined for P450RGS responses

at multiple concentrations, which is necessary to estimate a toxic equivalent

factor (TEF). These seven compounds are typically considered to be carcinogens

Application of P450RGS as a bioindicator 183

Ring number Compounds

2-ring Naphthalene (128), 1- and 2-methylnaphthalene (141+142),

biphenyl (154), 2,6-dimethylnaphthalene (141+156), 

2,3,5,-trimethylnaphthalene (155+170)

3-ring Acenaphthylene (152), acenaphthene (152+153+154),

fluorene (165+166), phenanthrene and anthracene (178), 

1-methylphenanthrene (191+192)

4-ring Fluoranthene and pyrene (202), benzo[a]anthracene and

chrysene (228)

5-ring Benzo[b]- and benzo[k]fluoranthene (252), benzo[e]- and

benzo[a]pyrene (252), perylene (252)

6-ring Indeno[1,2,3-cd ]pyrene and benzo[g,h,i ]perylene (276),

dibenz[a,h] anthracene (278)

Table 1. PAHs identified in this investigation.

Figures in parentheses after compound’s name show m/z, i.e. GC/ITMS

quantitation ion(s).

Organic C Clay PAHs BaPTEQ Organic C Clay PAHs BaPTEQ

Station (%) (%) (ng g± 1) (m g g± 1) Station (%) (%) (ng g± 1) (m g g± 1)

1 0.23 9 143 4.0 35 0.14 5 42 0.4

2 0.25 NA 40 1.0 36 0.07 NA 13 0.6

3 0.37 4 81 3.7 37 0.25 18 77 0.7

4 0.22 5 47 1.9 38 0.08 10 33 1.2

5 0.30 14 67 2.2 40 0.17 5 39 1.3

6 0.20 10 56 2.2 41 0.18 2 15 0.7

7 0.75 35 143 4.0 42 0.20 3 63 0.8

8 0.31 NA NA 3.1 43 0.42 30 67 1.8

9 0.13 6 59 1.6 46 0.05 4 56 1.0

10 0.33 NA 38 1.1 47 0.17 8 41 1.0

11 0.09 11 228 1.3 50 0.17 4 34 0.9

12 0.27 4 74 3.1 51 0.29 18 85 1.3

13 0.05 4 46 0.7 52 0.31 6 61 1.8

14 0.15 NA 29 0.4 53 0.22 5 75 1.3

15 0.21 23 104 2.0 54 NA 4 167 3.6

16 0.37 6 99 2.7 56 0.24 27 59 1.5

17 0.30 11 129 1.3 57 0.06 2 26 0.5

18 1.20 30 1430 16 58 0.10 3 34 1.7

19 0.86 23 1128 21 59 0.05 1 10 0.4

20 0.72 35 286 7.7 61 0.06 1 10 0.6

21 0.68 46 237 11 63 0.30 21 57 1.2

22 0.45 30 174 4.9 64 0.17 16 9 0.7

23 0.32 22 170 5.1 65 0.09 16 24 0.5

24 0.33 18 107 2.1 76 0.35 8 72 1.4

25 0.31 6 167 5.0 79 0.14 11 41 0.5

26 0.17 NA 371 3.5 80 0.44 25 107 2.0

27 0.35 13 108 7.5 81 0.25 NA 53 1.0

28 0.52 32 154 14 83 0.26 13 30 0.5

29 0.28 18 39 1.7 85 0.29 6 83 0.8

30 0.54 67 236 13 86 0.29 18 33 0.4

31 0.48 8 215 3.6 87 0.29 NA 57 0.8

32 0.14 7 45 2.0 88 0.25 NA 47 0.7

33 0.07 0 85 6.9 90 0.38 15 77 1.9

34 0.12 17 163 3.7

Table 2. BaPTEQ values, total PAH concentration, and content of organic

carbon and clay in sediment samples used in this study.

Key: NA, not analysed.
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(Menzie et al. 1992). Table 3 lists the TEF values for each compound described in

an earlier publication (Anderson et al. 1996a). The concentration of a substance

which produces a 10-fold induction is compared with that of benzo[a]pyrene to

produce the BaPTEQ values. The chemical BaPTEQ was the sum of the products

of individual compound concentrations and the TEF for those compounds. All the

statistical analyses were conducted using Pearson’s sample correlation included

in SPSS software for Macintosh computers.

Results
Distribution of PAHs based on P450RGS BaPTEQ
T he  mean value of  P450RGS BaP TE Q for 67  samples was 3 m g

g±1 and the range w as  from 0.4  to 21 m g g±1 (Table  2) . T he values

hig her than 5  m g g±1 w e re al l  foun d in  the Incheon  Harbor are a

(sta tions 18±36).  Interm ediate  values,  ranging from 2 to  5  m g

g±1,  w ere  observed near  the m outh of  Han River and are a s

s u rrou nding In cheon  H arb or.  M ost  sedim ent sam p les in  the

op en sea area exhibited BaP TE Q values less than 2 m g g±1

(Figure  3) . The dist ribu tion of  P450RGS BaPTEQ values

sug ges ts that  so urce of  PAH s w hich indu ced C YP 1A 1 in  th e

P450RGS  assay  w as  primari ly  Incheon Harbor,  and  p ossib ly

som e con tam inan ts m ay h ave co m e do wn the Han River.

S edim ents  f rom  th e in n erm ost  area s of  the harbour (stat ions 18

and 19) exhib ited the highest  levels ( 16 and 21 m g g±1 BaPTEQ)

of  ind ucin g co mp oun ds.  In  th e no rth e rn  p o rt ion of  Incheon

Harbor,  there  was a  gr ad ient of  decreasi ng  BaPTEQ values fro m

the  high est  in nerm ost  s ta t ions  (18 and 19),  through a ser ies of

stat ions (20±25, 37) to  the  open  sea.

Factors affecting P450RGS BaPTEQ
PAHs often correlate  with  organ ic carbon (OC) content

(Jo hnson et  al.  1985, Larsen  et  al.  1986,  Jones et  al.  1989).

P450RGS BaP TE Qs in  th is study also  exh ibited a high

co rrela t ion with OC conten t  (Table  4,  Figure 4(a) ). Even af ter

G. B. Kim et al.184

Figure 2. (a) Dose± response curve for concentrations of benzo[a]pyrene applied to the 101L cells and the induction of P450RGS. (b) Linearity in the P450RGS induction

from application of increasing concentrations of a PAH mixture. The percent composition of individual compound is as follows: naphthalene (4.5), 2-methylnaphthalene

(10.1), 1-methylnaphthalene (13.8), biphenyl (4.4), acenaphthylene (1.3), acenaphthene (0.5), fluorene (1.1), phenanthrene (4.1), anthracene (1.6), fluoranthene (4.8),

pyrene (8.9), benz[a]anthracene (4.5), chrysene (4.8), benzo[b]fluoranthene (4.1), benzo[k]fluoranthene (4.1), benzo[e]pyrene (4.9), benzo[a]pyrene (6.4), perylene (6.7),

indeno[1,2,3-cd ]pyrene (3.2), dibenz[a,h] anthracene (1.4), benzo[g,h,i ]perylene (4.1), dibenzothiophene (0.7).

USEPA California Proposed P450RGS

Chemical TEFa EPATEFb TEFc TEFd

Dibenz[a,h]anthracene 1 0.4 5 20

Benzo[b]fluoranthene 0.1 0.1 0.1 10

Benzo[k]fluoranthene 0.01 0.1 0.1 5

Indeno[1,2,3-cd ]pyrene 0.1 0.1 0.1 4

Benz[a]anthracene 0.1 0.1 0.1 1

Benzo[a]pyrene 1 1 1 1

Chrysene 0.01 0.01 0.01 0.02

Table 3. Toxic equivalent factor (TEF) for seven compounds on a basis of

benzo[a]pyrene.

aUSEPA (1993); bCalEPA (1994); cNisbet and LaGoy (1992); dAnderson et al.

(1996a).

Figure 3. Station distribution of the P450RGS responses.
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O C normalizat ion of  P450RGS BaPTE Q, Incheon  Harbor  are a

(stat ions 18±36) s ti l l  exhibited higher values  th an  the area of

H an  River m outh (stat ions 1±17)  and  th e open sea  (s tat ions

37±90) (Figure 4(b)) . Stat ion 33 exhibited  the highest  P450RGS

BaPT EQ  value, w hich m ay  be due to  a  very  low OC content

(0.07% ) and clay  content  (0% ) in  addition to  high BaPTE Q

b ased  o n  d ry  weight  (Table 2) .  Incheon Har bor appears to  be

o ne of  the m ain dep osi t io n area s for  PAH s, w hich in d uce  t he

CYP1A1 gene in the  P 450RGS assay.  San d con ten t  w as

negatively  correlated  with   P450RGS BaP TE Qs, while  c lay

content  ex hibited  a  high p osi t ive correla t ion. A s m ight  be

ex pected,  t he sedim ents  w ith high  clay conten t  a lso co ntained

high OC, providing  a  greater  surface area for  the  absorption of

PAH s that  induced CY P1A 1.

Discussion
Comparison of P450RGS BaPTEQ in various sites
I t is diff icult  to  direc t ly  com pare  the total  PAH findings of  th is

invest ig at ion with m any other  s tudies,  because  the l ist s  of

spec if ic  PAHs inves t igated  by re searchers often vary. Norm a l ly

only 10±20 spec if ic PAH s,  am ong over several  hun dred  PA H

c o m p o u n d s  are  identif ied  and  quantif ied .  In  th is  invest igat ion ,

24 speci f ic PAH s w ere  m e asu red  (Table 1) . Figure  5 sho ws a

com par ison of  only the P450RGS BaP TE Qs obtained in  this

study  w ith tho se  valu es re p o rted at  the o th er  si tes (And er son

1995a,  b ,  Anderson et  al. 1996b). The m ean  value  of  P450RGS

BaP TE Q in this  study area w as  3±20 t im es lower  than tho se

re p o rted  in  the inves tigat ion o f  som e regions in  the US A,

indicating  that th e eff ect of  PAH s o n b en thic  m ar ine org an i sm s

in  the  p resent  s tu dy area w ould be less than th at  of  sedim ents

in  th e other  are as.

Rapid decrease of PAHs with increasing distance from

Incheon Harbor
In  general ,  there  w as a decrease  of  P450RGS BaPTE Q with

in c reas in g distance  from  Incheon Harbor  to  the sea .  T his

p att ern  is  quite s imilar  to  prev iou s results (M arc om in i  et al.

1986 , Lipia tou and Sal iot 1991),  bu t  the rate of  decrease in

values was m ore  r apid than that  ob served at  other  si tes.  This

steep  i ncrease  of  P450RGS BaPT EQ values may  be due to  the

rap id di lu t ion  of  co ntam in ated part icu late by high velocity

c u rren ts,  a high spring t ide range (798 cm) at  I ncheon Harbor

(Yi 1972),  and r ap id incorporat ion of  PAH s o n  t h e susp e nd ed

p a rt icles fol lowed by sed im entat ion (Bj ù rse th  et al. 1979 ,

Wijayaratne and Means 1984) .

Interference of P450RGS from other contaminants
T h ere  are  m a ny  co m po u nd s an d m eta l  e lem en ts  wh ich  can b e

ex tracted from  sed im en t b y dich loro m ethan e alo ng with PAHs.

They may consist of  T CDD (te trachlorinated  dibenzo-p -

dioxin) ,  coplanar PCBs (polych lorinated biphenyls) ,  TBT

(tr ibuty ltin) ,  other  organo-metals , an d pest icid es .

Kyeon ggi Bay,  kn own  to b e a  contam inated area in  Korea,

exhibited m ean levels  for  copper and lead of  32 m g g±1 a n d  

31  m g g±1 respec tively (L ee  et al. 1985).  T hese  levels are

a p p a ren tly  lo w com p ared w ith th e values fo r  cop per an d 

lead  of  210 m g g±1 an d 19 0 m g g±1 resp ectiv ely,  in  sedim en t

test ed  p reviou sly,  wh ich did  n ot  in terfere  w ith th e analysis  

of P450RGS (Anderson et al . 1995) . O nly two p aper s have

re p o rted TCDD and  PCBs levels in Korea sediments  (Im  et  al .
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Mean Organic

Sand Silt Clay grain size carbon

P450RGS an 58 58 57 58 60

BaPTEQ br2 0.20 0.067 0.35 0.22 0.57
cp <0.005 >0.05 <0.001 <0.001 <0.001

Table 4. Correlation coefficients and statistical significance of P450RGS

BaPTEQ with other factors in sediment.

aNumber of sample: bCorrelation coefficient (Pearson’s sample correlation);
cStatistical significance.

Figure 4. (a) Correlation between organic carbon content and P450RGS BaPTEQ (Pearson’s sample correlation). (b) Station distribution of the P450RGS BaPTEQ

normalized to sediment organic carbon content.
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1994, 1995). T hese studies re p o rted  PCB levels of  8±210  ng  g±1

and TCCD leve ls of  0 .016±0.21  ng g±1 in  M asan Bay, a  semi-

enclosed  bay consist ing of  h ar bour  and indu st r ia l  area . Lee e t

al. (u npublished data)  detected a  m aximu m P CBs level  of  58 0

ng g±1 i n  sed im en t sam p les ta ken  in  th is  s tu dy.  O nly  coplan ar

PCBs pro duced  induction of  P45 0RGS  (And er son et al . 1995)

and we have not  a t tem pted to  identify  these  specif ic

con gener s .  An der so n et al. (1995) found no ev idence of

in du ctio n fro m a p est ic ide m ixtu re at  con centr at ions as high as

4  m g m l±1. Lee et al . (u npu blish ed d ata)  f oun d rel at ively low

levels  of  pest ic id es in  the sedim ents analysed  in  th is

inves tigation ( å DDT; up  to  34 ng g±1,  å HCH; 1.5 ng g±1, å CHLs;

130  ng g±1) . TBT has a stro n g inh ibitory  eff ect  in  v i tro a n d  i n

v iv o on  m icrosom al cy toch ro me P 450 in  m ar ine org an ism s an d

rat (Rosenberg et  al. 1980, Rosenberg  and Dru m m on d  1 98 3 ,

Fent  and S tegem an 1991, 1993, K im  et al. 1996b).  Kim et al.

(unpublished data)  detected a  maximum  of T BT level  of  84 ng

g±1 in  Incheon  Harbor  sedim ents.  In  recent  studies P 450RGS

ind uction was fou nd to  be in hibited only by sedim ent T BT

concentrations of  greater  than 750 ng g±1 (An der son  et  al .

unp ublished data) . Consid er ing the levels of  these

con tam inants  f ou nd in  th ese  sed im ents ,  i t  is prob ab le that  the

P450 RGS indu ct ion observed w as prim ari ly  due to  PAHs.

Possible availability of P450RGS as bioindicator of

PAHs
In  th is  s tu d y,  w e ana lysed  PAHs and P 450 RGS  in sp li t

sam ple s.  F igu re  6(a)  shows the re lation sh ip of  P450RG S

BaP TE Q and total  PAH  con centrat io ns. A stat is t ical ly

sign if ican t co rrela t ion  (p <0.001, r2=0 .624 ) was foun d betw een

the tw o variab les,  indica t ing P450RG S is usef ul  for  sc ree n in g

levels of  PAH s in  sed im ent s .  T h e sam e  p attern  w as al so fou n d

wh en  P4 50RG S B aP T E Q was plot ted ag ainst  ch emical

BaPT E Q, based  on the chem ica l  analyses  of  PAHs (F igure

6(b)) . T he chemical  BaP T EQ  could explain about 1±10%  of

P45 0RGS BaP T EQ . Th is  is n ot  surp rising,  s in ce  this  chem ical

va lue  w as calcu la ted  u si ng  j ust  sev en co m po un ds fo r  w hich

P450RG S BaPT EF  values were  kn ow n (Table 3) . S ome of these

PAH s e xh ibi ted  co nc ent rat ion s l ess th an th e m ean d etect ion

le ve l  an d  t h us w ere  no t  in clud ed in  chem ica l  BaP T E Q

calcu lat ion .  T h is result  i s s im ilar  to  the p re v io u s

in vest ig at io n,  w here  th e sum  of  t he in div idu al  PAH m o ni to re d

by GC±M S cou ld explain less than 1%  of th e total  PA H

co n cen t ra t i on  p rod u ced  by  tw o  sp ect roscopic (UV/F)

tech niqu es (Hel lou  et  al.  1991).

Sensitive and usefulness of P450RGS BaPTEQ
Table 3 l ist s the most  recen t  P 450RGS T EF values for  seven

PAH  co m p ou nd s.  F o ur  co m po u nd s p rod uce si gnif icant

CYP 1A 1 indu ction at  con cen trat ions low er than

ben zo[a ]py rene. Delist ra ty  (1996)  reviewed over 20 papers  that

p roposed  new TE F values for  each  of  the PAH  co m p o u n d s

lis ted in  Table 3 . Most TEF values for  PAH s w ere  l ess  th an th at

of benzo[a ]p yrene based on various typ es  of  stu dies o n

m am m als .  Regard less of  rea sons for  diffe ren ces in  th e observ e d

potency  of  var io us PAHs,  the 101L  ce ll  line and the rep o rte r

gene  system  (P450RGS) is very  sensi t ive to  a  number of  PAH s

frequ ently  fou nd in  env ironm ental  sam ples.  T h is f act  m akes

G. B. Kim et al.186

Figure 5. Comparison of Korean P450RGS BaPTEQ to those from other regions.
1Anderson (1995a)*. 2 Anderson et al. (1996b). 3 Anderson (1995b). *See

Acknowledgements.

Figure 6. (a) Correlation between total PAHs and P450RGS BaPTEQ (Pearson’s sample correlation). (b) Comparison of chemically-derived BaPTEQ estimates to P450RGS

BaPTEQ values. Procedures for producing the chemical and P450RGS BaPTEQ values are described in Materials and Methods.
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the use  of  the assay  in  scree ning sam ples for  PAH s even m ore

a p p ropr iate .

In  ad dit ion to  sensi t ivi ty,  this  m etho d can redu ce th e to tal

cost  of  m onitoring prog ram m es and env iron m e ntal  a ssessm en t

stud ie s a nd  sho rten  analy si s t im e com p ared  w ith  p re v io u s

m ethods, such as HP LC (Marc om in i  et  al.  1986, Witt  1995),

GC/FID (Malisze wska-K ordybach  1993),  GC/MS (Johnson et  al .

1985, Evans  et al . 1990). There is  no n eed to  rem o v e

in te rfe rence materials f rom the extr ac t ion so lution. A fter

extr ac tion, over 100  sam ples can be analysed for  P450RGS  in  a

l i tt le as 1  week. We bel ieve i t  is des irable  to  f irst ut il ize  th is

type of  sc reen in g pro c e d u re , in  order  to  priori t ize  samples for

sub seq uen t d etai led  ch em ical  an alyses.

Conclusion
The P450RGS BaPTEQs re spo n ses w ere  d ep e nd en t  m ain ly o n

PAH  concen tr ation , th e distance from  Incheon Harbor,  and O C

co nten t .  T h ere  was a  s teep d ecrease of P450 RGS BaPT EQ

v alu es w ith  in creased distan ce  fro m  sh ore .  T his may be du e to

the rap id  tr an sp ort  of  part ic les containing PAHs by high

velocity  currents , la rge di fferenc es b etw een  spr in g an d neap

tide in  the vicin i ty  of  In cheon Harbor,  and rap id inco rpo rat ion

of PAH s o n  t he  su spe nd ed  p art icles f ollowed by

sedim entat ion .  T he P 450 RGS  m ethod  used in  this

invest igat ion was found to  be very  s im ple an d effecti ve for

s creen ing of  PAHs in  sediments.  T he highest  levels  of  re sp o n se

w e re from  sam p les taken  in  th e inn er port ion s of  an inlet  and a

h a rbo u r,  w h ere  d epo si t i on of  con tam inan ts wo uld be

expected.  The P 450RGS data , obtained  in  a  sh ort  t ime,

c o rre lated  w ell  w ith th e subsequen t  chem ical  character izat ion

of PAHs in  the samp les (p <0.001 , r2=0.624). Assessment of  the

p otential  ecolo gical  im pacts of  sedim ents  cont am inated  with

PAHs is enhanced by obtaining data on P450RGS re sp o ns es i n

the form  of BaPT EQ s. W hile  at tempts have been m ade to

develop  sedim ent quali ty  cr i ter ia for  speci f ic  PAHs, these are

b ased o n responses of  organ ism s to  sedim ent s contain ing

d iffere nt  m ixtures of PAH s,  chlo rin ated hyd roca rb on s,  an d

heavy meta ls.  Compar ison of  the levels of  P450RGS BaPTE Q at

various si tes seem to  be m ore  meaningful  from a tox icologica l

and  bioch em ical  s tandpo int  than  those of  the total  PA H

co nce ntr at io ns.
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