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Abstract

Based on a three-dimensional primitive-equation dynamic numerical model, the
general circulation of the East China Sea and the Yellow Sea is studied with a 0.25 x 0.25
horizontal grid and a realistic bottom topography. We consider the tide current and
Kuroshio simultaneously. The model tide harmonic constants agree very well with the 81
coastline stations' observations in this area. The path of the Kuroshio agrees with long-
term observations; a branch of the Kuroshio enters the East China Sea and reaches nearly
29N, and thus controls a large part of the East China Sea. A branch of the Kuroshio goes
northward and forms the Tsushima warn current.

In order to know the silt quantity of the navigation channel in Changjiang estuary, a
horizontal 2-D numerical model of both suspended and bed load transport in the area is
established. The suspended and bed load transport equations and sediment transport
capacity formulas under the action of tidal currents and wind waves have been used. It
applies an automatically generated boundary-fitted grid with orthogonal curvilinear
coordinates. The verification of calculation shows the sediment concentration and the
deformation of sea bed can be successfully simulated.

The usage of organochlorine pesticides during early 1950s to early 1980s had
polluted the marine environment of the Changjiang Estuary. But after banned using, DDT
and BHC content in newest sediments decreased rapidly to 0.25~0.31ng/g and
0.35~0.47ng/g respectively. Compared with data before 1980, DDT and BHC content in
sediments of the Changjiang Estvary reached relative lower level. due to dilution of a
large amount bedload from upper Changjiang River and high sedimentary rate in the
Changjiang Estuary.

Key Words East China Sea, Changjiang Estuary, Numerical Model, Tidal Current,
Silt, Sediment
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1. General Circulation Simulation of the East China Sea and the Yellow Sea
1.1. Introduction

The hydrodynamic characteristics of the East China Sea and the Yellow Sea is mainly
affected by the Kuroshio, tide forcing, fresh water input by large rivers, water exchange through
the Tsushima Strait, water density distribution and meteorology conditions. For tide numerical
simulation, there are more than 20 papers, most study areas are small, with the exception of
Sheng Y. J. (1980). Choi B H (1980,1984), Shen Y. J. and Ye Anle (1985), Fang G. (1986) and
Zhao B. et al (1994). They still simplify the numerical models by omitting the nonlinear term.
Choi set the boundary at the shelf edge of the East China Sea to avoid instability. Zhao et al
(1994) and Fang (1986)'s model results are more reliable.

Many works only concern the Kuroshio. Chen C. et al (1992), Kancko A. et al (1992,1993)
and Kawabe M. based their work on data analysis. Qiu B. et al (1990) numerically studied the
formation of the Kuroshio counter current and the Kuroshio branch currents. Kubota M. et al
(1995) analyzed the mechanism of the seasonal transport variation in the Tokara Strait.
Takahashi S. et al (1995 a, b) simulated the circulation in the Yellow Sea during summer and
winter with simplified topography. The mechanism of different circulation patterns is explained.
Kagimoto T. and Yamagata T. (1997) use the Princeton Ocean Model (hereafter called POM) to
simulate the seasonal variation of the Kuroshio transport. The model results are very consistent
to observations. This is a good way to avoid lateral boundary conditions, but it requires much
CPU time and the horizontal resolution can not practically be high.

In the present study, we ran a high resolution POM to minic the general circulation in the
East China Sea and the Yellow Sea. Although many factors influence the circulation, as the first
step, we considered the Kuroshio and tide current simultanecusly. The modeled basic pattern is
consistent to observations, and the model results of tide harmonic constants are very accurate.
1.2. Numerical model and boundary conditions

The numerical model adopted in the present study is POM with primitive equations and
Boussinesq approximations. It has been successfully used in many regions all over the world.
Details of the POM and its development are given in Mellor et al (1982,1985 and 1994) and
Blumberg et al (1983,1987a and 1987b) and therefore will not be repeated here. The model was
used in the South China Sea to validate tide and typhoon induced currents (Qiao F. L. et a},1996),
the results were good.

The basic feature of POM is briefly introduced as follows, 1) A second order turbulence
closure model for the vertical viscosity, 2) sigma coordinate in the vertical with realistic
bathymetry, 3) horizontal curvilinear coordinate and an Arakawa C scheme (Arakawa and Lamb,
1977), 4) the horizontal time differencing is explicit whereas the vertical differencing is implicit,
5) a free surface and a split time step, 6) complete thermodynamic and 7) horizontal diffusivity
coefficients calculated by the Smagorinsky (1963) parameterization.

1.2.1. General information

The model domain extends from 117°E to 1319E, and from 24°N to 41.5°N, the model grid

is 0.25° x 0.25°. The model grid and the positions of 81 stations are showed in Fig 1. For the
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vertical, 11 levels and real topography were used. The coefficient in horizontal eddy viscosity is
chosen to be 0.1, and the external time step for gravity wave is 45 seconds while the internal time
step is 15 minutes. The initial u=v=w-0, so called " cold start". Since the sea water density is
assumed to be constant, the model results can be considered very close to winter circulation.
1.2.2. Open boundary conditions

At the open boundary, the elevation is specified. It contains two parts, one is the tide
elevation, the sum of diurnal (K+0O,) and semidiurnal (M,), the other is a mean elevation
corresponding to the Kuroshio, which is obtained from geostrophic relation.

Concerning the transport of the Kuroshio, there are large differences in the values in the
literature, ranging from 7 Sv to 80 Sv. Our experience suggests that two are more reliable: Chen
et al (1992) and Kagimoto et al (1996). Chen et al's results of the Kuroshio transport southwest
of Kyushin in Jan. 1986 is 30.0-32.0 Sv, Kagimoto et al estimated the averaged Kuroshio
transport (from I 973 to 1 992) through P-N line was approximately 25 Sv. In the present study,
we set the Kuroshio Transport to be 30 Sv, it is acceptable. At the boundary, the Kuroshio
countercurrent is considered. Since we have a cold start, the relax period of boundary conditions
is I 5 days to avoid instability.

Since the present version of POM split the flow into internal and external modes, we
describe the velocity boundary conditions separately as follows:

For the external mode, we require the normal velocities to satisfy the following radiation
condition originally according to Flather (1976) and later converted to oceanography by Oey and
Chen (1 992), Jia Wang et al ( I 993).

Vas(Lt) = V(1) + (e/h){Ey(Lot)-Ey(Li1)]
where b and b-1 denote the boundary point and the interior point, respectively. V(1,t) denotes the
sum of mean transport and tide current; c, the local shallow water gravity wave speed. E,(I,t) =
E, + E, where E, is the mean elevation induced by mean transport mentioned above, and E, is
the tidal elevation.

For the internal mode, we also use radiation normal velocity boundary conditions given by
Mellor (1996} in, formula (16-4).

1.3. Model results

In this paper, we call the model results general circulation under the conditions of tidal
forcing and Kuroshio input. Of course, the density current and wind induced current are also
important, especially in the Yellow Sea during summer when the Yellow Sea cold water mass
appears.

In order to obtain the general circulation pattern. we have two runs, one is to put diurnal
tidal forcing at open boundary and use interior observations as validation to test the POM; the
other is to put all the tide observations as forcing. Since we focus on the ocean circulation, the
later contains more real information and the results can be considered to be more realistic.

1.3.1. Tide modeling
Zhao B.R. et al (1994) did update tide research. For easy comparison we also select ml as

the diurnal component as they did. Our procedure differs from theirs in two respects: the first is
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that we use turbulence closure model to calculate vertical viscosity and the second is that we
consider the Kuroshio simultaneously.

We selected 81 stations evenly distributed along the entire coastline (Fig 1). The ml
harmonic constant errors are listed in the following table (Table 1), the M, harmonic constant
errors are showed in following paper. Our results are surprisingly accurate, this is much better
than that in literature.

Although the diurnal harmonic constant errors of amplitude and phase (1.7 cm and 5.2¢
respectively) are small, the largest amplitude and phase errors still reach 8.6 cm (point 4) and
25.9% (point 22). The system phase errors exist along Shanghai and Fujian coastline. In order to
get more reasonable results, we used all the tide harmonic constants as forcing in the following
genera!l circulation modeling.

1.3.2. General circulation patterns

After 100 days in the model, we used elevation data to do harmonic analysis, the cotidal
charts of M, is shown in Fig 2. We selected layers 2, as representative of surface, layer. The
corresponding daily-averaged current chart is shown in Fig 3.

The Kuroshio path: the modeled Kuroshio path and the change of current direction at
30.5°N agree well with long-term observations. From 25°N, a branch of the Kuroshio goes along
the Taiwan coastline counterclockwise and then turns northeast, it rejoins the main current at
299N. This branch is called the Taiwan warm current in literature. It controls the whole southern
part of the East China Sea (Guan B.X. and Chen S.J.,1962). It should be pointed out that there is
a divergence zone around (28 N, 124.5 E) mainly due to a shelf-like topographic feature, with
sharp dropoffs on 3 sides and rapidly ascending on the fourth side. This zone corresponds to
upwelling and is helpful to the marine ecosystem. The existence of the divergence zone needs to
be confirmed by further observations.

Tsushima warm current: About the origin of Tsushima warm current, there are mainly two
viewpoints. The first is that Tsushima warm current is a branch of Kuroshio (Qiu and Inasato,
1990), the other is that it is multi-sourced (Wang , 1994). Our model results confirm the later
viewpoint.

It is interesting that a current exists from the Sea of Japan to the study area through the
Tsushima strait. From Fig. 3.6, some observed surface currents agree with the model results, but
the observed surface current is not as steady as the model results. The track of drift buoy can also
confirm our model results (Fig 4), we still think that this current needs much more study.

The current circulation of the Yellow Sea: Although there are many excellent papers about
the Yellow Sea circulation (Li H. Q. and Yuan Y. L.,1993 ;Le K. T. and Mao H.L.,1 990), most of
them concern the Yellow Sea cold water mass or infer circulation pattern from temperature and
salinity distributions. As mentioned by Yuan Yeli et al (1 993) and Guo Bingiluo (1993), no
observation can confirm that the origin of Yellow Sea warm current is the Tsushima current, its
formation mechanism is still unclear. From our results, there is much difference between the
circulation in the surface layer and the bottom layer. In the surface layer of south Yeliow Sea, the
currents go southward along the coastline at about 3-5 cm/s. In a narrow region off the Korean
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coast, a strong "warm" current (10-20 cm/s) goes northward (Qiu B, ea al, 1 990). At the basin
center, there is a weak clockwise vortex. In the surface layer of Northern Yellow Sea there is a
weak clockwise vortex too. In summer, the density difference can not be neglected, so
counterclockwise circulation of the surface layer does not appear in our modei (Takahashi et al,
1995a). At the bottom layer of south Yellow Sea, a clockwise circulation dominates (Fig 3.5) and
mainly goes northward in the basin middle area. This circulation is steady (Takahashi S. et al,
1995a,b). Along the coastline, the current goes southward and it is stronger off the Chinese coast.
As in the surface layer, a narrow current goes northward off the Korean coast, This circulation
pattern agrees with the observations and model results in literature. In winter, the northwest wind
strengthens the southward coast current and the northward current in the middle area at the
bottom layer. This is beyond the scope of this paper. The main defect of the present study is that
temperature and salinity are fixed, so the surface currents of Kuroshio are smaller than
observations in deep-sea area.
1.4. Conclusion

Based on POM, we simulated the general circulation of the East China Sea and the Yellow
Sea the Kuroshio and tidal forcing are considered. Since the density is fixed, the surface
Kuroshio current is smaller in deep sea area and the surface summer counterclockwise
circulation pattern of the Yellow Sea mainly induced by the topographic heat accumulation effect
(Takahashi S., 1995a) does not appear. Other patterns agree with the observations and model

results in literature very well.
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Table 1 The modeled and observed harmonic constants of m,

longitude latitude a0 A Aa B, B A6 longitude  latitude a, ap N2 Bo Om A8
TO123%E  39°4'N 282 272 -LO 3137 3153 16 42 126°44'E  26°20'N 18.0 18.0 0.0 186.0 186.6 Q.6
2 122°40°E 39°19°N 274 291 1.7 3222 3244 22 43 124°24E 39°42'N 33.0 357 2.7 3120 3084 .36
3 121°40°E 38°56'N 23.0 202 -2.8 3433 3464 3.1 44 124°16'E  39°48'N 340 362 2.2 3110 3101 -09
4 121°0E 40°43'N 321 407 86 806 853 4.7 45 123°45E  39%45'N 31.0 350 4.0 30603130 70
$ 119°37E 39°53'N 26.1 280 19 3878 941 63 46 123°5E 39°29'N  37.0 31.8 -52 319.0 3199 0.9
6 117°43E 39°6'N 31.8 290 -2.8 1269 1342 73 47 125°7E J9°25™ 39.0 361 -29 314.0 302.7 -113
7 117°36E 38°37N 23.0 29.0 &.0 122.0 138.1 161 48 125°11'E  38°40'N 33.0 33.0 0.0 2950 2940 -1.0
8 120°19E 37°39N 17.9 17.0 -0.9 1682 169.0 0.8 49 124°47E 38°1I'N 290 310 2.0 2820 2884 6.4
9 121°24E 37°32N 11.8 13.7 1.9 268.7 2613 -7.4 50 125°20E 37%45'N 33.0 323 -0.7 277.0 2763 0.7
10 122°10°E 37° 30N 16.7 167 0.0 2835 2773 -62 51 125°33E  37°44N 330 33.1 01 278.0 2750 -3.0
11 120°45E 38° 1N 2.2 57 3.5 1807 1799 -0.8 52 126°14E 37°39N 350 340 -1.0 277.02796 2.6
12 122°42°E 37°253'N 204 203 .01 2900 2875 -2.5 53 126°34E 37°30N 35.0 343 -07 2780 2800 2.0
13 122°25E 36°53'N 21.0 21.6 0.6 291.2 2923 1.1 54 126°9E 37°15'N 380 33.0 -50 261.02722 112
14 121°29E 36°48'N 22.0 240 2.0 308.1 3020 -61 55 126°27E 37°2'N 350 3383 -1.2 2660 2774 11.4
15 120°19E 36°5'N 240 261 2.1 3266 323.6 -3.0 56 126° 3E 36%47N 330 321 -0.9 259.0 257.5 -1.5
16 119°33'E 35°23'N 25.7 268 1.1 337.1 3399 2.8 57 126°26'E  36°23'N 33.0 323 .07 253.0 248.5 -45
17 119°27E 34°45'N 266 27.0 04 343.7 3460 23 58 126°43'E  35°39'N 283 32.0 3.7 2513 2410 -103
18 119°47F 34°29'N 24.5 255 1.4 352.0 3503 -17 359 126°1E 35%21'N 28.0 272 -0.8 232023311 1.1
19 121°37E 32°8%N 159 149 -1.0 1175 1023 -15.2 60 126°5E  35°3N 2.0 27.7 67 227.0 2234 .36
20 122°14F 31°25N 196 188 -0.8 1514 1490 .24 61 126°1'E 34°34'N  25.0 254 0.4 2150 209.0 -6.0
21 121°54E 31° 7N 212 22.8 1.6 .170.2 1505 -19.7 62 126°16E  34°23'N 27.0 251 -1.9 137.0 1964 9.4
22 121°22°F 30°44'N 29.0 281 -09 190.6 164.7 -25.9 63 126°45'E 34°19N 250 238 -1.2 173.0 1809 7.9
23 122°36°E 30°49'N 223 216 -0.7 1704 168.1 -23 64 127°9E 34°30°N 240 23.8 -02 168.0 1684 04
24 121°5E 30°36'N 30.0 303 03 1952 1713 -23.9 65 127°45E  34°44'N 17.0 199 29 1530 1507 -2.3
25 122°18°E 30° 15N 23.8 258 2.0 182.1 1734 -3.7 66 123°3E 34°43°N  16.0 17.0 1.0 146.0 1463 03
26 122°4E  30°0'N 256 275 1.9 191.6 174.5 -17.1 67 128°43E 34°50'N 8.0 80 0.0 131.0 1300 -
27 122° 18'E 29° 57N 251 26.¢ 09 1964 177.0 -19.4 68 129°41'E 33°45°N 15.0 15.0 0.0 221.0 2210 0.0
28 122°1'E 29° 49N 250 279 29 1884 177.0 -11.4 69 129°53E 33°33'N 157 15.0 -0.7 2251 2246 -0.5
29 121°57E 29° 15N 258 280 22 192.0 1864 -56 70 129°33'E 33°23'N 19.0 224 3.4 209.0 2105 1.5
30 121°17E 28°5'N 269 273 04 2002 1994 -0.8 71 128°50F 32°45N 23.0 233 03 1940 1860 -8.0
31 ]20°48'E 27° 58N 249 279 3.0 212.4 2035 -8.9 72 129°7E 32°5O'N  18.0 24.0 6.0 194.0 189.7 -43
32 120°24E 27° 10N 27.1 274 03 211.0 2099 -1.1 73 129°51E  32°43'N 23.0 269 3.9 1820 1819 -01
33 121°10E 26° 58N 27.0 24.9 -2.1 2147 2059 -8.8 74 129°47E  32°34N  22.0 263 43 1750 1313 6.3
34 115°42E 26° I'N 25.0 282 3.2 2268 2240 -23 75 130°1E 32°12°N 23.0 251 2.1 1850 1787 -63
35 119°39E 25°27'N 27.9 259 -2.0 2315 2297 -18 76 129°51'E  3I1°5I'N 260 246 -14 179.0 1780 -1.0
36 121°45'E 25°9N  17.0 18.0 1.0 2135 196.0 -17.5 77 130°13E 31°17N 230 241 1.1 174.0 175.1 1.1
37 121°52°E 24°35N 180 179 -0.1 2075 2057 -1.8 78 129°5I'E  29°50'N 190 193 03 1720 1703 .17
38 123°41FE 25°56'N 200 19.0 -1.0 1985 1960 -2.5 79 129°12E 29°¢N 190 19.5 0.5 137.0 18l7 .53
39 123°0E 24°25'N 170 17.0 0.0 2000 2000 0.0 80 127°58E 27°¥N  18.0 180 00 191.0 1886 .2.4
40 125° 18'E 24°48'N 160 186.0 0.0 2140 2133 -0.7 81 127°18E 26°13'N 18.0 18.0 0.0 190.0 1878 -22
41 124° 10°E 24°20'N 190 19.0 0.0 2020 2020 0.0 mean absolute errors 1.7 5.2

ag. observed amplitude of m,; a,, : modeled amplitude of m;;

8q: observed phase of m; 85 : modeled phase of m,
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2. Horizontal 2-D simulation of sediment transport in the Changjiang Estuary
2.1. Introduction

Silt and mud covers Changjiang estuary and these materials are easy to be suspended and
transported under the actions of tidal currents and wind waves. Every year the sediment carried
by flow stream down the sea averages 486 million kg and a part of them deposit on the estuary
area. There are both suspended sediments and bed loads that move to and for as well as exchange
unceasingly with the materials in sea bed. At present, the navigation channel has to be dredged
every month to guarantee -7.0 m bed elevation due to the sediment silt, even so, the channel can
not meet the needs of the economic development in China,

In this report an attempt is made to present a horizontal 2-D mathematical model of
sediment transport in the estuary. The actions of tidal currents and wind waves, the effect of
salinity to the suspended load have been considered. The movement of both suspended and bed
loads has been simulated. The scouring and silting of sediment, especially bed load, have been
reflected through one-month tidal current calculations in flood season and dry season
respectively. On the basis of verifying the field data observed in the estuary, the quantity of silt in

navigation channel is predicted by this model after the project completed.

2.2. Numerical Model
2.2.1. The Model of Unsteady Flow
Under the orthogonal curvilinear coordinate system, the basic equations of 2-D unsteady

flow motion can be written as follows

3 1 9 1 9
% 1 (Hug,)+———(Hvg,) =0 ®
of  g:8, 9§ 8:8, 0N
ou wou v w g, v* 38n+gu\/u2+v2__ﬁ)
# g.9& g,9n g.8, 0n g.8, 05 C’H
1 4B
g: 9§ g: 05 g, dn
i‘i+_"'f..._(21/_.+_2.._ai+ dd ag”-- u’ 6g§+gv u2+v2+fu
ot g, 05 g,0m g8, & 8.8, 9 C'H
B 1 a4
+_§m.§§_ = V(_1_6_+ ——) (3)
g, o1 g: 9 8. 97
where
dug avg . ovg, oug,
A=[—"+ / ,B = + /
{ 2 o 1/g:8,:B=I 25 an Vg8,

8r =A[¥: ¥ V8, =X+,
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u and v are the depth-averaged components of velocity in the directions of £ and #
respectively, £its water surface level and H is water depth; g,, g, are Lami coefficient; f is
Coriolis parameter; v is turbulent viscosity coefficient.

2.2.2. The Meodel of Suspended and Bed Sediment Transport
(1) Non-equilibrium Suspended Load Transport Equation

Under the orthogonal curvilinear coordinate system, the basic equation of 2-D suspended
load transport established by Dou Guoren [1] is

3(HS) 1 _4(HUSg,) o(HVSg,)
+ [ +

]+aw(§ -5.)=0 (4)

where S is depth-averaged concentration of suspended sediment; « is an undetermined
coefficient which can be determined by verification calculation; w is falling velocity of sediment;
S. is the sediment transport capacity.

According to Dou Guoren’s formula, the sediment transport capacity of tidal currents and

wind waves has the following form [2]:

HZ
HTw

2 2 %
5. =a, s [(u +v7)

y.-y C’How

+ B, ] (5)

where v and v, are the unit volume weight of sea water and sediment particles respectively; H, is
the mean wave height and T is mean wave period; The Chezy coefficient C can be determined by

Maning’s formula

oLk
n

where n is the roughness of seabed, in a common case n=0,012-0.025. According to the field

measurements and wave flume data, we can take a=0.023 and £,=0.0004 .

(2) Non-equilibrium bed load transport equation
The Non-equilibrium bed load transport equation derived recently by Dou Guoren is

following form

O(BN) . 3(BhNv,) O(ANY))

+ N-N)=0 6
o o oy abwb( ) (6)

where Bh is the thickness of bed loads transport layer; N is the quantity of bed loads in the unit
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volume; a, is the settling coefficient of bed load; w, is the falling velocity of bed load particle;
N can be determined by

N’ =_£
phv

where g, is the unit width transport capacity of bed loads in uait time.
Under the orthogonal curvilinear coordinate system, the equation mentioned above can be
written as follows

d(hN) 1 o(huNg,) a(hviNg,) a, . ,
ot +g;gq[ o oy T p N0 ©

in which g,” can be determined by Dou’s formula of bed load transport capacity

3
k. @ Nk
C*y, -y ,

qy = 7

where

. Vul +v? -V, Vi svu? +v?
0 Vi >vu? +v?

Vi 1is the critical velocity for the incipience of bed load particle and expressed by Dou as
follows

V, =0.265 ln(ll%)\/y’ s gd,, +0_19(7_t'l)2‘s Ex +8hO
4

Yo 50

(8)

where y,is the dry unit volume weight of bed material; y, is the stability dry unit volume weight
of bed load material; d50 is the median diameter of bed load particle; ¢, is the parameter of
cohesive forces (for natural sand e, = 2.56 cm*/s?). & is the thickness of water film 8 = 0.21x10
‘cm. A is the roughness height of bed

A 05mm d;, <0.5mm
dy, dg >05mm

k, is a coefficient; w, is the settling velocity of particle; C is the Chezy coefficient. To fine send
?’0=?’u'~
(3) Seabed Deformation Equations

The equation of seabed deformation caused by suspended load is
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where 7, is the thickness of silt or scour caused by suspended load.
The equation of seabed deformation caused by bed load is

an .
ro =@y (N -N) (10)

where 7, is the thickness of silt or scour caused by bed load.

The total thickness of seabed silt or scour caused by both suspended load and bed load is

n=n, +n,

2.3. The Verification of Numerical Model

In order to predict the silt in the channel after the project of developing the north trough
deep-water channel is completed, the numerical model must be verified with the data measured
in the natural conditions.
2.3.1 Computational Domain
Owing to the boundary shape of Changjiang estuary is comparatively complicated,
orthogonal curvilinear grids are adopted to fit the river channel and two dikes to be
constructed. The studied region is given in Fig.1. The length is 200 km from west to east
and the width is 130 km from north to south. The mesh number is 9430 and the mesh
steps vary in size between 150m and 1500m depending on the topographical features
(Fig.2).
2.3.2 Tidal Currents and Sediments

The data about the velocities and directions of tidal currents, the tidal levels and the
sediment concentrations measured in February, March and September 1996 respectively are
adopted to compare with the values of calculation. The survey points are showed in Fig.3 and
Fig.4 for flood season and dry season respectively.

The comparisons between the calculated and measured values are given in Fig.5 and Fig.6.
It can be seen that the calculated values are in good agreement with the measured data. The
character of tidal pattern, shuttling inside the estuary and rotating outside the estuary, has been
reflected in the model. The verification of sediment concentration in spring tide, middle tide
and neap tide during flood and dry season have been done on the basis of the model of tidal
currents. The concentrations in a tidal period at every measured station can be solved from the
model of suspended load transport. The comparisons of the model results with the field data are
satisfactory (Fig.7 and Fig.8).
2.3.3 The Verification of Seabed

The seabed deformation verification of scour and silt in the south trough and the north
trough area is done by use of the topography surveyed in 1995 and in 1996 respectively.
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Based on the tidal level surveyed in one month during flood and dry season, the scouring
and silting thickness of suspended and bed load in one year at the position in Fig.15 has been
obtained from the model of total sediment transport. The verification result is shown in Fig.16.
Each line in the figure except line E has similar tendency to the actual one. The silt in the upper
part of line E is calculated and it is equal to 9,310,000 m” that is close to the dredging quantity in
every year. In the lower part of the north trough there is no dredging and the seabed elevation is
the same as the measured one. The above-mention indicates the total sediment transport model
can simulate the seabed deformation of scour and silt from the south side of the south trough to
the north side of the north trough. Therefore the model can be used to predict the variance of

sediment scour and silt after the regulation project is built.

2.4 Summary
In order to reply the quantity of sediment silt in the feasibility study of Changjiang estuary
deepwater channel project, a 2-D total sediment transport model under the actions of tidal
currents and wind waves has been established. The model is on the basis of the non-equilibrium
suspended load and bed load transport equations derived by Dou Guoren. The orthogonal
curvilinear grids have been adopted to fit the boundaries of channel and project. A lot of
verification about tidal levels, velocities, and sediment concentrations in a tidal period have been
done making use of the data measured in spring, middle and neap of flood and dry season
respectively. The satisfactory results have been given by all of the verification and there is a
similarity between the prototype and the model.
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Fig. 9. the Verification Area of Seabed Deformation
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3 Organochlorine pesticides in sediment in the Changjiang Estuar
3.1 Introduction

Organochlorinated pesticides (e.g. DDT, BHC ) accumulate in biota of all trophic levels
and residues in water and sediments are reported in environmental compartments from all
geographical latitudes (Preston, 1988; Bveraarts, et al., 1993; Bignert et al , 1998, Iwata et al,
1994).  They are ubiquitous toxic contaminants, due to their bioaccumulative capacity and
highly persistence and specific physico-chemical properties in the environment (WHO,
1979;WHO, 1989). The organochlorinated pesticides were prohibited by most of countries in the
world since the early 1980s. But it is of high stability and persistence as well as delay effect
transported by soil and water, its effect may exists for several decades years on marine
environment and ecology.

The Changjiang River drainage is a strong agricultural sector and agricultural practices in
this drainage have resulted in non-point source contamination by several first-generation
organochlorine pesticides, which is cheaper and efficient, before mid of 1980s. These
organochlorine pesticides are transported from farmlands via soil erosion and agricultural runoff
through branch-river into the Changjiang River. Finally, these compounds are e¢ventually
dispersed throughout the estuary to become incorporated into estuary sediments and accumulated
in the lipophilic tissue of biota (Sheng, 1997, Lin, 1987). DDT and BHC residues were probably
widespread in the Changjiang Estuary sediments deposited since the 1950s.

The aim of this study is to determine the current levels of organochlorine compounds in
sediments of the Changjiang Estuary, and to reconstruct the organochlorine pollution history of
the Changjiang Estuary by measuring pesticides concentrations in a sediment core dated with
Pb210.

3.2 Materials and Methods
3.2.1 Sampling description

The location of sample stations show in Fig. 1. The short cores of C1 and Meso were taken

from the Changjiang estuary in Oct 1997. The short cores of Al, A3, B3, C3 and Meso-2 were
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Figure 1. The sampling station location of sediments in the Changjiang Estuary
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taken from the Changjiang estuary In June 1998. The surface samples were taken O~2cm of top
sediment then divided the core layer sediment per 2 and 5 cm. All samples were dried in natural
condition and grilled to past 80 mesh. A long core of B1 (length 160cm, diameter 7.5cm) was
taken using gravity tube sampler in June 1998 (water depth about 15m). The core was divided to
three short cores and sealed, carefully removed, and frozen in a vertical position. The core was
then cut into approximately 2.0cm vertical slices. Sediment the samples were freeze-dried before

further analysis. Pb210 activity was determined to date the sedimentation rate.

3.2.2 Analysis

BHC and DDT in sediments were extracted by mixer hexane of acetone (v/v=1:1). Samples
of B1, C1 and Meso, which were taken in Oct 1997, were extracted by Soxhlet method, then
extracted solution was evaporated by a rotary evaporator and determined by GC-7AG gas
chromatography (Shimaze Co. Ltd.) equipped with 63Ni electrode capture detector (ECD). The
B1 long core samples and other surface sediments taken in June 1998 were extracted by
accelerated solvent extraction (ASE-200, Dionex Co. Ltd.) with mixing solvent of acetone and n-
hexane (pesticide quality, v/v=1: 1). The solvent in the extracts was dry up with N2, then
dissolved to 5ml n-hexane, and analyzed on a HP gas chromatography-ion trap mass

spectrometer system using a 30-m DBS5-MS capillary column.

3.3 Results and discussion
3.3.1 Effect of organochlorine pesticides on marine environment of the Changjiang
Estuary
In China, the first generation organochlorine pesticides (mainly DDT and BHC) began to be
produced in 1952 and stopped producing and using in 1984, the annual production shows in Fig 1.
Tota) about 9x10° tones DDTand 4.5x10° tones BHC were produced and used (Hua et al, 1996).
According to report by Li et al (1998), these organochlorine pesticides were mainly used in

southeastern areas along the coast.
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Fig. 1. Annual technical HCH production in China during beginning in 1952 to banned in 1984

Table 1 lists BHC and DDT concentration in soil and sediment in different stage in China.
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The data in Table 1 show that the high residues of organochlorine pesticides both in terrestrial
soils and sediments from the Changjiang estuary were seriously polluted by DDT and BHC before
prohibiting to use DDT and BHC, and decreased largely after prohibiting to use DDT and BHC.
But the residue of DDT and BHC in soils was still higher than that in sediments in any stage.
Because the pesticides in sediments come from soil, the marine environment problem in
Changjiang Estuary about DDT and BHC still depend on partly decreasing of pesticides residue in
soil.

Table 1. The concentration of DDT and BHC in different material before and after prohibiting to use
DDT and BHC in China {ng/g dry wt)

(China before  before = after  after - now  now
DDT BHC DDT BHC DDT BHC
.. . . 1981 1985
Changjiang River  soil 246 740 ) 154 109 *) 10 12 1994(6)
Xianjiang River Sediment 314 329)83
Changjiang : 6.9~ 0.95~ 1981 0.56~ 1992 0.22~ 0.35~
Esuary Sediment 0y 59 (3) 185 (5 031 o047 129D

(1)Huang, 1989(2)Wang,1984 (3)Lin,1983 (4)Zhou, 1986 (5)Ye, 1995 (6) Lin, 1995 (7) This paper

The dilution of organochlorine pesticides by bedload also present in core. The vertical
distribution of BHC and DDT in core Meso and C1 present in Fig 2. According to dating by Pb-
210, core Meso and C1 consist of new sediments in recently ten years, this is, these sediments are
accumulated after prohibiting to use DDT and BHC. The BHC and DDT content in core Meso
range 0.158~0.449ng/g and 0.176~0. 940ng/g respectively in the past 13 years, and in core C1
range (.105~0.360ng/g and 0.039~0.220ng/g respectively in the past 10 years. The results show
that the concentration of DDT and BHC has decreased to lower level. The content in Meso is little
higher than that in C1, the reason be different between sediment character of two cores. The core
Meso contains little sand content, which belong to clay sediment, but the core C1 contains high
sand content as silt-sand sediment. Obviously, the core Meso has higher organic matter content
(higher loss of ignition (LOI)), and higher DDT and BHC content. Cu distribution in cores proves
also this character. This is resulting of clay sediment has finer particle, more surface area and
charges so that it has higher absorption capacity. There is much evidence to indicate that organic
matter is the predominant factor controlling the capacity of sediment to bind organochlorine
compounds ( Karickhoff, 1984; Di Toro et al., 1991). This would result in preferential
organochlorine accumulation in sediment layer with a high organic content. In the two cores, the
BHC and DDT contents have some relative large change. The reason may be diversity effect of
transport and dilution of bedload, re-suspension of sediments and bio-disturb of benthic animal
year by year. For example, the mass flux from the Changjiang River to sea would vary largely in
some years due to large flood and soil erosion caused by global climate change and insufficient
vegetation protection. This phenomena exist also in long core in which sediment contain higher

organochlorine pesticides content as described in below.
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Fig. 2 The distribution of DDT and BHC and other parameters in short cores

In addition, the composition of BHC isomers in core shows Fig 4. The composition for each

BHC isomers in core were relative stable, a-BHC and B-BHC were two dominant form about 35%

for each in core. But the composition of BHC isomers in sediment had been changed compared to
BHC production. In China, the BHC production contained 65-70%a-BHC, 5-6%8-BHC, 13% y-
BHC, and 6%8-BHC (Cai, 1992). The composition of a-BHC in sediment increased and f-BHC
decreased compared to BHC production. It was result of high volatilization of a-BHC and high

absorption of B-BHC. In particular, B-BHC is easy enriched into organisms.the composition of

BHC isomers in sediment was similar to soil, it represents also that BHC in sediment come mainly

from soil.
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Fig. 4 The composition distribution of BHC in sediment core and in air, soil, water etc. in

China

3.3.2 Vertical distribution of BHC and DDT in core sediment from the Changjiang

estuary

Fig 5 shows the sand content, water content and organochlorine pesticides contents in the
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long core B1. B1 station is near to north mouth of the Changjiang River to East Sea. Because Pb-
210 analysis of core Bl can't be finished yet, it is difficult understanding exactly its
sedimentation rate and origin. Basing on previous research materials, the sediment of Bl
originate mainly from the Changjiang River, but there is some possibility that suspension
sediment of Yellow River may be transported by Yellow Sea Coastal Current (Chen, 1989). The
distribution of sand content in core Blshows that sand content is relative stable, except for some

individual year. Sediment of core B1 should be silt sediment,.
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Fig. 5 The vertical changes of BHC and DDT contents in cores B1 from Changjiang

estuary
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Fig.6 The vertical changes of BHC and DDT contents in cores G8410 from Changjiang
estuary
To study completely marine organic pollution history of the Changjiang estuary, we
investigated the organochlorinated pesticides pollution history in core Bl sediment in the
Changjiang estuary by 210Pb dated method. The analysis results show in Fig 5 (the measurement
is going on and not finished). Meantime, we combine another core analysis results (Lin, 1983) of
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(8140 which locates on same survey area in the Changjiang estuary (location shows in Fig 1).

Fig. 6 shows the vertical changes of BHC and DDT contents in cores G8410 from
Changjiang estuary. Because of lack of detail annual production of DDT, we can't compare
between DDT content in core with production. But basic trend of production of DDT is similar to
BHC. If we take the organochlorine pesticides usage as a pollution event, BHC distribution in
core reflect well the whole process of this event. This distribution also presents that the
sedimentary rate of G8410 was stable. According to this rate, the DDT high peak in core should
occur about 1972, there was little difference with the high peak of DDT usage in 1976 (Hua, 1996)

Compared to core Meso and C1, the content of DDT and BHC was higher one to two order
magnitude. Lower contents of organochlorine pesticides in core Meso and C1 indicates that this
event was past in sediment record. However, the contents in suspended material is also high (Ye,
1995), it will still has some effect on marine environment.

From the distribution in cores, there is an obvious character that effect of DDT and BHC on
marine environment of Changjiang Estuary is rapid process. This is, when large amount of DDT
and BHC was used, Changjiang Estuary received rapidly a large amount of organochlorine
pollutants from Changjiang River drainage as final sink place, and persevere it for a long time due
to its persistence. Therefore these pollutants as pollution resource would polluted seriously
marine ecosystem. But in another hand, with stop using these pesticides, a large amount bedload
from upper Changjiang River will dilute the content of DDT and BHC, and put it into deeper
sediment, It cause that the content of DDT and BHC in surface sediments decrease rapidly to
lower level, therefore this process decrease the impact on marine environment of Changjiang
Estuary. Although these persistence substance exchange also still to overlay water by bio-

turbulence and molecular diffusion.

3.3.3 Accumulation rate into the sediment
Using the organochlorine pesticides concentration in the sediment core (Cs; pg/g dry wt)
from the Changjiang, its annual accumulation rates into the sediments can be estimated. The
following equation was employed for estimating the rate (F; pg/cm3.y):
F=nxRsxdxCs

Where
Rs ------ the sedimentation rate (cm/y)
d - the sediment core density (g/cm3 wet wt)
T--=-- the sediment water content (%)

The Rs was defined as 2 cm/y as described above. The d was estimated from the average
wet weight of sediment layers in unit volume and found to be 1.2 g/cm3 wet wt. Water content in
the core sediments is assumed to be a constant 35%.

The estimated organochlorine pesticides accumulation rates into the new sediments after
prohibiting to use DDT and BHC are presented in Fig 7. Unfortunately, it was quite difficult to
understand variation of organochlorine pesticides accumulation rates in different cores, because

of the lack of comparable data so far reported. The present DDT and BHC accumulation rate in
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this study was about 0.35~0.8 ng/cm2.y and 0.55~1.2ng/cm2.y for surface sediment. It is
interesting that this sedimentary accumulation rate is similar to atmosphere input to water in
Alaska {Iwata, 1993). Although Armstrong et al (1987) and Iwata et al (1993) pointed out that

only a small frction of organochlorine transported with suspension particle from water into

sediment.
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Fig 7. The estimated organochlorine pesticides accumulation rates into the sediments

3.4 Conclusion

The content distribution of DDT and BHC in surface sediments of different time and cores
can represent the organochlorine pesticides pollution record and trend. The results show that most
serious pollution stage about DDT and BHC has past. The content of DDT and BHC in the newest
sediments have decreased to lower level about 0.25~0.31ng/g and 0.35~0.47ng/g respectively.
DDT and BHC content also relate to sediment constitution, which in clay sediment is higher than
other sediment. Due to persistence of DDT and BHC, its distribution in core obviously relate to its
production and reflect the pollution record. The distribution in core shows also that DDT and
BHC pollution on the Changjiang Estuary is relative rapid process, due to dilution by large
bedload from Changjiang River and high sedimentary rate.
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