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Introduction 
In spile of world atlenlion aboul PCDDs and related chemicals in the environmeni, liule informalion 

of their residue in sea water is available because of very low concenuations. Tokyo Bay is one of die most 
contaminaled semi-closed estuaries in Japan, ll has suffered large amounts of pollutants including PCDDs 
caused by human activities in the metropolitan area. Due to the fact that Tokyo Bay produces many 
marine producis consumed by humans, PCDDs exposure Ihrough these is important issue for Japan. 
Despile this, no information about PCDDs/DFs movements in sea water around Tokyo Bay has been 
reported up to the preseni. In diis report, we preseni the results of isomer specific analysis of PCDDs/DFs 
and PCBs in differeni layers of sea waler in Tokyo Bay. We performed ultra-trace measurement of these 
chemicals in sea water using in-situ filuation/extraclion water sampler (Kiel in-situ pump; KiSP and 
INFILTREX II) and from the data, reconstructed a three dimensional distribution. We also tried lo 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 environmeni. As preliminary resulls were reponed previously 
at Dioxin '97 (1), our goal in this report is to describe the movements of these chemicals in sea waier. 

Material and Methods 
Table I shows a lisl of coastal sea water samples collected from six locations around Tokyo Bay in 

Japan. Each location is represenled in Fig. 1 and 2. We applied KISP at station A, B, D, E and F for in-sim 
waler 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 descritied 
in previous report (1). Additional descriptions are as follows. The extraction efficiency of target chemicals 
on to XAD-2 resin was tesled 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 (1 L/min, 9hrs). 
Anolher in-situ filtration/extraction syslem for INFILTREX II was applied at station C. In slalion C, one 
of samplers was sel to a 10m depth for collection of surface sea waier. Two of the samplers were set lo 
the same depth (30m). One of the laller was programmed lo collect sea water continuously. The olher one 
was programmed to collect sea waler only during ebb periods for a lOdays. This sampling syslem enabled 
us to compare PCBs/PCDDs/PCDFs concenti-ations in sea water belween ebb and flood tides. 

Results and Discussion 
Concentration of louil (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 I and 2 respectively. The mosl interesting resull is that the bottom layer of Sm. D and the middle 
layer of Stn. E contained larger amounl of chemicals than the surface layer of each location. It is clear that 
the surface sea water does not represeni water pollutions in these areas. 
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We calculated transportation rales of these chemicals from the inside of the Bay to the oulside by 
exchange of sea waler dirough tidal process using a "ebb-flood comparison tesl". Fig. 3 shows differences 
of PCDDs/DFs concentrations in sea water belween ebb and flood al Sin. C over a lOday period. We 
assume that thc x-axis value (ebb-flood) represents a transportation rale 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 poinl of this resull is the "ebb-flood" value difference between dissolved and particulate 
fractions. Dissolved fractions have the greater part of lolal transportation in diis figure. On the other hand, 
the partition ralio belween 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 ( .̂g. colloid) which absorbs these chemicals. Hence, il may bc concluded that only small 
part of PCDDs/DFs are presenled in dissolved organic matter in sea water bul il is more important in 
Uansporlalion prcxess of these chemicals by sea waler than large particles. 

The tolal amounts of rcBs, PCDDs and rcOFs in the whole sea water in Tokyo Bay were estimated 
on the basis of the concentiations given in Table 2 using intemational TEF value, compared to Baltic Sea 
resull (2) (Table 3). In the estimations we assumed dial the five samples (slalion A, B and C) of diis sludy 
were representative for the concenuations in the sea water in Tokyo Bay. The total amounts of PCBs and 
PCDDs/DFs was then estimated to be approximately 4l0g lo 13,000g and 17g lo 96g (equivalent to 96mg 
to 560mg ofTEQs), respectively. 

To sum up atwve resulls, we described a schematic representation of PCDDs/DFs movement in sea 
waler around Tokyo Bay in Fig. 4. PCDDs/DFs discharges lo the Tokyo Bay region during the lasl 
35years were estimated al approximately 8559kg (6674gTEQ) by Masunaga (3). The amounl 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 al 430g/year (2.5gTEQ/year) on 
the basis of mean values of lolal amounts in sea waler in Table 3 and residence time (1.6 mondi) of fresh 
water in Tokyo Bay estimated by Unoki (4). During the lasl 35 years, 8.7% (33% in TEQ) of lolal 
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 matier). These "apparently 
dissolved" PCDDs/DFs may be absorbed into newly produced particles oulside of the Bay. The rest of the 
amounl seems to correspond lo 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 waler which is unlikely lo occur. The presence of intermittent outflow of high 
turbidity bottom waler was reported by Yanagi (5, 6) and such a large panicle transportation process 
along the shelf edge may be importanl in PCDDs/DFs movement in sea water around Tokyo Bay. 
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Table 3. Total amounts ot PCBs, PCDDs/DFs and TEOs in sea water in Tokyo Bay and Baltic Sea. 

Area(km2) Volume (I(m3) X P C B s ( g ) j ; PCDDs/DFs (g) X T E Q s ( g ) 

Tokyo Bay 1.2x103 18 particulate f. 220-1 ,700 

dissolved f. 190-10,800 

BatbcSea* 3 .7x105 - particulate f. 

dissolved f. 

* : reported tiy Broman etaf. (1991) 
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