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Spatial and Temporal Variation Characteristics between Water Quality

and Pollutant Loads of Yeong-il Bay (1)
- Seasonal Variation of River Discharge and Inflowing Pollutant Loads -
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ABSTRACT: This study investigates the seasonal variation and spatial distribution characteristics of pollutant load, as executing the quality
valuation of pollutant load inflowing into Yeong-il Bay from on-land including the Hyeong-san River. Annual total pollutant generating rate from
Yeong-il Bay region are 202ton-BOD/day, 620ton-SS/day, 42ton-TN/day, and 16ton-TP/day, respectively. Particularly, the generating ratio of the
pollutant loads from the Hyeong-san River is greater than that of any other watershed of the Yeong-il Bay, of which BOD is about 78.2%, SS
88.5%, T-N 62.5%, T-P 73.1%. As calculating Tank model with input value of daily precipitation and evaporation of 2001 year in drainage basin
of the Hyeong-san River, the estimated result of the annual river discharge effluence from this river is 830106 m". As a result to estimating annual
effluence rate outflowing at the rivers from each drainage basin, annual inflow pollutant rates are 10,633ton-BOD/year, 19,302ton-SS/year,
15,369ton-TN/year, 305ton-TP/year, respectively. The population congestion region of the Pohang-city is a greater source of pollutant loads than
the Neang-Chun region with wide drainage area. Therefore, the quantity of TN inflowing into Yeong-il Bay is much more than T-P. The
accunulation of pollutant load effluenced from on-land will happen at the inner coast region of Yeong-il Bay. Finally, we would make a prediction
that the water quality will take a bad turn.

1.M 2 g A, YR FEE FAY 622 F9HA 1,166k

Q1 3o M, F3AIZER: BIAZHEF7] 71822 F3bAt

AUk FRF A S G52 s olEE AR xga] BHIL HIFAE vl T8 shHeEMY AgeEe] "ol

Fag Uiy UEE Eu3(F AU Atole] oF 10 kme] A9 Z:ZﬂP_i el FLuh e F=29 Kol & FeR
el A FRE ol2olxl 3WE WwolchFig 1). 22t £ BIE ¥k ATHAVIE), 199).

FADE MEE TR FFEANA wiEE e A5 olel ZdE T(20022 YL FARS AHAE T M)
ZEAAGGAN EEE A4 So] gUnte] fglgoz AAEY A0S FASRRHY WS AdHS 1Y
® T RER e Arigo] Fvlete] JUvhiY o] ¥ # 2FEAY AUNFTI(FI] AMAL)0R Husgon, v
ofshE L Sle AR oIt A Y 5, 2002) Y FRGshEA A oR FoHdP S FUA 29ER
Ty 9 Ed FRdYe 3, WS g ol FYY 23] 284S A=
&3, ZRAH] 37 wie, Erge] BAIBHE Fol 1o oldw o] YIS HIRd 8 vt diF-Ee] gl
W, olgd edEAY £¢ %@ oz 3 odRIF {AAozRE odEA f9o] ZrtsheE ATl 4R
(COD) 3 JLIF(T-N, T-P)¢] 57} 5 2 A 294 ¢ nslEke] A Wrhe A £204 YIS Fof
Y Aste} vEo} Az B 2ggs 5 vl £ 2 AHA } At FYLdSd w3 AudAsdE fs A
o mAE el ZA Ik ALK B 5, 2000). 53] ¥ a7Eo A AP tHEFA §, 1999). 21} 34
Ve EFF FAE HeFdA s, BAFA £ 34 of W2 ¢ dusEke = . A7|HQ SFAES uwrddtA
949 MBS B - AFFHeRE Uyl 28}
A SRRE 9 2QRaTe) AT 54 ¥
g 5 9 9E A-REEEY TEHE 5 Adse]

4

b
0141..
Hu

i
-

ALAR G0 QG FABAA] 7 ) d3E 5991
051-620-6222 yoonhans@maill.pknu.ac.kr

L0 Lo >
f“.u‘“{”'
JiO-‘;a

23



N
o
e
o
o
0
i)
=il
o
il

%
0
o
a8
dr
gﬂ
o
e
o,
N
QL‘
N
o
(%
>
0l
N
30,
2
3
&
5
e
r:(z
o
e
o
ey
-
BN
e
e}
e
)
>
-
i
2%
o
£
9
fr
%
N
1
23
o
_(?L
9]
N

o=
dedRalRel YA WHE 59T AP ol WET, A, 7} Tanke] FETIN FEHE FEY WA H
g fUeARHTe WY WEE ) UE YUV 3 25202 AYshe Rdo|t), Tank WU 3 ¥ Tanke]
of A - B0H WEENS FUT ATANE AR 4ol sude vewt 2o,
o] & ATE FU FFYL ARNFe] FA7 7)o} A X,—X +R—E M

Y WE R FHH PESHS 2B B,

Qy=Ay- (XI_HO) ()
Q=A,-(X;~H) ©)
P Gauging station S1=Bi- X, @)
~— Hyeong-san river o714, R=7-9-#(mm/day), E=324HHmm/day), Q,, Q,

- Watershed division

s
% % 1 FEHmm/day), Ay, A =%F 2 1D &A1,
5 R 199 bigelx §E37A9 Fol(mm),
X =AFLmm), X' =1Y99 AFI(mm), S, =HFF
(mm/day), B,=FAGolck 3 F @R 05} Tankel| A2
7184 g 2o

X,=X;+S; ,—E ®)
Qi=A,;- (Xi_Hi) (6)
S5;=B;- X )

A71N, Qv HEFmm/day), A, =gkl HEAL,
H=igre] vpetola 4237b209) Folmm), X =ive] A%
Amm),  X;=ALY ¥ AFLmm), S =ive] AF
(mm/day), B=igre] FEA|Foltk HFHOR 2t Tanke]
F%e T oS 4 @2 Fi SHARFoR ARk

Q(m'/sec)=( Q0+ 3 Q)< (kn)/864 ®)
Evaporation
A Tank | Rainfal]
Fig. 1 River basin of Yeong-il Bay and location of the =Z vy L‘LQQ
selected stations Hf%l: Q,::
2. MZ W gy Wéﬁ*
2.1 RAREDY T& N LOH
Tank RHE 0)478A] BRF QDY A7) 45Te 243}
ool H ®ol AFgEE E2¥(Yokoo et al, 2001; Hashino et sz ‘
al, 202)0 2, tJBie] TIE $3 WHo] Ba 2z} uA - |
We BAA B 4282 e sl ukel, Tank 2de - @
UY FEFE FHSA o) Fxel Beda He o) 9 |
#A87) ATHGE MM E& Ryoz by o Tﬂs J
(Sugawara, 1986; Lee et al.,, 1995).
B A7 AW PR 488 98 Fig 29} 7o) 474 - |
o] Tank7} 82 Wjx1H cascade2 DS T2 2 Tank B
e SHFFS 2AHOZ 1Te EEH2(T7)02, 290] s, ¢' 4
W), 2k FHHE(F 13UAE), 39E 271/ HE02~3712 =¥

A%, 492 TG 2(LINE)S BasE S a7 Rl 2

FoZ FABHE Ao =, Fig. 29] $-20 Lol Aslke Fig. 2 Schematic diagram tank model



QAT FA NI FAe Al - FTA AEEA() 25

g Tank 2d 73524 87X vidss £ 18702 2.2 oY siMfReEF AF N e

A AR Eee AZEEARSE FES 5 e, AAdvihz egEdo] fY=EE 4 “0‘}7:‘i° TT‘;:E.T——'_' Fig. 1
Whe HEFAT HEF T L ATPAT 5 A3, B4 2ol AT Of 2R -2, B FAW) o
2 939 AFnE & F Stk A 59 ARYor FEE ﬁ’éﬁ}ﬁi‘% £3] _x_#usgﬁﬁ_
FUAL w9} AHS Ul - 2FHT TA) AEHS D 23

o [ ° DT g JlE SAxE 2 RS 578
ol et % W o HURAE BASET. e A4NE) Be eavaEy
gig] omen P e 30 g6l arEeAE A 5998 SR 23Rse

60

Eoo- o E 001 wupes 2w 5o RS WO Tank 2

c 90 4 [+] - =]

2 80 4 | 1008 BE AR A stk

g 10 202 Tank 2Ee %A 71T B0l U W upES 2]
60 - r i ) .

& 1 wok @ AT vAESEE BHAA el SR e) 7
0] : e 3ol 8THE B0l Atk mebd B avelie BRol
21 Freperster o O §E@Re) nNE A thuse) nAo] Brisat
Nl 1 EmE, 49909809 AT} SR A FAK1989, 1992)9]

JAN FEB MAR APR MAYT;;';(;UOI.n:\r:J)G SEP OCT NOV DEC X}Eoﬂ}q x.]]}\]E]oi/:(l uH7H%:‘r‘_ _IQ’_Q_':] X]/\ol-?l;(]—g}gl /\01'3'& :3:7:“
28 o) g3t} L3t 7)1E AgolA AR FEehs Wizl
) L — A8, | -

Fig. 3 Monthly precipitation and evaporation(2001) QA B 27 57 e pEseny gEHod Ag
w20 sol BEe B s 2/1e AR, & dpEs
o] 2001V Eo AR WS AL BAS)

PR Table 1 River discharge of each area(year of 2001)

W

2 0 Month River discharge of each area (x10°m)

D 250 | 1 il m v v VI

g JAN 0.45 0.23 052  38.20 3.4 1.39

R FEB 035 018 040 2981 245 109

S 150 | MAR 041 020 046 3415 281 1.24

g APR 021 01l 024 1779 146 065

> _

2 100 MAY 053 027 061 4470 367 163
50 1 JUN 219 110 251 18476 1519 673

J\Mw — JUL 100 050 115 8459 695 308

O T JANFEB "MAR' APR NMAY JUN JUL 'AUG 'SEP 'OGT NOV DEC AUG 056 0.28 0.64 46,84 385 171

Time(month) SEP 167 083 191 14067 1156 513
Fig. 4 Annual variation of Hyeong-san river discharge(2001) OCT 1.44 0.72 165 12148 9.99 443
NOV 060 030 069 5054 415 184
DEC 043 022 049 3648 299 133
. . Total 984 494 1127 83001 6821  30.25
Table 2 Pollutant sources from six area basins(year of 2001)
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Cattle Pig Sum
Head Sum Sum Field quc(liy Forest Lot Others o
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Table 3 Pollutant sources

Ttem Pollutant sources
Source BOD SS T-N TP
Population Urban 62.0 62.0 775 1.63
(g/p - day) Rural 51.0 60.0 7.75 1.63
Korean cattle 6400 3,800.0 128.0 72.0
Livestock
(g/h - day) Cow 1700 43450 1625 187.0
Pig 125.0 356.0 20.40 16.80
Field 71 7.59 2.33 0.17
Land use Paddy field 512 441 2.33 0.17
4 Forest 87.59 277.73 0.759 0.027
(kg/k - day) Lot 096 126 055 0013
Others 0.96 1.26 0.759 0.027
Wastewater “Clean”area 30 30
(/) "A“area 60 60 239 6.8
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Table 4 Daily total pollutant loads generating from six area basins(year of 2001)
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(Unit: kg/day)

ce Total Populations Livestocks Land use Industrial wastewater
Ar BOD SS TN TP |BOD S5 TN T-P |BOD S5 TN TP |BOD S5 TN TP |BOD SS TN T-P
I 4427 6741 1246 32 2,564 3,117 389 81 20 108 4 2 793 2466 16 1| 1,060 1,050 837 238
I 3897 5610 1277 340 2279 2770 346 72 79 451 16 9 399 1,249 7 1| 1,140 1,140 908 258
M 176% 20150 7,751 2,097 | 9399 11,068 1428 300 6 34 1 1 371 1,138 13 1| 7920 7920 6309 1,79
IV 158338 549461 26,161 11,742 | 10460 12,306 1,589 334 (42,512 255891 9835 7544 |82,776 258,674 1425 75 122,590 22590 13,312 3,789
A% 13487 27598 4635 1,335 | 2788 3,280 423 89 598 3,328 135 107 | 5091 15,980 86 4| 5010 5010 391 1,135
VI 4472 11358 785 226 791 931 120 25 194 1061 44 35\ 2,767 8,646 47 3 720 720 574 163
Total 202,317 620918 41,855 16,062 [ 28,281 33462 4,295 901 }43409 260,873 10,035 7,698 | 92,197 288,153 1,594 85138430 38430 25931 7,378
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Fig. 6 The monthly variation of T-N loads

Table 5 Annual total pollutant loads of year 2001

Pollutant loads(ton/year)

urce

Area BOD ss T-N T-P
I 1,615.86 246047 454,79 11753
(22 1.1 2.9 2.0)

I 1,422.41 2,047.65 466.11 124.1
(L.9) (0.9) (3.1) 1)

m 6,459.04 7,354.75 2,829.12 765.41
88 (3.2 (185) 13.1)

I\ 57,793.37 200,553.3 9,548.77 4,285.,83
(78.2) (88.5) (62.5) (73.1)

v 492276 10,073.27 1,691.78 487,28
6.7) @5) (111 83)

VI 1,632.28 4,145.67 286.53 8249
(22) (18) 1L9) (L4)

Total 7384572 22663511 152771 586264
(100 (100) (100)

(100)
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Table 6 Monthly total effluence rate at Hyeong-San river
W Total effluence rate(ton/year)

Year BOD COD sS T-N T-P
JAN 783.1 771.6 6723 632.8 18.0
FEB 3577 530.6 858.5 1,042.4 179
MAR 263.0 4235 700.1 3344 26.1
APR 2758 300.7 2775 3508 152
MAY 871.7 992.3 9476 19123 8.1
JUN 2,254.1 34181 8,240.3 668.7 314
JUL 972.8 972.8 1,2435  1,15848 46
AUG 299.8 632.3 3138 565.5 0.2
SEP 759.6 1,758.4 1,18L.6 817.0 145
ocT 680.3 1,822.2 1,287.7 7412 129
NOV 465.0 303.6 581.2 3736 6.4
DEC 339.3 539.9 7770 1,021.3 65.1
Total 8,322.2 12966 17,081.1 124,308 2204

Egl%e(%e 14.40 - 852 100.41 5.14

% Effluence ratio=Effluence rate/Pollutant generationx100
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FE AR ZoE A FREL 10,633ton-BOD/year,
19,302ton-SS/ year, 15,36%ton-TN/year, 305ton-TP/yearo]%{T}.

Table 7 Annual total effluence rate(year of 2001)

Yearly total effluence rate(ton/year)

urce
Area BOD SS T-N T-P

I 232.7 209.6 456.7 6.4

1 204.8 1745 468.0 6.7

m 930.1 626.6 2,840.7 41.3

v 8,322.0 17,081.3 9,618.2 220.3

\' 7089 858.2 1,698.7 26.3

VI 235.1 352.2 287.7 45
Total 10,633.6 19,302.4 15,370.0 305.5
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Fig, 10 Distribution of inflow pollutant loads(2001, Spring)
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Fig. 12 Distribution of inflow pollutant loads(2001, Autumn)
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Fig. 13 Distribution of inflow pollutant loads(2001, Winter)
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