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ABSTRACT: The influence of land-based source pollutants to marine ecolo gical environment is princ-i

pally in coastal or enclosed sea waters. Flux of land-based source pollutants into the sea w ill be effected

due to social and economic development in the Tumen River basin. Pollutant type and primary pollu-

tion factor of the Tumen R iver in Northeast China is described by weighted coefficient method in this

paper. The results indicate that the r iver is organic pollution type and pr imary pollution factor is

COD. Fresh w ater fraction proves that the estuar y is not affected by tide cycle. COD annual flux en-

tering the Sea of Japan calculated by zero-dimension model in 1993 was 90. 50 � 103 tons. It is est-i

mated with emission coefficient method that t he COD will be 176. 4 � 103 and 458. 6 � 103 tons for

t he years of 2000 and 2010 respectively .

KEYWORDS: Tumen R iver, COD, the Sea of Japan, pollut ion for ecast, land-based sour ce pollu-
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I. INTRODUCTION

� Agenda 21� recognizes the importance of land-based source pollutants to marine pollu-

t ion. Coastal w ater is of great signif icance for biological product ivity and bio-diversity . It has

an important sense to the economy and ecolog y, too. The w ater carried pollutants entering the

sea from point and nonpoint sources contribute to 44 of all w ays ( UNEP, 1992) . T he influence

of land-based source pollutants to marine ecolog ical environment is principally in coastal or en-

closed sea w aters. F lux of land-based source pollutants into the sea w ill be ef fected due to social

and economic development in the T umen River basin. T herefore, it is necessary to judge pollu-

t ion type and its primary pollution factor of the Tumen River system. We also calculate and

forecast annual flux of the years, 2000 and 2010.
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II. THE TUMEN RIVER SYSTEM AND ITS ESTUARY FEATURE

1. T he Tumen River System

T he Tumen River system consists of the Burhatong River, the Hailan River, the Gaya

River, the Hunchun River, the Wangqing River and the Tumen River. In addition, there are

also small branches directly entering the Tumen River or the above rivers. Quanhe Hydro-

g raphic Stat ion is the closest monitoring site to the estuary.

2. T he Estuary Feature

T he sketch map of the Tumen River estuary is show n in Fig. 1.

Fig . 1� Sketch map of Tumen River estuary

T ide cycle of the estuary is an important factor to judge the capacity of the pollutants

transfer and to decide the flux of land-based pollutants flow ing into the sea. Freshw ater fraction

can determine w hether the estuary has a tide cycle. M athematical expression is:

F = ( S s - S i ) / S s (1)

where: F is freshw ater fraction, i. e. the percentage of freshwater in total w ater of estuary; S s

is salinity of local f reshw ater outside estuary ( � ) ; S i is average salinity of river w ater inside

the estuary ( � ) .

Salinity for different sites inside and outside the T umen River estuary is listed in T able 1.

Table 1� Measured values of salinity of sampling sites 1- 19( Zhang, 1992)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Salinity

( � )
31. 8 32. 5 32. 5 31. 8 33. 3 32. 7 / / / / / / 32. 2 14. 3 33. 3 33. 3 33. 3 33. 1 0. 0
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T he salinity of site 14 and site 19 are 14. 3 and 0 respect ively . Other sites have almost

same salinity of sea w ater. It has known that freshw ater f low from site 19 tow ard site 14 ( see

Fig. 1) . According to the expression ( 1) , S s is sea w ater salinity and salinity of S i is 0. T here-

fore F value equals to 100%. The feature of the estuary is not effected by tide cycle. In this

case, the river reach ( 40 km) f rom Quanhe Hydrog raphic Stat ion to the site 19 should be re-

garded as an inland river.

III. POLLUT ION T YPE AND IT S PRIMARY POLLUT ION FACT OR

T here are a variety of pollut ion type in surface w ater and there are many environmental

pollut ion factors in different pollut ion types. Sel-f purificat ion capacity of different env ironmen-

tal pollut ion factors is different and the em ission by human act ivit ies is also dif ferent . There-

fore, they have obvious regional characterist ics. Pollution type and its primary factor in river

w ater can be determined w ith w eight ing coef ficient method ( Ye, 1989) . This method includes

contributions of f requency exceed acceptable standard and pollution intensity. Because we use

actual measured data for calculat ion, the arbit rary conclusion is avoided. . Its mathemat ical ex-

pression is as follow s:

W i = 1/ 2( A i / � A i + B i / � B i )

� W i = 1 (2)

where W i is pollut ion factors, A i is the average of frequency which exceed acceptable standard

for assessment pollutants i for many monitoring measurements. � A i is the accumulat ion of all

A i , B i is a rat io of monitoring average to acceptable standard for pollutant i . � B i is accumula-

t ion of all B i .

According to the monitoring data ( selected for only the pollutant factors exceeding accept-

able standards) of Quanhe Hydrographic Station, W i values calculated using the expression ( 2)

are listed in T able 2.

Table 2� Calculated results of pollution factors

SS COD BOD NH4- N Phenol Pb

W i 0. 14 0. 41 0. 13 0. 093 0. 197 0. 031

W i values in Table 2 show that CODmn is a primary pollut ion factor. Ev ident ly belongs to

organic pollut ion type.

IV. DETERM INAT ION OF POLLU TION INDICAT ORS AND CALCULAT ION OF K 1

1. The Regression Equat ion

BOD5 is usually used as an indicator of physical and biochemical process in w ater quality
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model due to dilution and degradat ion of pollutants. It is an important index of oxygen balance.

How ever primary pollut ion factor in the Tumen River is CODmn. In compliance w ith correlation

analysis a simple linear reg ression equat ion betw een CODmn and BOD5 can be made in order to

calculate CODmn flux entering the Sea of Japan.

According to monitoring data of Quanhe Stat ion during plent iful, normal and low w ater

periods f rom 1990 to1994, a simple linear regression equation is made:

CODmn = 4. 771 + 3. 306 BOD5

r = 0. 9614 � n = 10 (3)

T he relationship betw een CODmn and BOD in the Tumen River has a very good correlat ion.

2. Calculat ion of Oxygen Consumpt ion Coeff icient K 1

T he process of ox ygen consumpt ion for BOD consists of two stages. The first stage con-

ducts carbonizat ion of oxygen consuming organism during the f irst 7- 20 days w hen tempera-

ture is 20 � . The second stage is nit rif icat ion that is a very slow process. The carbonizat ion is

a major stage ef fect ing river w ater quality. So K 1 value can be calculated w ith two-point

method of Rhamede in the laboratory( Ye, 1989; Fu et al . , 1985) . The mathemat ical equa-

t ion is as follows:

K 1 = 1/ ( T - t ) * ln ( X / Z - X ) (4)

K 1 is a measurement value at 20 � in laboratory . Since K 1 is a function of temperature, the

mathemat ical expression is as follow s:

K 1( T c � ) = K 1(20 � ) * 1. 047( T c - 20) (5)

In the expression ( 4) , T c is t ime ( 2 t ( 10 d) ; t is time ( 5d) ; X is the value of BOD5; Z is

the value of BOD10. In the expression ( 5) T c is average w ater temperature ( � ) during the

year. Annual average temperature in the river is 9. 2 � .
T he samples collected in winter of 1994 were analyzed to determine BOD5 and BOD10 in

the laboratory, and the K 1 under dif ferent temperatures w ere calculated by the equat ion ( 4)

and ( 5) . The results is listed in Table 3

Table 3 � Calculated r esults of K 1

BOD5 BOD10 K 1( 20 � ) K 1( 9. 2 � )

22. 26 28. 68 0. 2487 0. 1516

V. DEGRADAT ION OF POLLU TANTS

During the process of pollutant entering the sea v ia rivers and / or pipelines, there is a cor-

responding decrease of pollutants ow ing to the diffusion, dilut ion, degradat ion and volat iliza-

t ion. In our study, the deg radation is considered as the primary process.
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1. Select ion of M odel

Since there is no change of tide cycle in the estuary, w e can regard the 40 km river reach

as an inland river and divide it into m small units w ith a length �X . Thus, each small unit

could be regarded as one complete mix ture reactor and the 40 km river reach to be consist of a

series of m complete m ix ture reactor. It is assumed that there is not any other source and leak-

age in this reach the reactions of pollutants is the f irst order dynamic reaction. The concentra-

t ion of pollutants can be calculated by zero dimension model ( Fu et al . , 1985) . The model is:

V * dc / dt = Q ( C 0- C) - k 1 CV

U nder a steady state condit ion, it can be simplif ied into:

Cm = C m- 1 / (1+ k 1 * � x / u) m (6)

where Cm is pollutant concentration of the m small unit of the river stage ( mg / l ) ;

k1 is a constant of the first order dynam ic react ion rate;

� x is the length of small unit ( m) ;

�u is the average f low velocity in the 40 km river reach ( m / s) ; w hen m = 1, Cm- 1

equals to C 0, i. e. the pollutant concentrat ion of starting profile.

Regard annual average of BOD5 at Quanhe Stat ion as BOD5 concentration of starting pro-

f ile, average of BOD5 was annually 3. 49 mg / l in 1993.

2. T he Calculation of the COD Concentration at River-sea Interface

T he river width f rom Quanhe Stat ion to the site 24 is on an average 3 t imes as large as the

w idth of Quanhe Stat ion. T he average hydrographic parameters provided by hydrological sta-

t ion of Yanbian Korean Autonomous Region are employed to calculate the annual average flow

velocity. It is 0. 22 m/ s, and the annual average runoff volume is 71. 81 � 109 m3.

T he 40 km river reach is divided into 80 small units and each unit is 0. 5 km. The BOD5

concentrat ions in all small units can be calculated by equation ( 6 ) . In our study , the term

( 1 + K 1* ( � x / u ) in equation ( 6) isa constant , the equation ( 6) then can be simplif ied into :

Cm = Cm- 1/ 1. 0013 � � m = 1, 2, . . . . . , 81.

C0 = 3. 49. (7)

� � T he calculat ion shows that in each small unit the BOD5 concentration is decreased by

0. 014 mg / L. Total decrease in the w hole reach is 1. 12 mg / l. Therefore, BOD5 concentration

at the site 24 is 2. 37 mg/ l. The concentration of COD entering the Sea of Japan calculated

w ould be 12. 61 mg / L.

3. T he Flux of COD Entering the Sea of Japan in 1993

T he mathemat ical expression of the f lux is as follows:

�243�



Q COD = CCOD * q w� / 10
6

(8)

where Q COD is the annual flux of COD entering the Sea of Japan ( t) ;

CCOD is the annual average concentrat ion of COD entering the Sea of Japan ( mg/ L ) ;

qw is the annual average runof f volume in many years ( m3) .

With expression ( 8) , the flux of CDO can be calculated as 905. 0 � 10
3
tons. It should be

pointed that this datum includes the emission from in northarn part of Korea and background

COD concentration.

V I. FORECAST

1. COD Emission

On the assumption that natural condit ions, industrial st ructure, environmental technique,

investment , product ion processes remain constant and no accidents take place, the pollutant e-

m ission w ill be almost in proport ion to the economic and populat ion grow th. According to the

planning of the four cit ies, the total COD em ission can be forecasted w ith the emission coeff-i

cient method taking 1993 as the base year. The results is show n in Table 4.

Table 4 � The forecast of population, gross value of industr ial output and COD emission

Yanji T umen Hunchun Longjing T otal

Populat ion

( � 104)

2000 27. 13 7. 40 12. 25P 8. 71 55. 49

2010 30. 0 8. 02 13. 4 9. 63 61. 05

COD emission coeff icient

of domestic sew age ( t / a� p)
0. 04283 0. 03271 0. 01068 0. 01173 0. 02449

Gross value of industrial

output ( � 104 yuan)

2000 276658 181652 230577 108490 797357

2010 1220460 515785 1258818 213416 3208479

COD emission coeff icient

of indust rial wastewater

( t / 104 yuan)

0. 005082 0. 425506 0. 092623 0. 0842656 0. 267905

Sewage CODmn

em ission ( t )

2000 11619. 8 2420. 5 1308. 3 1021. 7 16370. 3

2010 12849. 0 2623. 3 1431. 1 1129. 6 18033. 0

Industrial w astew ater

CODmn emission ( t)

2000 1406. 0 77293. 8 2135. 8 91419. 8 191474. 5

2010 6202. 4 219469. 8 116600. 5 179836. 6 522109. 3

Total CODmn emission

f rom four cit ies ( t )

2000 207845

2010 540142

� � T otal COD em ission f rom four cities mak es up 71. 22 percent of th e river system

2. Forecast of Flux of COD Entering the Sea of Japan

T he f lux of land-based source pollutants entering the sea is associate with its emission
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closely. The expression is:

Q = � ( ai , bi , ci , . . . ) q (9)

where Q is the f lux of pollutants entering the sea;

a i , bi , c i , . . . are coef ficients which associate with emission of pollutant i and less than 1;

q is the emission of pollutant i .

If COD is considered only , equat ion ( 9) can be changed into equat ion ( 10) .

Q = � ai * q

� a i = Q / q ( 10)

T otal COD emission for four cit ies contribute 71. 22 percent of the river system.

According to the COD emission and the flux of COD entering the Sea of Japan in 1993 �
a i is calculated as 0. 6047 by equat ion ( 10) .

T he forecast results of COD annual flux entering the Sea of Japan are listed in Table 5.

Table 5 � T he results of for ecast

Objective year
COD emission in the region

( � 103 t )

T he flux of COD entering

the sea in the region ( � 103 t )

2000 291. 8 1764

2010 758. 4 4586

V II. CONCLUSION

T he pollution of the T umen River is organic pollution type. Its major pollution factor is

COD. The estuary of the Tumen River is not effected by t ide cycle. The 40 km river reach

from Quanhe Stat ion to site 24 can be considered as an inland river. The annual flux of COD

entering the Sea of Japan w as 905. 0 � 103 tons in 1993.

T he COD annual flux of land-based sources COD entering the Sea of Japan is forecasted.

T hey are 1764 � 103 tons in 2000 and 4586 � 103 tons in 2010 respect ively.
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