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Fig. 3 Ratios of TEQ concentrations in soil to frog and

egg at Yamada
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ABRIEDOMESTIE, 4NQO, AF2, MMS, 1,6-DNP, B(a)P, 2-AA, 1-NP, Chrysene DR u5
B OMGAE 99% LA £ TNT %M Uiz, TNT #bk< STHED(LEWEIZ Y7 n o X & VDI, Fa—
TIHELTEHRRM T CHEEHSBEL, 40°CTHRBYRE L7, TNT 12 DMSO (o 72 LT iBiEd 4°C)
L,

2.4 RERBOHARN

IHEEE (6 #m) RUBRIBL = A ORAEMTSHS LRG0T (3 HiA) & 40g B EE 3Gk
Rvvic, BEHI7 & b THE, S%REKEMAT, Pruu A& CHEHRM L, BAREE, 5%
BRVY DTN T RO A EZ T3 IESE Lk, H2 83777 avidtnE s, #1
777 Y a VIERHITTRE 2 RE Lok, - EREE L, SRt 5 % T40°C T mERF L,
o, DELURVEEHT, Y7 aad ¥ UoEREBRKE, BIEE LT, 40°CTARAERE L.



3 {REEER
3.1 RIGIEEDORS _

AF-2 ROEERE A RWT, 3ERBORIGEE (25, 30, 37°C) TR LE, EEHEOBEREZH 1
IORT, TEED umu BT, RANEEE 37CE LTVSA, AR umu 5 TH, AF-2 RUEEY 7
Bz, STCTOIRNRIT SIREFREBIE, EHIEEMIIREVE N IEREMELNE, 25°CL 30T
TIEIFICRERET R D218, 30COFHFBRRFENLBIET ZEMNENZ &0 6, RIGRE 30°C
ERATOI L E LT,

3.2 {(LEHHEOREEIZR TS ARE—KSB%

L H O RIZ DWW TR L TRRET AN E I D2~ = e 7 L — 480 1,6-DNP, 1-NP,
TNT T 4NQO, AF2, MMS Cik S IR THIREIRF Uit BE2 R T2 L AR b, S8
FERBALAFEIERD B@)P, 2AA, Chrysene TiE S9 # ¥l L CIVEHEM(L & &7 4 BIT 4 B Be— U
BHREEA D Z &Mllo7z, Fie, SEEELE 9BED S & 4 WOV TEERBOMSO) D 2 40
RN ETTIRELE RS, RO umu EORE VEHIE LI L 25, 63D umu L EOREENED
LD ENHER S,

3.3 BERP~0EA

BRIEEHI ORISR O —F % K 2 (R, BRI & HIS R Ui, R IEN
T, BEXRO 2 5 EORERER L bOEBME, 1.5 (5001 2 RO ERE R Lis b O 45
%, FRLUTEEEE LSS, BRI LD 55, -S9 ZTIIETORE ClatE%2 R L, +59
RTITEODORETHMED U I L e oTo, T b oORsE I 0 R E e st~ o F 03
TRgEENEZ Enh, 51%3 L0 2 < OEMERFMESE COMRPL, BERB~OERESEhH{LE
W & ORBENSEFE L T HERS D,

——Frl
~ 12000 < 10000 \—m—Fr2|
@ 1
2 10000 : > 8000 A Frd
. BOOO |-rme e 2
t S 6000
S 6000 |- 2
S 4000 | Ea'{ 4000
W 2000 [ - _- A 2000 | e e e e e s
oo ‘ # 0 ,
® 120 140 160 180 200 220 240 260 280 300 0 0.005 0.01 0.015
R FE Bl (min) dose{g-dry / wel)
B R R AR M2 ASBERRHOKBED

EE5XH
1) Oda, Y., Nakamura, S., Oki, I., Kato, T, and Sinagawa, H.:Evaluation of the new system(umu-test)
for the detection of environmental mutagens and carcinogens, Mutation Res., 147, 219-229 (1985)
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2. EEHX
2.1 EBRUVSRE

ARRERTET & LT & AT AWML T (40m]) , SPMESR B 13 SUPELCOMY 0D SPME 7R L & — |7,
Carboxen/PDMS (75um) 7 7 A N—%HF LU THEH L=, MIHEIE 7 74 A—R— T s oo
DEDIESPMERE RS 7V v AH vy FEM v, GO/MS 3 1. Hewlett-Packard 8l o
GC/MS (HP6890/HP5973) & FV >, ERIIIRIRA A L MiHiE (SIM) 1oL WiT-7-,
2.2 HFHREBIUVER
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Table 1 Gas chromatographic/Mass spectrometric conditions

Conditions for GC

Column: DB-WAX, 50m X 0.32mm i.d., 1.0um d.f
Precolumn; deactivated fused silica tubing, 1m % 0.25mm i.d,

Column temperature: 35°C{(5min)— 10°C/min—160°C—25°C/min— 240°C(6min)
Injector temperature: 240°C, Carrier gas: He, 1.2 ml/min
Injection method: Splitless {(2min for purge—off time)

Conditions for MS
lonization method: EI, lon source temperature: 230°C

3. EBIUER
3.1 BEROHTRECRERVCEE IEEORE

B DALY TR IGHE 1 pg/1LAT TH D= O ARBRO BAER M TR0 05 /1 L BEL. B
PR TR £ 72 37 DD G CH T ADBHTEITARV, RICT 7 A4 25— OFHE, BN, B E
UBUEK DR E R Lz, TOER, HirofRME2E2E LT T2, ERAE) BRI ENBShatn,

3.2 RBUK. K, HEARR G LEHEAKE B - 8 FRinE R S5

WK, AR, KR OV HEA (pH 2 7.7, COD:6. Tmg/1, SS:8mg/1) i #HEBME %0, 1~10 u g/1EM
LCEME B AT 7=, #iR%&Table 2 (I3 903, BETRIEOORSD, MDL& 3 2 &, 1,4~ %Y, 7 U
NFNa—, NN-PAFARL AT 2 FEROCEEREDF L FTORBERSELNE, T7/-. HHLE
77 AN DEEERL 0.5 1EFERINIWNED, THEAD L SR~ M) v 2 25250
BRI L0 EREICEES 50O Cik E BEbhin, SRV L~ o TR G 2 g/ LR
H) Tk, BICRERCERTEZ 2 Edbinots,

E, REBMERIFICIERICEE QBN o 2 DA FILANRIF T K, 7B [ YL mE R4 2 O B
Lice Elo, TIATAZ—NE2-A P X my ) liE, Z7 A3 —RBFEOTF L2 L THRIBERTE
N, FORBREZITEMEEL2TnD, WA, #iKRFOEC) o RUTEBHARBO A F LY T,
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FINEN SR I AW AR R OMEA ST, 7 a— L) D UENREA ng/ 1~ ug/1D VS0
TREENTEY, IR oOWEITKBETICE{FEL TV LHEESND,

AR DR T IRE L &0 DM TIERDSTIEIC A TERWVA, AROPrikiL 1) EHEZ AT LPR{E
YGRS E S LB L Lz, 2) FELRARERLER LRV, 3) 4Mrboar¥yIix—Tazr%
ST, R EDERHE A TR Y AKPOKEEERSHEOSITEE LTESERTE EEZLNRD,

Table 2 Overall recoveries (%) and Method Detection Limits (MDL) of the target compounds
from spiked water samples

Recovery (RSD), % MDI:]
Compounds - Hel
Bottled River water Seawater Effluent Bottled
Water {n=6) (n=4) (n=4) (n=6) water
2-Propanol 101 (9.7 90.4 (3.1) 98.3(4.2) 84.0(19.2) 1.7
Methyl Acrylate 876(7.1) 96.2 (4.8} 920 (4.5) 88.2(7.0) 0.02
Methacrylonitrile 100 (4.9) 948 (5.1) 81.8 (7.5 79.1 (6.7) 0.02
Ethyl Acrylate 86.4 (12.9) 95.5 (16.0) 86.3 ( 5.6) 92.9(9.9) 0.04
Acrylonitrile 119 (3.4) 95.7 ( 6.0) 99.8 (6.2) 106 (1.9 0.01
Acetonitrile 87.8(5.8) N.M. N.M. N.M. 0.86
1-Propanol 101 (2.4 102 (7.7) 104 (1.4) 97.9 (8.1) 0.08
1,4-Dioxane 106 ( 4.6) 99.8 ( 2.9) 99.3(24) 97.4 (4.1) 0.82
Allyl Alcohol 207 (1.6) 150 (6.7) 105 (7.9 114 (4.5) 0.05
1-Buthanol 90.3 ( 6.6) 91.0(44) 96.1 ( 1.7) 96.8 ( 4.1) 0.20
Buthyl Acrylate 86.3 (14.4) 130 (22.7) 96.4 (17.0) 112 {13.4) 0.005
2-Metoxyethanol 131 {9.3) 637 (54.6) 432 (55.7) 73.6 (21.1) 21
Pyridine 92.2{13.6) N.C. N.C. 102 (1.6) 0.04
Epichlorchydrin 85.9 ( 8.8) 22.9(4.7) 90.1 (6.7) 92.2(28) 0.25
2-Etoxyethanol 81.3(6.3) 105 (6.0) 95.8 ( 8.4) 805 (2.7 0.86
2-Methyl Pyridine 103 (6.6) 886 (34 90.3 {(10.0) N.C. 0.02
3—Methyl Pyridine 114 {69 86.7 ( 3.3) 78.0 (10.9) N.C. 0.03
4-Methy! Pyridine 115 {7.2) 89.3 (3.7) 834 (9.4 N.C. 0.03
2-Metoxyethyl Acetate 96.9 (6.8) 78.5 (10.2) 81.7 ( 5.1) 958 (11.4) 0.02
2-Etoxyethyl Acetate 97.2 (10.3) 7.5(74) 89.8 (11.4) 126 (8.4) 0.03
Allyl Glycidyl Ether 108 (9.5) 92.1(2.7) 93.6 (11.9) 852 ( 3.4) 0.35
N.N-Dimethylformamide 82.2 ( 6.6) 80.2 ( 3.6) 82.7 (4.5) 83.4 (5.7 0.91
2-Butoxyethanol 92.3(5.6) 81.1(28) 86.9 (7.8) 94.7 ( 5.6) 0.02
Dimethylsulfoxide
2-Hydroxyethyl Acrylate 719(64) 65.5 ( 3.5) 73.2 ( 6.0) 84.9 ( 6.5) 0.77

Adiponitrile

N.M. ; Not measurement , N.C.: Not calculate

[£&%30k)
1) FLEaFadk, e, Aitsek, EMEX o475, Vol.45, ppl013-1018 (1996)
2) Kiwao Kadokami, Minoru Koga and Akira Otuki : Anal. Sei. Vol.6, pp843-849 (1990)
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Introduction
In response to PCB pollution issues, the Law Concerning the Examination and Regulation of Manufacture,
etc. of Chemical Substances (TSCA) was enacted in 1973. In line with this law, the Ministry of
Environment (ME) has been conducting successive investigations since 1974 examining the levels of
chemicals in the environment. Results of these projects have facilitated to prevent the expansion of toxic
chemical pollution to date. These investigations have been carried out in cooperation with local
governments, who have also conducted surveys of chemical contaminants in their constituencies. In this
paper we report on the surveys of chemicals in the environment conducted by ME and Kitakyushu City, on
behalf of other local governments in Japan.

National Survey by the Ministry of Environment Japan "
General Inspection Survey of Chemicals on Environmental Safety
ME prioritized 1145

chemicals and subsequently Table 1 The number and proportion of chemicals detected in
surveyed levels of 20 environmental surveys from 1974 to 1999
different chemicals in the Water | Sediments | Fishes | Air | Total
environment each year. Chemicals Surveyed 752 729 238 224 | 782
Between 1974 and 1999, Chemicals Detected 144 229 98 140 | 322
levels of 782 chemicals were Detection ratio, % 19.1 314 412 | 625 | 41.2
examined in water, bottom 12
sediment, fish and air =

l A ftl .Eﬂ 1 e o e SO,
samples. A summary of the g —O— Tokyo Bay ‘
results is listed in Table I. g 0g A —8— Osaka Bay ‘___
Wildlife Monitoring 2 -/ ‘.' “A- a - - % - - Seto Inland Sea T
[n order to assess the 2 06 |- bl : e o
impact of pollution caused 5
by persistent chemicals, g 0.4
such as organochlorine § 02
pesticides and PCBs, S L
wildlife monitoring has 0 — — — S
been conducted annually Br2E3IB25883383328 8358

RERELR P L8885 8R2 88

since 1978. At present, 24

) _ Year (3 i

chemicals in 12 areas have . e.:ar (3 years moving average)

Fig. I Annual changes in PCB concentration in fish, Lateolabrax
Japonicus in Tokyo Bay, Osaka Bay and the Seto Inland Sea

between 1978 and 1999,

been targeted. Organisms
surveyed were mainly
aquatic: 8 fishes, 2
shellfishes and 2 birds. As an example of the pattemns found, the concentration of PCBs in the fish



Lateolabrax japonicus, collected from 3 areas, gradually decreased throughout the '80s, but did not change
further during the '90s (Fig. 1).

Monitoring of Water and Bottom Sediments

Twenty chemicals in water and bottom sediment samples, determined by GC/MS, have been monitored
annually since 1991 in order to further assess the persistence of organochlorine pesticides and PCB’s in the
aquatic environment. The chemicals targeted and areas monitored differed slightly from those in the wildlife
monitoring. ME was able to characterize the chemical pollution in the sediments of each area, but
insufficient detection limits prevented the characterization of water pollution between areas and over time.
Thus, at present ME is revising the monitoring methods and list of chemicals targeted.

Other Surveys

In addition to the surveys mentioned above, 3 other surveys have been conducted: Investigation and Survey
of Designated Chemicals etc., Survey for Organotin Compounds and Follow-up Survey of the Situation of
Pollution by Unintentionally Formed Chemicals (FSSPUFC). In the FSSPUFC conducted in 2000 for
brominated dioxins, 2,3,7,8-T4BrDF was found in sediments from 3 areas, including Kitakyushu City.
QOutcomes of Surveys Conducted So Far

Based on the results of the surveys, ME has amended TSCA several times to date (Table 2). Additionally,
through involvement in the surveys, local government laboratories have improved their ability to analyze
and detect chemical pollutants.

Table 2 Main results of the surveys used for preventing the expansion of pollution

Name of survey Year surveyed Substance

Trichloroethylene,

General inspection survey 1974-1983 Tetrachloroethylene
Carbon tetrachloride

Ge:ner.al mspe.ctu?n survey 1981 and 1982 Chlordane

Wildlife monitoring 1983 - present

General inspection survey 1983 and 1984

Wildlife monitoring 1985 - present Tributyltin compounds

Investigation and survey of designated chemicals | 1988 - present

foner.al mspelctlc?n survey 1988 Triphenyltin compounds

Wildlife monitoring 1989 - present

Follow-up survey of the pollution by

i i : - 1997 Dioxi
unintentionally formed chemicals 1985 1oXins

Environmental Survey in Coastal Seas around Kitakyushu City

We have developed an analytical method * capable of simultaneously determining 285 semi-volatile and
hydrophobic chemicals that were selected from chemicals detected in Japan or those regulated by
environmental protection laws. We used this method to investigate the level of chemical contamination in
the coastal seas around Kitakyushu City from 1994 to 1996 *). In addition we tried to estimate the potential
risk of the detected chemicals to marine organisms.

Sample Collection

Sampling was conducted at 18 points within 4 areas: Dokai Bay, Hibiki Sea, Kanmon Strait and Suoh Sea
(Fig.2). Monthly samples were collected at D1, D3, H2 and S3, while all other points were sampled twice
a year (Fig. 2).



Outline of Chemical Pollution at Each Sampling Point
In total, 180 out of the 285 target chemicals were detected. The maximum number of chemicals detected at
one point was 103 at D3 in Dokai Bay. This site was within an enclosed bay, surrounded by many iron
works and chemical factories. Conversely, H2 in the Hibiki Sea had only 6 detectable chemicals. Mean of
total concentrations, excluding phthalates, ranged from 0.20 to 5.3 pg/l. In addition to the high number of
chemicals detected in Dokai Bay, concentrations were also much higher than in other areas, particularly for
raw materials and intermediates of chemical syntheses such as polyaromatic hydrocarbons (PAH) and
aromatic amines. These high concentrations probably result from proximity to chemical factories and a
sewage treatment plant, with increasing concentrations observed nearer to the factories. Pesticide
concentrations in Suoh Sea were higher than in other areas, probably due to runoff from surrounding rural

land with active rice
cultivation. Conversely,
chemical concentrations
within the Hibiki Sea,

remote from industrial

areas, were less than 0.50
pg/l; the lowest total
concentration (0.24 pg/l,
including phthalates) was
recorded at H5, 7 km away
from the coastal line of
Kitakyushu City.

Estimating Risk of
Detected Chemicals to
Marine Organisms

The effects of the detected
chemicals on aquatic organisms
were estimated by the quotient

method, in which the
environmental concentration (EC)
is divided by some toxicological
benchmark concentration (TBC)
such as a no-observed-effect
concentration. If the quotient (Q)
is greater than one, a toxic effect is
expected to occur, The toxicity
limits used in this study were
based on the Clean Water Act
(CWA), the Pesticide Manual
(PM), Chemicals in The
Environment (CE) and Water
Quality Standards for Fisheries
(WQSF). However the TBC for
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Fig. 2 Location of survey area and sampling points. Stars denote
location of monthly samples, while all other points were sampled
twice a year.

Table 3 Chemicals with high ecological risks (maximum and mean

Q-values),

No Compound Maximum Mean TBC, pg/l
1 Benzo(a)pyrene (B(a)P) 11.57 2.71 0.010
2 Chlorpyrifos 1.82 1.82  0.002
3 Fenitrothion (MEP) 1.30 0.78  0.001
4 B-Hexachlorocyclohexane (B-HCH) 0.65 0.29  0.010
5 Di(2-ethylhexyl) phthalate 2.46 0.28 0.034
6 Carbaryl (NAC) 0.23 0.23 40
7 Di-n-butyl phthalate 3.61 021 0.060
g Butyl benzy! phthalate 0.18 0.11 3.0
9 &-Hexachlorocyclohexane (8-HCH) 0.15 0.10 3.0
10 o-Hexachlorocyclohexane (o-HCH) 0.21 0.09  0.034

only 109 of the 180 detected chemicals could be determined. An elaboration of the quotient method
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involves the application of factors to TBC to account for extrapolations and uncertainties. We used a factor
of 0.1 for both the variation in species sensitivity (SS) and the acute/chronic extrapolation (A/C). The acute
TBC was thus calculated as follows: acute toxicity in the marine environment from CWA multiplied by the
A/C factor of 0.1; acute toxicity from PM and CE multiplied by both SS and A/C factors of 0.1; and the
no-observed-effect concentration for Daphnia multiplied by the SS factor of 0.1. We used the unmodified
chronic toxicity in the marine environment from CWA and standards from WQSF as the chronic TBC.
Table 3 lists 10 chemicals with high ecological risks in order of Q values, with B(a)P having the highest Q
value. As there are many other PAHs, in addition to PAHs examined in this survey, in the effluents
of coke oven facilities that are the main source of PAHs, the ecological risks of PAHs are likely to
be higher than the estimated value.
Estimating The Total Ecological Risk to Marine Organisms
Ecological risk (ER) at a particular site is defined as the sum of Q on the supposition that there are neither
antagonistic nor synergistic effects.

ER = Z(ECi/TBCi) = ZQi,
where ECi is the mean concentration of a chemical (i) not including data values below detection limits;
TBCi is TBC of a chemical (i). The ER of each sampling location is listed in Table 4. Dokai Bay, in
particular the inner most part of the bay, showed the highest ecological risk. This finding agrees with the
results of the biological survey reported by Kajiwara e a/. ® in which the activity of benthos living in the
inner part of Dokai Bay was lower than that in -

other areas. It should be noted that 71 Table 4 Ecological risk (ER) at each sampling location
chemicalsfor which there were no TBC data, Sampling location DI D2 D3 D4
including halogenated compounds and PAHs, are ER 1.89 0.78 8.89 6.98
predicted to have relatively high ERs due to their Sampling location Ki K2 K3 K4 K>
chemical structures. WQSF suggests that ER < 1

is desirable for aquaticgrganis?fs. Thus, many. =R 098 138 08 040 0%
coastal areas around Kitakyushu City are not Sampling location HI H2 H3 H4 H5
suitable for aquatic organisms due to chemical _ER 128 1.00 147 040 042
pollution (Table 4). In order to improve water Sampling location SI S22 S3 sS4
quality for aquatic organisms, high priority must ER 245 0.08 245 030

be given to reducing emission and consumption
of chemicals with high ecological risks.
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