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Introduction

In spite of world attention about PCDDs and related chemicals in the environment, little information
of their residue in sea water is available because of very low concentrations. Tokyo Bay is one of the most
contaminated semi-closed estuaries in Japan. It has suffered large amounts of poliutants including PCDDs
caused by human activities in the metropolitan area. Due to the fact that Tokyo Bay produces many
marine products consumed by humans, PCDDs exposure through these is important issue for Japan.
Despite this, no information about PCDDs/DFs movements in sea water around Tokyo Bay has been
reported up 1o the present. In this report, we present the results of isomer specific analysis of PCDDs/DFs
and PCBs in different layers of sea water in Tokyo Bay. We performed ultra-trace measurement of these
chemicals in sea water using in-situ filtration/extraction water sampler (Kiel in-situ pump; KISP and
INFILTREX 1) and from the data, reconstructed a three dimensional distribution. We also tried to make
a schematic representation of PCDDs/DFs movement in sea water which would enable us to understand
the dynamics of these chemicals in the marine environment. As preliminary results were reported previously
at Dioxin '97 (1), our goal in this report is to describe the movements of these chemicals in sea water.

Material and Methods

Table 1 shows a list of coastal sea water samples collected from six locations around Tokyo Bay in
Japan. Each location is represented in Fig.1 and 2. We applied KISP at station A, B, D, E and F for in-situ
water filtration/extraction. Chemicals absorbed on to XAD-2 resin and particulate matter collected on the
filter were applied to laboratory analysis and quantification was performed by HRGC (HP5890II) -
HRMS (VG AutoSpec-Ultima system). More details of sampling and analytical methods were described
in previous report (1). Additional descriptions are as follows. The extraction efficiency of target chemicals
on to XAD-2 resin was tested using dual column connected in series. It was confirmed that no leaks of
target compounds were observed in the seconds column under the sampling condition (1L/min, Shrs).
Another in-situ filtration/extraction system for INFILTREX II was applied at station C. In station C, one
of samplers was set to a 10m depth for collection of surface sea water. Two of the samplers were set to
the same depth (30m). One of the latter was programmed to collect sea water continuously. The other one
was programmed to collect sea water only during ebb periods for a 10days. This sampling system enabled
us to compare PCBs/PCDDs/PCDFs concentrations in sea water between ebb and flood tides.

Results and Discussion :

Concentration of total (dissolved and particulate fraction of) PCBs/PCDDs/PCDFs in sea water
around Tokyo Bay are shown in Table 2. Three dimensional distributions of PCDDs and PCDFs appear in
Figure | and 2 respectively. The most interesting result is that the bottom fayer of Stn. D and the middle
layer of Stn. E contained larger amount of chemicals than the surface layer of each location. It is clear that
the surface sea water does not represent water pollutions in these areas.
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We calculated transportation rates of these chemicals from the inside of the Bay to the outside by
exchange of sea water through tidal process using a "ebb-flood comparison test". Fig. 3 shows differences
of PCDDs/DFs concentrations in sea water between ebb and flood at Stn. C over a 10day period. We
assume that the x-axis value (ebb-flood) represents a transportation rate of these chemicals from inside of
the Bay. Estimated values are 20fg/L/day for PCDDs and 6fg/L/day for PCDFs, respectively. One more
interesting point of this result is the "ebb-flood" value difference between dissolved and particulate
fractions. Dissolved fractions have the greater part of total transportation in this figure. On the other hand,
the partition ratio between particulate and dissolved fraction in Fig. 1 and 2 shows that more than half of
PCDDs/DFs were found in particulate fraction in principle. Considering the hydrophobic nature of
PCDDs/DFs, "apparently dissolved fraction” measured in this study seems to be constituted of dissolved
organic matter (e.g. colloid) which absorbs these chemicals. Hence, it may be concluded that only small
part of PCDDs/DFs are presented in dissolved organic matter in sea water but it is more important in
transportation process of these chemicals by sea water than large particles.

The total amounts of PCBs, PCDDs and PCDFs in the whole sea water in Tokyo Bay were estimated
on the basis of the concentrations given in Table 2 using international TEF value, compared to Baltic Sea
result (2) (Table 3). In the estimations we assumed that the five samples (station A, B and C) of this study
were representative for the concentrations in the sea water in Tokyo Bay. The total amounts of PCBs and
PCDDs/DFs was then estimated to be approximately 410g to 13,000g and 17g to 96g (equivalent to 96mg
to 560mg of TEQs), respectively.

To sum up above results, we described a schematic representation of PCDDs/DFs movement in sea
water around Tokyo Bay in Fig. 4. PCDDs/DFs discharges to the Tokyo Bay region during the last
35years were estimated at approximately 8559kg (6674gTEQ) by Masunaga (3). The amount of residue
of these in surface sediment was also estimated at approximately 748kg (2200gTEQ). The annual
transportation rate from inside of Tokyo Bay by sea water was calculated at 430g/year (2.5gTEQ/year) on
the basis of mean values of total amounts in sea water in Table 3 and residence time (1.6 month) of fresh
water in Tokyo Bay estimated by Unoki (4). During the last 35 years, 8.7% (33% in TEQ) of total
PCDDs/DFs discharged to the Tokyo Bay region remains in sediment. Only 0.2% (1% in TEQ) were
transported outside of the Bay by sea water (may be by dissolved organic matter). These "apparently
dissolved" PCDDs/DFs may be absorbed into newly produced particles outside of the Bay. The rest of the
amount seems to correspond to three reasons; accumulation in land (soil and river sediment), degradation
and transportation by large particles which resuspended from sediment surface, with no consideration of
output into air form sea water which is unlikely to occur. The presence of intermittent outflow of high
turbidity bottom water was reported by Yanagi (5, 6) and such a large particle transportation process
along the shelf edge may be important in PCDDs/DFs movement in sea water around Tokyo Bay.
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» Table 1. Sampie list
Sam Latitude / L%er Date Volume Sampler
nnmgh Longitude (mg ( (8]
b A/S N 35%34"/ 10 2 1995/8/18 240 KISP
€ 139'50°
» B/S N3531°/ 12 2 1995/8/25 348 KISP
' E 13949’
| CIS N 3517/ 40 10 1995/5/29 - 1230 INFILTREX 1l
; c/B1 E 13942 30 1995/6/8 1430
c/B2 30 41
D/S N 34'53°.54" / 940-1021 100 1996/4/22- 316 KISP
’ D/M E 13933"-34" 400 1996/4/23 702
’ D/B 750 260
I E/S N 35'03°-04"/ 1450-1452 100 1998 /4 /22 262 KISP
y E/M E 139°20"-21" 600 253
» E/B 1200 328
|
FI/S N 3439°40° / 1608-1743 100 1996/4/23 - 504 KISP
FIM E 139'34"-35" 700 1996 /4124 240
F/B 1500 28
“ . ebbonly

Table 2. Concentration of total (particulate and dissolved fraction of) PCODs, PCDFs and PCBs In sea water around Tokyo Bay.
AS BsS cs Cm1 CB2 DS DM DB ES EM EB FS M FB

PCODs (fgh)

- wE—————w -

TetraDDs 8714 7280 2355 3760 2604 ‘<20 381 672 3240 5271 1538 873 1119 751
PentaDDs 1107 1042 177 320 188 43 62 47 106 285 122 304 124 753
HexaDDs 1958 1208 177 375 175 °67 35 180 94 244 95 156 139 80
HeptaDDs 480.9 29 40.2 115.2 7 239 160 *50.5 29.0 674 79 222 117 30.1
) OctaDD 1426 1374 3169 1,107 5782 ‘651 1430 "2687 969 2072 1093 1045 880 350
3 DDs 3084 2629 628 1,668 932 100 207 419 470 855 293 260 238 224
'l PCDFs (fgL)
TetraDFs 4126 5488 1292 1953 1284 52 384 ‘<36 195 3641 <52 972 <161 268
PentaDFs 6848 2818 943 2048 1077 106 340 911 614 2925 610 515 278 27
HexaDF's 8901 3330 594 1796 821 184 316 947 451 1574 <156 385 364 167
! HeptaDFs 295 1668 389 1339 €34 131 166 438 184 501 382 251 286 204
, 3 DFs 2217 1330 3218 714 388 47 121 ‘230 144 864 99 210 93 9
' PCBs(pgl) 697 348 23 58 32 24 2 8 16 8 12 16 73 27
.' . “particulate fraction anly
X

700 m

———— 1t
Paclfic Ocean Pacific Ocean

1500 m 1200 m 1500 m
Fig-1  Three dimensional distribution of PCDDs Fig. 2 Throo dimensional distribution of PCDFs
in sea water around Tokyo Bay. in sea water around Tokyo Bay.
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Fig. 3

Differences of PCDDs/DFs concentrations in
sea water between ebb and flood in Station C.

Table 3. Total amounts of PCBs, PCDDs/DFs and TEQs in sea water in Tokyo Bay and Baltic Sea.

Area (km2) Volume (km3) Y PCBs (g) ¥ PCDDs/DFs (g) ¥ TEQs (g)
Tokyo Bay 1.2x103 18 particulatef. 220 - 1,700 10- 61 0.065 - 0.34
dissolved f. 190 - 10,800 6.8-35 0.031-0.22
Baltic Sea® 3.7 x 105 - particulate f. - 1,700 13
dissolved f. - 900 7.7
* : reported by Broman et at (1991)
Fig. 4 Schematic representation of PCDDs/DFs

input to terrestrial soil / 35years

movements in sea water around Tokyo Bay.
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