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Table 1

Analytical conditions

Sampling tube

Sampling tube

Tenax-TA tube (Gerstel), 6mm i.d.,180mg

conditioning Nitorogen gas, 300°C, 8h

keeping Metallic desicator (wth activated carbon)
Thermal Dry purge condition He, 40°C, 10mins
desorption Desorb temperature  40°C(1.5min)-60°C/min-300°C(5min)

(Gerstel TDS-2)

Gas-chromatograp
hy
(Agilent 8890N)

He, 40ml/min
Trap temp. —150°C,desorb temp. 300°C(10mins)
Trap temp. 0°C, desorb temp. 300°C(10mins)

HP-5ms, 0.25pmfilm thickness, 0.25mm i.d., 30m long
100°C(14ming)-40°Cimin-220°C-2°C/min-245°C{Lmin)
-40°C/min-310°C(3mins)

He, 1.2ml/min

Desorb gas
Cryo-focussing 1
Cryo-focussing 2
Column

Oven temperature

Carrier gas

Mass Ion source temp. 250°C
spectrometry Monitoring mode SIM, dwell time 120ms/ch
(Agilent 5973N) Monitoring ion m/z 342 for 1,2,4,6,8-PeCDF, miz 364

for13C-1,2,3,7,8-PeCDF

PeCDF BHMMED GC/MS A ZRE L LTI, FESKOSBIZ DWW THRE Lz, RIK» 5 OEMEHE
% Tenax-TAMEEBIHRML, GCr7ue b VS A LOEREMEDSFHRAERIE LEZ. TOFHER, Tablel i
MY GCRMET, BETHBEKROEFAMDF 14 %> LS (JISTR) KRENT W3 PeCDF @4 FEH
CHEVWAENELNRE. TOMMFEET MM Tenax-TAEBO R4 R—VHEBH»SEEH 60 3 TH -
o

3.2 MUESRRUEERHER

3

1,2,4,6,8-PeCDF F2HE %, WIMEH 1-100pg IR B L5l 2 0S W VU EHNWT Tenax-TA HHEE
L, RO ABRCE TR L=, TORES Table2 iIZRY,

1,2,4,6,8-PeCDF Dt i} 1-100pg DA T, MHEKHEK 0999 U L& RIFLEMHREETR LUE. £, &R
EICBU2HNBERBRRRAOBHFEL 6.7% L., ISETREIRTVWEZZ4FUTD 5BUAICEA
LRI ELOO.ERETAARETEHE -
.l DEHRFEIIBITZERTDRRF

Table 2 Result of calibration curve

FzITtEHZhE 0843 25EAWS ;ﬁiit:lzn fzzlgsl:;sepggz‘e 18 Peak ratic RRF
Uk £k MERERAOREER (pg)
5 AW (1 pR) DR D 3 L HIE DS R 1 1122 18595  0.083  0.825
&, WEMHBEREZHEHLEE 3 0.1pg 5183 13111 0.395 0.791
rho i, 10 9296 11588 ¢.802 0.802
Bisowce wravomen % mm hm o dw ow
[ ¥ 1,2,4,6,8-PeCDF 8 12 DWW T i, & Avorage 0.843
DAD &5 RBERDD 2, Standard deviation 0.056
TEQ ® o ( ne-TEQ/m* )

Coefficient of variation (%) 6.7

=1.94%1,2,4,6,9-PeCDF & (hg/m?)
Zhbhsd, HIEMRETRME 0.0Ing-TEQ/m* & L&, BRah 3 1,2,4,6,8-PeCDF ORI,

0.005ng/m® %0, BERMICEHANZAE L 7Y v FThid, BEOHMURAEERTSS I L&k
LTV,
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b eEdAal, £, FYES VD22 HVWESSH GC L GC/MS-SIM BHEZAWT. BikEa02
BtEMHREOR LA, RIFREREBEZOTHRET 3,
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HERNEAE . KSE— A%HEE 1000 L % PS-2 Sep PAKT™ #— + 1) w2 0.8 L/ O F it 7 24 W8
THEE, BEREAE 2mL O 2- 70N —VTEEHBLE. AE— KBEHERH 500mL # 6 M EBT pH 3 IZ7
L, ¥200A %2 100mL ¢ 2EME LR, KD-BHST 2ml £ TEHE L L. #HEEIIC 2-70 9. —)1 5mL
EMZ, BE2mLICRBELE. ER— KEE 10g GBE) £ 0.1M XKEbF MU DL XS/ —VEH 50mL
T2EIRESIME LR BEHBICEZEAKS00mL ME, Y2004 4% 2 50mL 2RHWTHRELEE, fidokE
ke FROBRIERITo . _

M : AR PFBB 3 2mL B UREEHS ) Y A 3mg 20X %, 80°CT 30 AMEIS X 8=, 15 2/
EWRTHE L%, AEK30mL BINZ, ~FH2 CHlHE ImL IS\ L L.

GC/MS 2#F : ¥ Automass 20 (JEOL), # 5 A DB-5ms (80m X0.25mm, 0.25um). HEADRE 250°C,
F—TIRE 50°C (2 2) - 10°C/4r-»250°C(3 43), SIM =& — 4 4> m/z 308(for monochloro-), m/z 342(for
dichlore-), m/z 2352(for monocbromo-), FEH [FH] 7z F > ML >

SY—2Fw7 : GCMS-SIM SN THEEY -V HPBREINEERERE. PVAFVAZAILEZ 7Y —2 7Yy
TEToR, BEE, REIMm o707 MEE A5 M5 2 BAFTHE LA ALEBR2AT L, ~F
v 20mL TEEER 10%Z—FNVEF~F Y 20mL THEHBH L=,
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OBERNEDPoED NS UVEFORRNBICHEARL ETOMETHREINE. m/z 181 &, FEAKL
REPZOFAMYLLEIRBETLED, ERLEIAFAI AV ERAVWE, ZOHE, 50pg EMEBOFEARICLED
53, SIMZUR b ZATE. ECOHEMEAEZHL. T—0 0 VORVWEANEORFAY — 7 H{G5
i,

1) . . + l l h miz J64
J, K L
-CHz2 F miz 352
‘ Q Ju| ‘

é Iy l A A ﬂ miz §44

§ ’ Df[ E' FH Gﬂ HI n I iz 342

A] l n ' miz 310

M+

AJ Bj |C miz J08
Bl EEAEPOTARSY L OH B2 np¥Fobzz/—-NOS8IMyPoe 34 (EAR: & 50pg)
(2-#om¥x/—)PFBB) A: 2CP, B: 3CP, C: 4CP, D: 26DCP, E: 25DCP, F: 24DCP,

G: 35DCP, H: 23DCP, I: 34DCP, J: 2BP, K: 3BP, L: 4BP

RIEEH : RBEICEITS PFBB tORnEE#E{LT 278,

ISR & RIS EDBBERFA LE. M3ERT LI, £2TD
WEZ BT, 30 HO ISR TRAMEDEG S h i, —-zmnee
AEEHOMBE : PS28ep PAK h— bV wlltLanpyy £ e boe
b7 x/—WOMEENEMAT L LD, BERR2HWERE 2 . Sanor
RBRETo%. 3 EDH—FY vy DML, 2 BHOA— }Y "l
w100 ng OO L7 2 /=) EFML, K5 % 1000L

B UF 2000L I3[ Lo 20 & & QKSR O T2 &R K O H 0w T T s e e
[ L% 4 22°C B UK 48% T B o 7= . 10001 K TF 20001 DI ¢ it Reaction timofnin
Ny Py ZOA—b )oY (3EE) penal bz — B3 RIGERHOEE

idgiahadb ok, £ 2EBREOL— MY vV L0ORKRKL, 2TOPWET6 UL LTCH =, LD
ERP L, PS28Sep PAK -+ ) w P LD 2000L F TORKAMEBIETRETH D e BTENIE,
AREHHBCEFZpHOBR @ Y/DOAS L2 7 2/ — VEOME CEAAEREEO pH B EET 2,
FCT. BEKCNDY b7 2 —EHEBREERML, 6 M EBECOM KBS MU Y ABEBEHNT
pH 24 b8 EDRIREADEELHELE. ZOHER, pHI 2T OHBHAMN T IOOA Y VEILE
ffLk. £k, pHI0 OIEEMTCES /oo A Y iz {Midhinizs, O pH T¥ron iy itk
ZdEHARER I L TREhE,

RHEBR @ MEROREHEE (0.02 ppm) OHDVELNEDPSHPBRZEHE LE, FOHERE. MERRE.
KEH 0.0033 - 0.0073 pg/m?, KEREH 0.0066 — 0.0147 pg/L, EEFHEH 0.33 — 0.73 pgke TH b, B
HEPDO7 2 /- VHZSRTH LT THAMECE BRI TEE,

EEBEBOAERBIRER  MHEHCHMHIRAD 10 FREOREIC RIS IFEML, BRHRETo L. £
DR, FREDBEDTENE 90% R UMHAIFERRBE 10% U FORFRERMEBONE, T, BERNOEEHR
Hhoropore /) —h58-92uegke wet DIEERETHE I,

<3 Fh>

1) Yoshifumi HANADA, et al., Application of Pentafluorobenzyl Bromide Derivatization Method in Gas
Chromatography/Mass Spectrometry of Trace Levels of Halogenated Phenols in Air, Wtaer and Sediment
Samples, ANALYTICAL SCIENCES, 18, 655-659 (2002).
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L3I0, E55DBEMKENS O=N RZ/C'O + HaN-NH NOz —» /CzN‘NHQNOR
EORRDED, syn-, anti-0 B k2

BHEES D, TOED, TP URY

DESETNFNEORERSECE Ry F__F A1 F__F

& (RI=R2) £RE, Sh60MI  Noog HgN-O—CHz@F — \C:N-o-cm@F
DFRYEEMIE. GC 20T T IL pe Ro

t 2RO -V EELS, SEOE F F F F

BRTHE L L C,~Com 16 D H v PFBOA
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CITRZ7O0MNAFGLERSTIAY (MHY) 2N—AY— 2 LT 38k AART P ADESRE, T,
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Fig.2 El and positive-Cl mass spectra of hexanal-PFBOA derivative
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Table 1 Carbonyl compounds found in real air sample

Compounds Rational formula Compounds Rational formula
Formaldehyde HCHO 3-Pentanone CeI1sCOC:2Hs
Acetaldehyde CH:CHO 2-Hexanone C4qHsCOCHa
Butanal CsH:CHO 3-Hexanone CaH7COC2Hs
Pentanal C4HsCHOC Hexene-2-one CaH7COCHs
2-Pentanone CsH-COCHs Hexadiene-2-one CaHsCOCHa
51 sChik)
1. Cleveland, W. 8., Graedel, T. E. and Kleiner, B., Urban formaldehyde’ cbserved correlation with source
emission and photochemistry, A¢mos. Environ., 11, 357-360 (1977).
2. HNG—, BB, SHE Sy INOIFRICEILEFEFERSFFI PN 2y IND ABEADRE I
BOEMIZO>VWT, EESHEAEXRLEPH RN ERRE, FEY 74— L -HRUBTEL V-, K
K, 2001, pp.95-1583.
3. Budzikiewicz, H., Djerassi, C. and Williams, D. H., “F&EESH DO T2 PV BBEANVRZNE
MR, A, EHIE®E BR, A%, IR, 1978, pp.367-408.
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ZA)V 3 3E8 SPB2331 RUUFPY L Y b F 2B Y —( B DB-17. 2 7S F RV EZLE 7 =
ZN (Co-PCB) DI 2N TIX. SGER D HT-8 DX+ ¥ ) —Hh 5 LW, GC/MS
2l HAEF O IMST700 2 B,

3 MRLER

(1) £#HE%E(TEQD FHHIZ >\ T
TR 13 FEOLANMABOBREAROS A A X U HoL#EFR(TEQ . £
0.16pg-TEQ/m’> C& b . TRETHHE(H(0.6pg-TEQ/m) B MR LT W5, F/=, THhiX2EEYE
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(2) Co-PCB B3 DMK Y — iz T

Fig.2 {2, Co-PCB D& B KD
WEERPRT.. TNV
Co-PCB ICDWTId., #118 L #105
DEEFPFIZIEVWEHEESI P .
INBHIEDOWTIEEEHE N RE D
DHb, SA.8 T, LD
AT U THENZP -2,
Fh /TN Co-PCBD S B,
#77,#126,#169 O 3 > D BRI
DWTEBLREFRELUER. £0
Fehstgida 7:4:1 &b, HEHRE
BERETHIVATF2 VK
EAGTACY (R L AT R N
PP LTNWB I EDabho
o PO H s, JLhMETD

3.4,4.5-TeCB (#81)
3,3',4,4'-TeCB (#77)
3,3,4,4',5-PeCB (#126)
3,34,4',5,5-HxCB (#169)
2,3,4,4',5-PeCB (#123)
2,3,4,4' 5-PeCB (#118)
2,3,3' 4,4'-PeCB (#105)
2,3,4,4',5-PeCB (#114)
2,3,44',5,5-HxCB (#167)
2,3,3,4,4',5-HxCB (#156)
2,3,3,4,4',5-HxCB (#157)
2,3,3',4,4',5,5-HpCB (#189)
2,2,3,4,4',5,5-HpCB (#180)
2,2,3,34,4,5-HpCB (#170)
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Fig.2 Average concentration of Co-PCB isomer
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Pollution of Coastal Water by Man-made Chemicals

Kiwao Kadokami, Daisuke Jinya
Tomomi Iwamura (Construction Bureau)

Ryota Shinohara, Minoru Koga(Prefectural University of Kumamoto)

ABSTRACT

A study was carried out to elucidate the pollution by 285 chemicals
in coastal waters around an industrial area. Japan and estimate their
effects on aquatic organisms. The total number of chemicals
detected was 180, and the mean concentration of each lacation
ranged from 0.24 to 13.8 pg/t. The risk of the detected chemicals to
marine organisms was calculated by the quotient method; the
division of a concentration by an end points such as a no-observed-
effect concentration. Polycyclic aromatic hydrocarbons  and
pesticides contributed the most in the assessment. The quotient
values were as high as toxic effects are expected to occur.

KEY WORDS: Gas chromatography/mass spectrometry;
simultaneous analysis; chemicals; environmental survey; coastal
water; ecological risk; quotient method.

INTRODUCTION

The Environment Agency, Japan (EAJ, the former organization of
The Ministry of Environment) has been carrying out nationwide
environmental surveys on synthetic chemicals, since environmental
pollution by PCB and organochlorine pesticides was found, They
had already surveyed 782 kinds of chemicals up until 1999 and had
detected 322 chemicals from environmental media; water, bottom
sediments and air (EAJ, 1977 to 2000). We have cooperated with
EAJ in doing the survey since 1974 and have detected several dozen
chemicals in seawater. However, it was difficult to evaluate the
whole environmental condition, because the number of chemicals
was limited because of the restriction of the analytical methods.
Thus, in order to know the complete conditions at present, we have
developed an analytical method (Kadokami, Sato, Hanada,
Shinohara, Koga, and Shiraishi, 1995a; Kadokami, Sato, Koga. and
Shinohara, 1995b) which can simultaneously determine 285
compounds in a water sample.

It is known that fish and shellfish in the Seto Inland Sea, which is
one of the most rich seas in terms of fishery resources in Japan, has
been decreasing (Montani, 1996). The annual catch amounis of fish
in 1982 reached a maximum of 320,000 tons, but it decreased to
190,000 tons in 1992. Shelifish also decreased from 120,000 tons in
1972 to 13,000 tons in 1992. This situation is the same as in
Kitakyushu City {(KCO, 1996) which is located on the west of the
Seto Inland Sea. We considered that the adverse effects of
chemicals could be one of the causes for the decrease. The purposes
of the study are the following: (a) to elucidate the chemical
pollution in coastal waters around Kitakyushu City: (b) to estimate

ISOPE-2002 (Kitakyushu) 2002, May

emission sources of chemicals detected; and (c) to estimate the
ecological risk of detected chemicals to aquatic organisms.

EXPERIMENTAL SECTION

Description of Study Area

The location of the survey arca and 18 sampling locations are
shown in Fig. 1. The mean CODy, value in the survey period and
the depth of each location are also shown in Fig. 1. The population
of Kitakyushu City and Shimonoseki City are 1.050,000 and
256,000. Kitakyushu is known as a heavy industrial city. The annual
gross product of the manufacturing industry in Kitakyushu City was
987 biilion yen in 1994; the steel industry and chemical industry
were 662 and 162 billion yen (KCO, 1996), respectively. Most
heavy industry and chemical factorics are located along the coast,
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Fig. 1. Location of survey area and sampling locations,
Samples were taken at 4 asterisk locations every month and
were taken twice at 14 black circles from April 1995 to March
1996, Figures by each sampling location are the mean CODyy,
during the survey period and the depth.

particularly around Dokai Bay, 13 km length and 0.7 km width. It is
known through our previous studies that Dokai Bay has been
heavily pofluted with nutrients (Ueda, Tsutsumi, Yamada,
Takeuchi, and Kido, 1994) and chemicals (EAJ. 1977 to 1995;
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Uchimura, Ishikawa, Shinohara, and Kido, 1990). Hibiki Sea is a
part of the Japan Sea and its CODy,, value is the lowest among the
surveyed area. Suoh Sea is located on the west of the Seto Inland
Sea., The Such Sea has a wide tidal flat coast. The land facing the
Suoh Sea is a rural area, and rice planting is extensive. Kanmon
Strait connects the Hibiki Sea and the Suoh Sea. The distance of the
narrowest point is only 0.8 km. In 1995, 74,704 ships, including
8.257 with more than 100 mcasurement tons, sailed into Kitakyushu
City (KCO, 1996),

Sample Collection

During the survey period, April 1995 to March 1996, surface water
samples for simultaneous analysis were collected every month at 4
locations (D1, D3, H2, 83), shown in Fig. 1. and twice, August
1995 and February 1996, at the other 14 lgcations.

Preparation and GC/MS Analysis for 285 Chemicals

The 285 target chemicals are summarized in Table 1. The targets
consist of chemicals that are regulated by laws relative to
environmental protection in Japan or the USA and chemicals
detected in the nationwide surveys (EAJ, 1977 to 1994). Thiny of
endocrine disrupting chemicals (Kadokami, 1997} are included in
the targets. Analysis of the chemicals was carried out according to
the method that we developed (Kadokami, Sato, Hanada, Shinohara,
Koga, and Shiraishi, 1995a; Kadokami, Sato, Koga, and Shinohara,
1995b), with some modifications of extraction conditions: reduction
of volume of both samples and extraction solvent, and adjustment of
pH of samples at 7.0. The recoveries, precision and detection limits
of each chemical are shown in the previous papers (Kadokami,
Sato, Hanada, Shinohara, Koga, and Shiraishi, 1995a; Kadokami,
Hinya, I[wamura, and Tanizaki, 1998).

Table 1. Summary of the targel chemicals and the chemicals
detected

Compound Compound Number
Aliphatic compounds 25 (2D
Compounds consisting of Benzenes 16 (11}
CH Polyaromatic compounds 43 (34)
Others 4(2)
Ethers 8 {4
- Ketones 5(5)
g?'{ncl)pounds consisting of Phenols 33 (16)
Phthalates 9(9
Others 8(3)
Aromatic amines 36021
. Quinoline 1{
g:[rr;]p(ogslds consisting of Nitro compounds 19 (14)
Nitrosoamines 3(0)
Others |
Compounds consisting of 7(5)
CHS (NO)
g?_;;p(?\?ggi consisting of Phosphoric esters 6(4)
Insecticides 36(1D)
Pesticides Herbicides 20(9
Fungicides 16 (7)
Total 285 (180)

Parentheses show the number of chemicals detected,

Two hundred and fifty mililiters of sample water was used for
analysis. Before being extracted with dichloromethane, 13 g of

sodium chloride, a 2M phosphorus buffer (pH 7.0) and a mixed
surrogate solution, which is used for confirming recoveries, were
added to the sample. Extraction was carried oul twice with
dichloromethane (30 ml, 20 ml), using a mechanical shaker for 10
min each. Each extract was combined and dehydrated with
anhydrous sodium sulfate. and concentrated to a few milliliters with
a KD concentrator. Hexane (0.3 ml) was added to the concentrate
and re-concentrated to less than 0.5 ml with a micro-snyder column,
Prior to GC/MS measurement. a mixed internal standard solution
was added to the concentrate. Finally, a one-microliter aliquot of the
concentrate was injected into a GC-lon trap MS (Finnigan Mat
ITS40) with an auto-sampler. Method blanks were obtained the
same procedure using water washed twice with dichloromethane.

RESULTS AND DISCUSSION

Contamination Level at Each Sampling Location

The total number of chemicals detected reached 180 out of 283
target chemicals (Table 1). The maximum number of chemicals
detected was 103 at D3 in January 1996, and the minimum number
was 6 at H2 in March 1996. Fig. 2 shows the mean concentrations
of each compound group classified as Table | at each sampling
location. The concentrations of chemicals, particularly raw
materials and intermediates for chemical syntheses, in Dokai Bay
were much higher than those of the other areas. The cause of these
high concentrations probably is chemical factories and a sewage
treatment plant because the concentrations increased with getting
nearer the factories. Several rivers also flow into the inner part of
the bay and we found relatively high concentrations of pesticides in
the rivers, hence the pesticide concentration is higher than the other
areas. Several heavy industry and chemical factories are located
near K1 and K2, thus these show relatively high concentrations. On
the other hand, concentrations at the sampling locations far from the
industrial arca were less than 0.5 pg/l. The total concentration at
H3. which is 7 km from Kyushu Inland, is the lowest: 0.242 pug/l
including phthalates.

Chemicals Detected at High Concentration Levels

Table 2 lists 10 chemicals detected at high mean concentrations that
are calculated excepl not detecied data. Several phtalates occupied
the top of the list. Frequencies of di(2-ethylhexyl) phthalate,
diheptyl phthalaie and di-n-butyl phthalate that were above 10 pg/l
were 17 times, 3 times and once, respectively. High concentrations
of diheptyl phthalate and di-n-butyl phthalate were found not only
at the inner part of Dokai Bay. but at other coastal areas. Such high
concentrations were not frequently found, though this finding shows
that the coaslal area was polluted by them in spite of their readily
biodegradable properties (FED, 1989a; FED, 1989b). In addition to
their vast production amounts, 290,000 tons of di(2-ethylhexyl}
phthalate and 7,500 tons of dihepty] phthalate in Japan in 1994 (CD.
1996). the cause of the high concentrations was that they are easily
released into the aquatic environment through all kinds of effluents.
Although 24-dinitroaniling, N-ethylaniline, 2.4.6-trichlorophenol
and 1.3-dichloro-2-propanol had not been detected in the past
nationwide survey by EAJ (EAJ, 1977 to 1995), they were detected
in our survey, particularly at the inner part of Dokai Bay. High
concentrations of dimethylsulfone were observed at D3 and D4 in
Dokai Bay throughout the year. It is known that dimetylsulfone is
formed by oxidation of dimethyl sulfide which is produced by
microorganisms and algac (HSDB, 1997). Thus, the cause of the
high concentration of dimethylsulfone is probably organisms.
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Table 2. Chemicals deteeted at high concentration

Concentration,
No Compound _ wel frc[;fll:lfcl:;(.j%
Max  Mean®
1 Di(2-ethyihexyl) phthalate 98 11 44.5
2 Diheptyl phthalate 16 9.9 8.4
3 Di-n-octyl phthalate 6.3 1.6 8.4
4 Dimcthyl sultone 4.4 0.75 19.3
5 Di-n-butyl phthalate 11 0.62 277
6 2.4-Dinitroaniline 0.47 0.35 s
7 Butyl benzyl phthalate 0.35 0.33 1.7
8 N-Ethylaniline 6.0 0.32 397
9 2.4.6-Trichlorophenol 5.7 0.29 429
10 1.3-Dichloro-2-propancl 1.0 0.19 63.9

* Mean concentration was calculated except not detected samples.

Chemicals Detected with a High Frequency

Chemicals detected with a high frequency are listed in Table 3. The
most  [requently  detected compound is  benzothiazole., This
compound is used as a vulcanization-accelerator for rubber products
such as tires. The sources. therefore. seem 1o be automobiles. High
corrclation (r=0.982) of concentralions between carbazole and
diphenylamine indicates common origins. however their origing
were not known., Acenaphihene, acenaphithylene. acetophenone and
nitrobenzene were detected at high concentrations with  high
{requencies in Dokai Bay. because they are used as raw malerials in

chemical industries and are by-products of coke production. 2-
Nitrophenol was detected at all locations with about the same
concenfration. It is reported that 2-nitrophenol is cmitled in
vehicular exhaust gas and is produced by photooxidation of
aromatic hydrocarbons with nitric oxide in air (FED. 1989¢).

Table 3. Chemicals detected with high frequency

Concentration, Lg/]

No Compound Detected

frequency, % Max Mean®
1 Benzothiazole 100 0.65 0.076
2 Carbazole 91.6 0.43 0.014
3 Dimethyl phthalate 88.2 0.58 0.034
4 Acenaphthene 84.0 0.067 0.010
5 LiMctiylihio) 82.4 0085 0012
6 2-Nitrophenol 798 0.17 0.050
7 Accnaphthylene 79.0 0.020 0.0041
8  Acctophenone 78.2 0.29 0.032
9 Nitrobenzene 75.6 1.0 0.13
10 Diphenylamine 74.8 0.94 0.028

* Mean concentration was calculated cxcept not detected samples.

Halogenated chemicals detected with high frequencies are listed
in Table 4. The halogenated chemicals. except for tris(2-
chloroethyl} phosphate. were mainly detected in Dokai Bay,
Uchimura and Shinohara (1988) had surveyed 11 kinds of
chlorobenzenes in coastal walers around Kitakyushu City from
[980 to 1984, and had found dichlorobenzenes (DCBY and
trichlorobenzenes. In this survey the concentration of 1.4-DCB was
higher than that of 1.2-DCB as welfl as that of the results of survey
by EAJ (EAJ 1977 to 1996). However we found a reverse result
particular to Dokai Bay. The difference between 1,2-DCB and 1.4-
DCB increased the closer to the inner part of the bay. The influence
of factorics located at the inner part of the bay probably causes the
difference.

[shikawa, Taketomi. and Shinohara (19835a) had found tris(2-
chloroethyl) phosphate from scawater in the same arca as our
survey and had determined the main cmission sources of
organophosphoric csters (OPEs): effluents from factories and
municipal sewage treatment facilities (Ishikawa, Shigezumi,
Yasuda. and Shigemori, 1985b). In our study. 4 OPEs. including
tris(2-chlorocthyl) phosphate. were found and their concentration
were the same level as it had been 12 years before. Although OPFEs
have the same toxicity as organophosphorus pesticides (Fukushima,
1994). reports on these esters are more infrequent than those on the
pesticides. Further investigation on OPEs is needed.



Table 4. Halogenated chemicals detected with high concentration

Table 5. Pesticides detected with high frequency

Concentration, pg/l

Concentrati . /1
No Compound Detecledo No Compound ncentration, pg Detected
Max Mean*  frequency, % Max Mean*  Irequency. %
1 2,4,6-Trichlorophenol 3.7 0.29 42.86 1 Fenobucarb{(BPMC) 0.074 0.015 58.8
2 1.3-Dichloro-2-propanol 1.0 0.19 63.87 2 Isoprothiolane 0.040 0.010 26.1
3 1,2,4-Trichlorobenzene 0.77 0.096 43.70 3 Flutolanil 0.044 0.009 229
4 1,2-Dichlorobenzene 0.57 0.072 43,70 4 Terbucarb (MBPMC) 0.008 0.003 18.5
5 3.4-Dichloroaniline 0.41 0.057 2521 5 Bromobutide 0.064 0.016 12.6
6 2,6-Dichlorophenol 0.21 0.039 36.13 6 Thiobencarb 0.068 0.015 12.6
7 2.4-Dichlorophenol 0.38 0.039 36,13 5 @-Hexachlorocyelohexane oo 50s 12.6
(o-HCH) ' : '
8 1,4-Dichlorobenzene 0.12 0.035 31.93 . .
2.6-Dichloro-4- 8 ?[}:]—fgllic)momcyc}ohcmnc 0022 0010 76
9 - i 0.114 0.035 2353
rtroaniline 9 Diazinon 0.017  0.006 7.6
10 Tris(2-chloroethyl) 0.131 0.034 56.30
phosphate ) ) ) [0 Fenitrothion (MEP) 0.613 0.008 34

* Mean concentration was calculated except not detected samples.

Pesticides
The number of pesticides detected is 27 out of 72 pesticides (Table
1). Pesticides detected with a high frequency arc listed in Table 5.
Pesticide concentrations were higher during the growing season as
compared with the non-growing season, in particular $3: more than
0.03 pg/t in summer (0.338 pg/l in July 1995) and below 0.01 ug/l
in the other seasons, The herbicide thiobencarb, commonly applied
to paddy fields, was detected in all arcas in July 1995.
Concentrations of the herbicides {simetryn, thiobencarb, melinate,
bromobutide, esprocarb and mefenacet) applied for paddy fields had
high correlations (mean r=0.876) each other. In addition, carbaryl
(insecticide) and ftricyclazole (fungicide) also highly correlated
(mean r=0.858) with these herbicides. From these findings, these
pesticides are used at the same season. On the other hand, though
the correlation between the fungicides flutolanit and isoprothiolane,
also applied to rice, was high (r=0.889), these had low correlations
with other pesticides used for paddy fields. This difference is duc to
difference application time. Other pesticides, terbucarb (MBPMC),
diazinon and fenitrothion (MEP), also had low correlations, because
these use is not for paddy fields. The insecticide fenobucarb is
usually detected in summer at other area in Japan. In this survey,
however, it was detected at all seasons and its concentration
increased the closer to the inner part of Dokai Bay. In addition, a
factory producing pesticides is located at a coast of the inner part of
the bay. Thus fenobucarb seems to be discharged from the factory.
Relatively high concentrations of 1,2,.3,4,5.6-
Hexachlorocyclohexanes (HCHs) were found at the inner parl of
Dokai Bay. HCHs was produced 389.000 tons until the ban on
production 25 years agoe, and had accounted for 90 % of
organochlorine pesticides in Japan (HSDB, 1997). In addition, it
was reported that the insecticides were highly persistent in soil: 4 %
of the applied «-HCH remained in the soil after 15 years (FED,
1991), and B-HCH is the most persisient in soil (HSDB, 1997). We
also detected MCHs in rivers flowing into Dokai Bay. Thus HCHs
detected are leached from soil and flow into the bay through rivers.
However, the concentration was one-tenth of the result of the survey
carried out by Suzuki in 1981 (Suzuki. 1983).

* Mean concentration was calculated except not detected samples.

Estimating Risk of Detected Chemicals to Marine
Organisms

The effects of the detected chemicals on aquatic organisms are
estimated by the quotient method {Yoshioka and Ose. 1993; Suter,
1995, EPA, 1996). The quotient method is the division of the
environmental concentration (EC) by some toxicological
benchmark concentration (TBC) such as a no-obscrved-effect
concentration, If the quotient (Q) is greater than one,

Q=EC/TBC=> 1

then a toxic effect is expected to accur. Since the method is the
simplest quantitative technique for estimating ecological risks, it is
the only assessment method that is used with any frequency. We
obtained foxic data on aquatic organisms from 4 literatures: Clean
Water Act (CWA)} (IRIS, 1997), The Pesticide Manual (PM)
(BCPC, 1997), toxic data published by The Ministry of
Environment (TDME) (ME,
www.env.go.jp/chemi/sesaku/seitaihtml)  and  Water  Quality
Standards for Fishery (WQSF) (NSSHK. 1995). However only 110
chemicals’ TBC could be obtained in the 180 detected chemicals.
An elaboeration of the method applies factors to TBC to account for
extrapolations and uncertainties. We used factors of 0.1 for both
variations in species sensitivity (S8) and the acute/chronic
exirapolation (A/C). We obtained TBC as follows: acute toxicity of
marine in CWA multiplied by A/C’s factor of 0.1; acute toxicity of
PM and of TDME multiplied by both S8’s and A/C’s factors of
0.01; and the no-observed-effect concentration for daphnia
multiplied by 58’s of 0.1. We directly used chronic toxicity of
marine in CWA and standards in WQSF as TBC. Table 6 lists 10
high Q value chemicals in order of Q value. The Q value of
Benzo(a)pyrene {B(a)P) has the largest. Hanada, Ishikawa, Sucta
and Kido (1990} have reported that the sediment of Dokai Bay was
heavily polluted by PAHs, and one of the sources of PAHs was the
effluent from coke oven facilities. Since many kinds of PAHs are
produced during coke production, the risk of PAHs is surely higher
than the estimated value. The chemicals in Table 6 are ubiquitous
compounds or pesticides.



Table 6. Chemicals having high Q value

. Detected
No Compound Max  Mean* frequency, %
1 Benzo(a)pyrene (B(a)P) 1.6 1.44 513
2 Di{2-ethylhexyl) phthalate 1.64 0.09 44.5
3 Fenitrothion (MEP) 1.30 0.12 3.36
B-Hexachlorocyclohexanc
4 (B-FICH) 0.65 0.05 7.56
5 Chlorpyrifos 0.36 0.18 0.84
6 TFenobucarb 0.25 0.03 58.8
7 Carbaryl (NAC) 023 - 0.05 0.834
8 Diheptyl pathalate 0.23 0.05 8.40
a-Hexachlorocyclohexane
9 (@-HCH) 0.2} 0.04 12.6
&-Hexachlorocyclohexane
10 (6-HCH) 0.15 0.03 336

Kitakyushu City is not serious for marine organisms. This
calculation results agree with the results of the biological survey
reported by Kajiwara and Yamada (1997): the activity of benthos
living in the inner part of the bay was lower than that in the other
areas.

Fig. 3 graphs the ER of each chemical group at the 4 locations.
PAHs, pesticides and phthalates occupied almost of the entire
ecological risk; PAI1s were the main chemicals in Dokai Bay. There
are no TBC data on 70 chemicals including PAHs and halogenated
compounds that are predicted to have a relatively high risk due to
their structures. If TBC are obtained for all detected chemicals, the
ER certainly becomes larger. [n order to remedy water quality for
aquatic organisms, a high pricrity must be put on the reduction of
the emission and consumption amounts of chemicals having a high
ecological risk such as PAHs and pesticides.

Table 7. Ecological risk (ER*) at each sampling location

Sampling location D1 D2 D3 D4

* [f any analyte was below the detection limit, half of the detection
limit was used in the calculation of the mean of ecological risk.

Appearance frequency of high Q values is also very important to
evaluate a toxic effect of a chemical. If a high Q value appears only
once for a short period, the effect will be ignored except its
concentration is higher than the concentration that exerls acute
toxicity. Thus we estimated probability that Q value of each
chemical is larger than | at 4 points where samples were taken
every month. Since environmental concentrations of pollutants
usually show skewed distributions, we estimated the probabilities
after transforming the analytical results to logarithmic values. As a
resuft, only B{a)P had more than 1 % of probability; the
probabilities that the Q values of B(a)P at D3 and DI exceed 1
were 96 % and 40 %, respectively, Therefore, some cffects on
marine organisms by B(a)P was suspected to oceur in Dokai Bay.

Estimating The Sum of 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 no antagonistic effects or
synergistic effects.

ER = Z(ECITBC))=2Qi (1)

where ECi is the mean concentration of a chemical (i); TBCi is
TBC of a chemical (i). [f any analytc was below the detection limit,
half of the detection limit was used in the calculation of the mean
concentration. The ER of cach location is listed in Table 7. Water
Quality Standards for Fishery (NSSHK. 1995) suggests that less
than | ER is desirable for aquatic organisms. ER of the sampling
locations where are located in Dokai Bay and small bays were
larger than 1. We estimated probabilities that ER at the 4 locations
where samples were taken every month are larger than I.
Calculations were done on the assumption that ER values show
skewed distributions. Probabilities of ER exceeding 1 at D3, D1. H2
and S3 are 99.6, 89.1, 13.1 and 21.2 %, respectively. From the
results, it was confirmed that marine organisms in Dokal bay. in
particular the inner most part of the bay, are very likely to be
adversely affected by chemicals. On the other hand, it was also
confirmed that pollution by chemicals at other coastal areas around

ER 176 097 677 634

Sampling location K1 K2 K3 K4 K3

ER 136 156 088 071 074

Sampling location H1 H2 H3 H4 HS5

ER 1.03 078 105 071 0.68

Sampling location 81 §2 S3 54
ER 091 065 083 072

* ER is calculated using the formula. ER = Z(ECI/TBCi) = £Qj,
where ECI is the mean concentration of a chemical (i) not including
undetccted data; TBCi is a toxicological benchmark concentration
of the chemical (i). Compound classes correspond to Table §. ER of
CHN, CHS and CHP compounds were ignored because of their
small ER.

B Pesticides ‘
O CHO Comps.
WHC Comps. |

Ecological Risk.

D3 DIl H2 53

Sampling Location

Fig. 3. Ecological risk (ER) at the 4 locations where samples were
taken every month. * ER is obtained by the same way as Table 7.



CONCLUSIONS

The results of the study arc as fellows. {1) The total number of
chemicals detected reached 180 out of 285 target chemicals. (2) The
mean concentration of cach Jocalion ranged from 0.24 to 15.8 pg/i.
Concentrations increased with getting nearer emission sources. (3)
Most of the chemicals deiected at high concentrations were
phtalates and the others were raw malterials of chemical production.
(4} Benzothiazole. which is used as a vulcanization-accelerator for
rubber products such as tires. was detected with the highest
frequency. 2-Nitrophenol. whose occurrence seemed to  be
exhausted gas. was also detecled everywhere with a high frequency.
PAHs discharged from coak production were mainly detected in the
closed bay. (3) Detection of pesticides used at present reflected their
uses and time of use: the pesticides used for paddy fields were
mainly found tn summer: the others were detected throughout the
year. HCHs, which were banned to use 235 years ago, were detected
at relatively high concentrations. This finding indicates that residual
HCHs leach from soil. (6) The ecological risk caiculated by the
quotient method. the division of the environmemal concentration by
some toxicological benchmark concentration, showed that the
closed bay was not suitable for aquatic organisms. {7) B{a)l had the
highest ecological risk among the detected chemicals. Several
pesticides ranked high ccological risk.
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A Comparison of Bioaccumulated Dioxins in Freshwater Fish

Kiwao Kadokami
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Research Outline

Unable to plan joint studies, including selection of the fish species to be examined, to be conducted
with researchers in South Korea in 2002, we were prevented from analyzing dioxins using actual test

samples. Therefore, we assembled results from studies investigating dioxins in freshwater fish (carp)
conducted by Ministry of the Environment and evaluated the amounts of bioaccumulated dioxins in

Japanese freshwater fish while continuing to draw up plans for studies in which the necessary

analyses would be made. Referring to the results of our analyses, we drew up concrete plans for

studies and then presented them to the corresponding South Korean team. It was then determined

exactly what would be covered in the studies to be implemented by the joint Japan—Korean research
group from 2003 onward.

D

2)

3)

4)

5)

6)

Conclustons

We found that carp in the Kanto region have bioaccumulated dioxin concentrations of 2.98 pg-
TEQ/g (wet weight) and 209 pg-TEQ/g (lipid basis).

We found that dioxin concentration (wet weight) increases proportionally with the fat (lipid)
content, indicating the appropriateness of using concentrations calculated on a lipid basis in
comparing amounts of bicaccumulated dioxins,

Six months after spawning, there was no difference in the amount of hioaccumulated dioxins
according to sex. This confirms that sex of the samples need not be considered if the samples are
collected six months after the spawning season of the species being studied.

We found differences in bioaccumulated dioxin levels ranging from a factor of 3.40 to 7.61 (lipid
basis) among samples taken from the same site, indicating that analyses of heterogeneous
samples is necessary for continuation of efficient studies. Moreover, analyses of at least 20, or if
possible, 30 samples from each of the four sites studied is necessary to achieve an interval
estimation of the population mean with a 95% confidence limit whereby the interval estimation
remains within £20% of the point mean. '
Bioaccumulated Co-PCBs accounted for approximately 55% of all bioaccumulated dioxins in TEQ
concentrations; this figure is lower than that for marine fish.

The proportion of 1,3,6,8-TCDD and 1,3,7,9-TCDD in total PCDD/DF concentrations varied greatly
with the site, while the congener profiles for each site also varied, indicating that the dioxins at
each site originated from different sources,



Concentrations of endocrine disrupting-chemicals in the environment in Japan
Kiwao Kadokami, Yoshihumi Hanada
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According to Strategic Programs on Environmental Endocrine Disruptors (EDs) (SPEED *98) in May 1998, Environmental Agency (the
former organization of Ministry of the Environment (IME)) has carried out the nationwide environmental survey in 1999. The number of
target chemicals was 67, and the number of sample, which consisted of air, water, bottom sediment and organisms, reached to 2,430; this
large scale was unprecedented survey in the world. Nine of 10 chemicals were detected in 198 air samples. Twenty-seven of 61 chemicals
were found in 1,177 water samples, but only 7 substances were higher than the past survey levels. Twenty-four substances of 61 were found
in 266 sediment samples. In aquatic organisms, one-third of the largets, 22 of 61 substances were detected, Since this survey has been
conducted every year from 1999, temporal trend of concentrations can be evaluated. The concentration of nonylphenol, which has been
officially acknowledged as ED by ME, has been gradually decreasing. A part of organochlorines has also decreased their concentrations,
but most of them have not changed. These persistent chemicals have been detected in not only organisms but blood and umbilical cords of
human, This finding indicates that every Japanese including fetus is polluted with them, In addition. it is reported that these chemicals could
affect the immunity system when one is exposed to them at relatively low concentration levels for a long ime. Further research therefore is

needed to clarify the effects of EDs on sensitive populations, especially fetuses and babies.

Success Story from Industrial Pollution and Research on Present Environmental
Problemsin Dokai Bay, Kitakyushu City, Japan
—Success Story from Industrial Pollution and Qutline of new Research—
Machiko Yamada, Manabu Suzuki
ISOPE-2002(Kitakyushu)
2002,May

Environmental measurement of Dokai Bay surrounded by a Japanese leading heavy and chemical industrial area is
evaluated as one of the success instances from the heavy industrial pollution which degraded the bay's ecosystem to be
called “the dead sea”. After the restoration, the bay newly encounters the water pollution including man-made chernical
contamination and eutrophication. We start the comprehensive investigation and research reviving the rich aquatic
ecosystem. In this paper, we reported the outline of condensed and typical water pollution history of the bay and our

present results and plan of new research improving the bay's ecosystem.
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