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Abstract

Masan Bay is a typical enclosed coastal sea and receving body of discharges
from Masan city and Changwon city. A POTW (Publicly Owned Treatment
Works) started operation from November 1993 when the population of drainage
area increased abcent 1.0 million and the effluent from this plant has being
discharged to the enclosed sea where is located at 15km distance from inner
Masan Bay. Thus the inflow pattern to Masan Bay has been changed.

The main objective of this research is to evaluate the relationship between
urban wastewater discharge and water quality change in a typical coastal
zone. It is necessary a) to evaluate the change of input loadings, b) to
determine the effect on water quality changes, and c¢) to find the respective
importance of improvement options that must be controlled in the wastewater

treatment plant. It was concluded that the sea water quality has being
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adversely affected by the discharge of insufficiently treated urban wastewater

and the nutrient removal in wastewater treatment was very important and

urgent.

Keywords: enclosed coastal sea, inflow pattern, wastewater discharge, nutrient

removal
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1 Map of sampling sites in Masan Bay area
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o 53] sdv]de s FAY 2EEER Silte] F8 Source §A 9 Z3 Moz A
g8 vElvE AEstEAH B 7bee dE=d etz e AHET Mo 3Fol g Ao
dog FA& us o Gzl B3 o] = Ay dE9 AE E A, AFFe wling
3EHEH 4537l AFsle 49old HiF 10To) Cycled E3 3¢z AL A vHKang, et al,
o g F7hstal, 6~10974= 20T o)Ae # [1987]) whakwt} 7&—8— A Do A%
Astd 11Ul A o3 29 FE7A9 oF 374 A EFAEY 22 Aste g3t W v
45 A YA g2 Hz7t A" #AA Bl ot}
ol LAk Aok Adn a4 FFELHRFE ZWUY oHEAE
whatRk §98 fEE=2 PRI 2 Ay = 3 5o LH9ARE FI dA”AH B 8E
(Table 1) X7} 803%% 7} we WAE z Hoz §9EY, A4 BAL §YIE A
Asti ol (AMLFY, B FAdA F90 BAsle A9 B, £84 2HL AN B
WA E[1995]), A9 S F5Hoz AAL Ao F3z FAAAY AEAAA FF ol&H=
H8 AFolr] witel o]fe] oy en, <Uztg F a2 A AZom HASA doi(e]zd
ol o3 o - HFrt Hste FA, A, Y 5{1991], Bostrom[1988], Forstner and Salomann
A9 A E wE "dREH g3, 7] A [1991]). &3] Aot 12 #HHA side A=
WEEE 4% - Hg Fo] wivtez AH FEH §23 ABRUE Aoy FogHYH &
T892 Ut 53] 9719 RunoffAld] o9 JEE Aol Fa9 Yoz EHFHm gle
EALS} f7]80) sHor fYddvdn Bustn (Ebise & Goda[1985]), 2Az &4#9de o
UTH zHY 5[1994]). S 2AF wE spibdite] $-2luel detsd
olgigk wiatwlk feistzle] S WREL f F FZol 7t UE Aoz YEtHIAER
718 2 AEXMe MY EHe magz TAHY [1997]). =S whakwr 442 fE2UHE A5y
Nom, olE EAEE TEITT FEH] 3%, oF 10%%to] whAbuikel A E3sta glo] whabwt
AEFo] 27%, R 67%, Azre] 3% FA ol 2ddEe dlg A SAUAAM
H 2 et ok A[1989)). whakRE iRk el L glei(e) 3 F(1994]).
o A EdTAHL AEA 22% HEA] 77%, aEm, 97d dAl o wEae] 0WE HE
2ot 19, Aol 0%=2 FAEH o F= o gdte Y% strAEde 1 Aelerh S
AES AEARZAN FHatdrt AR w8 ¢ WHREHIL Ut B8] d4d¥ozx RG] 3
AR zZAEH ok miMgEe] AL FL& Y43t Zrpgrg] el 7] wio] AZHNANAE FEFE
2 F A7 Admelg vustH vuzd Age A Aoz gHEAT
EHAE 7HA D low, B QHAEELS v4 HAd g2 R odd @ Ratgd w
Heol Aol pasiA FaAHL 28 g4 + 2t Ao st A3y, LdEZe] A% HA
FETt ol F2e & W wiee] A so] o otgdFe] ¢HHFez HEFoldrh 53
<, TEE, SRR 5 2e LEEY vpabgka} o] Rojokslrl olm AbRE AYE
FRI AN £30 BE HHLd=E T S 3By AdAe Bdds 229 AA
LA nErxe] g cddeR L
Table 1 Classification of area in Masan city and Changwon city (Unit © km?(%))
Area ) ) . . i
City Residencial |Commercial| Industrial | Green belt | Not classified Total
Masan 10.85 341 414 115.22 13.00 146.62
Changwon 15.23 2.88 15.30 180.46 3.65 221.52
Total 26.08(7.11) 6.29(1.71) 23.44(6.37) 295.68(80.30) 16.65(4.51) 368.14(100)
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A ojol & BE, o]d UdAM 2¥d % R HEZ x FEFHdoz AMdsAYh dH §%
ol uisk gk Hrheh ey, 23 Aol & #£4 (C-500A, Japan)& AH&3ste] A&k
g a st} o, 9} o] AxE BF d¥WAR FE5£

ool B ATE do 448 oA Fa  J1ELE 43S WAL AFE 3 1A A
Aol FHar, vk foo] A e &F He ®-A-3Fo2 FESA Van Do A
o EA B2 A4S AHFssds, sheA 712 AAstgn, FPEE A7 109029 Secchi
fAe sguEe A% e HsE aHs) disc® Argatdiom, Age] FEE AUy
%o} Standard Methods(APHA[I1992])¢} -4 Q57

Al RI[1992]0] F38tSATt.

3. 24 % uH

st 1370 AR 1992 129914 19964

08l AA oAU Al % o4 BEg 19939 1ARE & ALAege) el w
Qom, dee 19009 5ARE 19069 sz o PR Auwere Sl oigsl Gl
gwe zAEg R, 2 ZAXAEL Figld 2t o, 22 239 mpikgt FE o oju st g
Gdrs B 432 AP et e CIAL AETHE S

stdoly dige ERHA @v 4 A Hy

FRA AFeAh. A fFe £4 g4 31 LUSAY S& X R

9] NEAAG EAol sel dgvie] BA

ol AAl gol 32 WRE FUFCR S 7 Aoy 9o REXE YEUY) A AR
AR SARALH, THL poled g 0 A A vhIAAE B, dFFTUAALS CAY
WEel azlel mek 3~5709 AelM FAsel oz ywo] ma BASYT FYLARYY

Table 2 The percents of dissolved and particulate component relative to each total component

(Unit : %)
Element . . N -
D -COD P -COD D'-TP P -TP D -TN P -TN
Area
A 67 33 70 30 83 17
B 67 33 65 35 82 18
C 55 45 74 26 83 17

D= : Dissolved, P** ! Particle

Table 3 Comparisons of TSS, COD, TN and TP concentration of streams flowing into Masan Bay

among three grouped areas (Unit : mg/L£S. D)
_ Ele. TSS COD TN TP
Site, Year
A 93~94 34£19 49+20 21109 1.08+0.46
95~96 b2x25 85*21 31£115 2.09£0.63
B 93~94 42+ 22 72129 33+£14.2 1.82+054
95~96 53%+35 91£28 351182 1.839=0.81
C 93~94 87+25 8725 35+18.2 2.09+1.52
95~96 45+ 17 118+59 49*159 2.491+0.96
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Table 4 Water quality of streams flowing into Masan Bay from Dec. 1994 to Oct. 1996

Ele. H DO Temp EC TSS COD TN TP
Site P (mg/L)| () K gxmhos/cm) (mg/L) | (mg/L) (mg/L) (mg/L)
A-1 [7722045|47+25|195%287| 709£149 |796£51.6| 111£52 3492012491 | 2.893£1.197
A-2 [800X057|7.7£26|195%18.8| 129811937 |46.6£34.9| 83+48 |[32.925116.679| 2.083£1.382
A-3 [7.36%£0.41|53*£1.6|181+£9.2| 576x125 |289%19.1| 56£22 | 24.489+9.860 | 1.300+0.710
B-1 [7.06+044|3.8+29|182+81| 1266263 :386*285| 98£38 |32.184+14.333| 1.656+0.697
B-2 [7.45%£0.33]39x3.1(183£7.8| 702+143 54.1+29.2] 106+35 [37.069222.599 | 2.179+0.951
B-3 [758+£0.39/5.0£3.4|195+72| 644*118 147.4i33.9 832 [29.802+20.329| 1.902£1.026
B-4 [752+041]48+28[179178| 6464185 '459%30.3| 89+33 [30.236+11.695| 2.065%1.008
B-5 [752+041|59%=34|17.4%=80| 593%+155 '485%=283| 90£22 |31.561*16.573| 1.640%+0.750
B-6 [753+0.28/66=28|17.3=81| 530%148 '49.7£36.1| 82%25 |32.736%17.376| 1.704:+0.907
B-7 [7.53%£0.35|5.4%:3.4|184184 | 544+123 :46.7+£30.2| 68%22 |31.041%£16571| 1.563%£0.963
B-8 |7.47%£0.30|54%x27|171+£76 609213 ?48.4i44.5 76E25 [33.040F11.062| 2.150+0.814
B-9 [792+050[6.1F24|181£88| 939%£473 944%+949| 129127 |37.598+17.454 | 2.201£1.074
C-1 [743£0.28|56+1.9(20.326.4|4,45512669 45+17.0 | 118£59 [48.771£15.919 | 2.493+0.962
FF EAGUE FE37] 93 GF/C A=A (1.2 sodF A - o] 774 2dzte] fFEAGH f
mE AFste] BEY LT dAAH AEe= A4+ FE=WIE Table 3 AASIT.  93d
TR oen 1 AAE Table 20 YA Y5 B/FE AR 94d 274 = A
e atde SS HHEFEEE A, B, C AFelA dHoz shEel HA &ga vhakitom o {9
z+z} 52mg/L, 53mg/L, 45mg/Lsiew, COD ko Aol s A T2 pLEI0
Teme oF Bmg/LEA Gy dejeh §E4 egEde) vEE F A9 ZFEIF Aghel w
el TRl B A7 A BAH] 67% A% g} Z7)els Aol BAYY FA(TP) v&e
7b £EAHE F4EH, C AFL 55%A AL 1.82mg/Lel A 1.89mg/LZ 2 W37t gida, C
2 ZAME AT Age TSS w%e gad zoz uUgwht
A2(TN)E= C Aol = Ho 488mg/L, A, (Table 3).
B A9& Z7 3L lmg/L 31.2mg/LE ZAFE S vpabyl -9l 4ol A5 E Table 4o e
on, AL(TN)Y FUYFEHE A B, czlcﬂow Howkel ol pHe oF 754%91eW,  DOE
77 83% A=t SR ARCE FYEA, 56mg/LEt AV|WEEE A B, C X9 Zz
$-71el 2 wErl ¢gle Aoz vpehwh OJ 861 ¢ mhos/cm, 719 #ohms/cm, 4,455 # mhos/cm
(TP)Y] 25 A 2 A7, AN Hd% 2, CAYellA 53] A vehd 32 C A9 3
TE 209mg/l, BAEL 190mg/L, C AEL P ARAARZZY S Yol glog zZF HE
MomgLE T AT AUNIEA A el G4 SR ALAYL DA
27 dudE 2AdAAE ARG FAE YAA Qlou 7t Z7|dE w50 =7F 7%, A
A E-o] 30% o™ $71¢ Runoffrldl gt oF 50% 9649 102 AxAlol= 2~3%, e
AEe H&zA FYHE Aoz dEya 3l g9lo] 9= Ao & 5345}91;}.
t}l ole YE o HinumaZd F92 RunoffAl ¢
g S el T R FULE NS 3) opater oyo] @0t sl
i zlo]7b 92t Takanobuinoue &  Senichiebise,
2 9 o] A = % AE7L x4 A
RS bl P e % S S SE oA AP AT R
g HBoz £ Aow UEYE RO Ts}’%:‘é:"é‘ Tablefdl el I, Ady o9
2 zA 2 RaFy BIE Fig 29 UrE}lH‘%iE‘r =
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Table 5 Pollutant loadings to Masan Bay (Unit : kg/day)
. Fl ate,
Kl o e TSS COD TN TP
Site m°/day
A-1 80,476+ 58417 | 64061 3,014 8932* 3038 | 2810% 730 233t 70
A-2 83,206t 55954 | 3877+ 1,953 73221 2686 | 2,740L 933 173+ 77
A-3 104,095 t 65,194 3,008 1,275 5,829+ 1434 2,549+ 643 1351t 46
B—-1 23,219+ 13,686 896t 261 2,275+ 520 747+ 196 38t 10
B-2 73290t 39,695 3961+ 1,159 7769 1389 2717+ 897 160t 38
B-3 58,730 + 50,528 27784+ 1,713 4992+ 1617 | 1,750 1,027 112+ 52
B—4 26,791+ 16,211 1,230+ 491 2,384+ 535 810+ 190 551 16
B-5 69,438 +. 45676 | 3,368% 1,293 6,249 1,005 | 2,192+ 757 114t 34
B-6 50,9324 28,596 25311 1,032 4176 715 1,649+ 497 87+ 26
B—-7 58,934+ 37,070 2,752+ 1,120 4008+ 816 1,829+ 614 92+ 36
B—-8 14,731 % 13,540 713+ 603 1,120t 339 487+ 150 32+ 11
B—9 6,530 & 5995 617+ 569 843t 761 246+ 105 14+ 6
Cc—1 193,608t 24,944 8712+ 424 22,846+ 1,472 9,442 + 397 483t 24
Flow Rate(m3/day) 267,777 “WMMM 382,601
SS LOAD(kg/day) mﬂllﬂlllllﬂl 13 921%&1@[&[{&1@&&@ 18,852
33,816
12,427
704
40% 60% 80% 100%
MA area OB area BElC area
Fig. 2 Area characteristics of input loadings to Masan Bay
Table 6 A comparison of input loadings to Masan Bay
Element Flow rate TSS COD TP TN
Year m’/day) (kg/day) (kg/day) (kg/day) |  (kg/day)
93~94 648,305 1.264,740 | 31,9451 18940 | 40,697 £15,180 999 590 15,015 18,159
95~96 843,985 455,506 | 40,855 £ 14,877 | 78,745+ 16,327 1,728 2.446 29,968 17,136
FAIZE FrY WA f Y F OB F Y gy, A —?— 18 Bluwg o 7|7 A7
821,649 m'/dayd o™, 9413 109 o] u T} o] % o 38u ¥, 94d oldA wlmPL W o] F7}
o oF 27%9 F¥EFE7H7F YERtH(Table 6). ok 2892 "7}# UE AoR bt (Table 6).
TSS+ 40,355kg/day A7 vwhibgloz /95 2 ZA Y] EEXEE AdxYe] 13921kg/day
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Table 7 Changes of sea water quality after the operation of wastewater treatment plant

le. Salinity, % | COD, mg/L | SS, mg/L | TIN, mg/L |POs,-P, mg/L| Trans, m
Site A B A B A B A B A B A B
S1 291 | 306 | 741 | 550 | 134 | 87 | 1728 [ 1.422[0.051 | 0.052| 08 | 1.4
S5 300 | 308 | 568 | 468 | 9.7 | 84 ]1.007|0897]|0.02910040] 12 | 1.8
S7 303 | 310 | 568 | 455 | 88 | 69 |0.788|1.401[0.021 |0071| 1.7 | 1.7
S8 304 | 311 | 461 | 381 | 82 | 68 ]0783]0.79810.0241 0056 19 | 24
S9 307 | 311 | 442 | 358 | 76 | 65 |0.730(0.700 ] 0.020 | 0.024}| 21 | 2.6

A After discharging, 1994. Jan.~1996. Aug.,

B : Before discharging, 1990. May.~1993. Dec.
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Fig. 3 Analysis of sea water quality data in Masan Bay
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