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Abstract — Long-term variations of environmental parameters in seawater of Masan Bay from 1997 to 2016 were
studied to understand changes in water quality from before to after the introduction of the total pollution load man-
agement system (TPLMS) in 2007. The concentrations of COD, TN, and TP, which are mostly used as pollution
indices, were at their highest levels in August when the pollution load from land runoff increased, and consistently
declined from the beginning of the investigation in Masan Bay. The average annual concentrations of COD, TN,
TP, dissolved inorganic nitrogen (DIN), and dissolved inorganic phosphorus (DIP) in surface seawater decreased
by 20%, 55%, 55%, 77%, and 81%, respectively, when compared to those prior to the introduction of the TPLMS
in Masan Bay. Therefore, water quality in Masan Bay has improved considerably since the TPLMS was imple-
mented. On the other hand, COD concentrations in the inner part of Masan Bay have increased in August since
2005. In order to improve the quality of seawater in Masan Bay special management area, it is necessary to iden-
tify the cause of contamination and intensive management of the inner part of Masan Bay.
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Fig. 1. A map showing the sampling locations in Masan Bay. Abbre-
viations (MS: Masan Bay, JH: Jinhae Bay, HA: Haengam Bay).
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Table 1. Maximum, minimum, and average contents of temperature, salinity, pH, DO, COD, chlorophyll a, and SPM in surface seawater of

Masan Bay during 1997~2016

Samolin Temperature Salinit H DO COD Chla SPM
ping (C) Y P (mgL") (mgL") (ngL™) (mgL")
Inner part of Annual aver 3.81-28.30 2.52-34.30 6.12-8.99 3.76-14.91 1.07-6.43 0.17-71.00 0.60-34.40
Masan Bay HATAVEL (16.3247.08)  (30.1544.17)  (8.17£0.31)  (9.09+2.42)  (2.99+1.25) (13.24+10.71) (7.64+5.45)
Feb 3.81-7.13 30.94-33.75 6.12-8.58 6.64-13.72 1.07-5.12 0.17-27.73 2.30-17.30
: (5.79+0.93)  (32.5640.57)  (8.1120.39)  (10.85+1.73)  (2.44+0.80) (11.17+7.48) (7.68+4.11)
Ma. 13.00-20.51 24.27-34.30 7.48-8.99 4.66-13.85 1.28-6.43 4.04-32.88 1.20-22.50
Y (17.45+1.50) (30.8242.02) (8.29+0.30)  (9.4842.34)  (3.53%1.25)  (4.08+6.88)  (8.10+4.39)
A 19.40-28.30 2.52-32.50 7.53-8.86 5.49-14.91 1.65-6.43 1.11-71.00 1.80-34.40
ue. (2521£1.72)  (25.96£6.32)  (8.29+0.27)  (8.86-2.50)  (3.81£1.29) (18.92+14.75) (10.13%7.60)
Nov 13.44-18.61 27.31-32.51 7.72-8.27 3.76-11.56 1.10-4.27 1.57-52.46 0.60-20.67
: (16.84+1.36) (31.24+1.03)  (8.00+0.13)  (7.18+1.45)  (2.18+0.74)  (8.81£9.50)  (4.67+3.38)
Outer part of Annual aver 4.55-28.50 21.03-33.98 7.67-8.79 3.64-15.59 0.14-6.64 0.12-44.60 0.60-27.10
Masan Bay " (16.53£6.46) (31.59+2.42) (8.1820.21)  (9.07x1.87)  (1.98+1.06)  (6.86+6.57)  (6.18+4.28)
Feb 4.55-11.50 32.25-33.98 7.67-8.52 6.66-13.44 0.14-3.19 0.21-21.90 1.40-16.85
€o- (7.37£1.82)  (33.08£0.47) (8.09£0.20) (10.01£1.58) (1.58+0.72)  (5.26£5.32)  (6.57+3.90)
M 13.49-20.36 29.04-33.79 7.77-8.62 3.74-13.01 0.69-6.64 1.05-20.70 2.60-17.00
4 (16.57£1.32) (32.29+1.13)  (8.23+0.18)  (9.33+1.71)  (2.21+1.21)  (6.47+4.60)  (6.01+3.26)
Au 22.56-28.50 21.03-32.81 7.78-8.79 5.03-15.59 1.23-6.50 0.12-44.60 10.40-27.10
& (25.07£1.48) (29.17+£3.50)  (8.3120.24)  (9.18+2.28)  (2.62+1.19)  (11.13£9.44)  (6.58+5.30)
No 13.54-20.01 26.20-33.10 7.83-8.47 3.64-9.91 0.53-3.00 1.19-13.25 0.60-22.80
V- (17.12¢1.33)  (31.82+1.11)  (8.08+0.14)  (7.78+0.98)  (1.50+0.58)  (4.57+3.27)  (5.55+4.47)
Haenoam Bay Annual aver 4.92-30.00 22.50-34.08 7.72-8.94 5.05-15.20 0.88-6.51 0.78-50.45 1.20-26.30
& Y ©(16.7546.74)  (31.5742.34)  (8.23£0.22)  (9.95+2.13)  (2.50£0.96)  (9.45+7.70)  (6.98+4.84)
Feb 4.92-11.62 32.44-34.08 7.81-8.54 5.66-13.52 0.88-3.20 0.97-22.05 1.20-24.80
: (6.91+1.44)  (33.0840.37)  (8.16£0.20)  (10.86+1.86) (1.98+0.76)  (6.88+5.60)  (7.20+5.35)
Ma 15.35-20.00 29.80-33.44 7.82-8.62 5.05-14.35 1.61-5.18 4.12-15.77 2.80-18.00
Y (17.08+1.22) (32.21%1.13)  (8.27+£0.20) (10.20£2.26) (2.46+0.82)  (9.79+3.57)  (7.16%3.90)
A 23.78-30.00 22.50-32.76 7.72-8.94 5.34-15.20 1.30-6.51 1.20-26.30 0.78-50.45
ue- (26.00£1.64) (29.0643.39)  (8.35£0.26)  (9.80£2.43)  (3.18£1.16)  (7.03£5.48) (12.25+12.69)
N 13.33-19.32 30.11-33.06 7.95-8.57 5.82-12.53 1.45-3.79 2.07-19.28 1.50-24.00
ov: (17.00£1.39)  (31.92+0.57) (8.15+0.17)  (8.95+1.53)  (2.36+0.66)  (8.90+5.25)  (6.52+4.80)

2} 5.02), 20061 8ol 19.88% 71 WSk}

RTT T ThOIXFEE(PH)I FEAA(DO) F
6.12~8.99(*3 i: 8.19+0.26), 3.64~15.59 mg L'(H - )
mg L) WS90tk B3 5 DO 5 23 4 (9=0.0774)
o] Yo wbd AF5F F DO Tt Fod g os £ 59
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th(Fig. 4). 31+ 5 DO T5+ T2 T, 9, A EEFIEY
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(Cole et al., 1992). vF:HE A5 5 DO 5= =20 2Jall 2
FS v o g Yepg o, 559 9 AEEHAEY] 3
T PgelM FFH Akkel Q& 23 Dot ATt A
Ao Wgtel Zlow ekt
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S7FE Qlste] S o FFor gl Faldo] STtk 8
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Tt dde) St A2 YERTH(Fig. 2). o5l #d53% COD
FEO ARE 5] flste] rRRE S AT 915 S
TESI] E5 F COD T A7 s oS ARkt vl
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Fig. 2. The long-temporal variations of environmental parameter contents (temperature, salinity, pH, DO, COD, chlorophyll a, and SPM)
in surface seawater of Masan Bay during the period of 1997~2016. The trend line is for the data of total Masan Bay.
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Fig. 3. The long-temporal variations of environmental parameter contents (TN, TP, DIN, DIP, and Si(OH),) in surface seawater of Masan
Bay during the period of 1997~2016. The trend line is for the data of total Masan Bay.
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Table 2. Maximum, minimum, and average contents of NH,", NO,, NO,, DIN, PO,*, Si(OH),, TN, and TP in surface seawaters of Masan

Bay during 1997~2016

Sampling NH," (uM) NO, (uM) NO; (uM)  DIN (uM)  PO,” (uM) Si(OH), (uM) TN (uM) TP (uM)
Innerpartof Annual  0.04-96.14  0.00-17.99  0.00-90.14 0.10-133.34  0.03-8.06  0.08-4491  5.93-416.80  0.15-7.62
Masan Bay  aver.  (11.62+15.54) (1.24+2.24) (10.41£16.59) (23.27427.65) (1.41£1.70) (14.50+11.85) (52.55+53.49) (2.43+1.63)

Feb 0.04-63.11  0.00-258  0.01-90.14  024-9221  0.03-334  0.08-14.84  5.93-416.80  0.15-7.05

© (7.83+11.78)  (0.62+0.54) (10.79+18.50) (19.25+21.25) (0.79+£0.95) (4.24+4.58) (58.78491.55) (2.04+1.81)

Ma 026-6227  0.00-271  0.01-71.00 027-123.50  0.05-7.26  0.61-38.94  18.27-153.04  0.77-7.62

Y (9.89£14.40) (0.58+0.67) (8.52+14.16) (18.99426.52) (1.25+1.55) (11.94+11.99) (52.61+33.66) (2.46+1.48)

A 0.07-96.14  0.01-17.61  0.00-80.64 0.10-13334  0.03-8.06  0.54-35.50  12.19-149.80  0.92-7.31

U8 (15.44421.28) (1.90+3.27) (14.70+23.24) (32.04+40.17) (1.83+2.48) (15.16£9.39) (51.41+35.80) (2.93+1.78)

Nov 027-57.71  0.09-17.99  225-16.69  430-77.62  024-5.18  7.46-4491 2534-14145 1.19-6.19

T (13.32+1226) (1.8542.72)  (7.6122.98) (22.78+15.32) (1.75+1.24) (25.8548.60) (47.06+26.64) (2.54+1.36)

Outerpartof Annual  0.01-49.79  0.00-3.82  0.02-4838  0.23-70.05  0.00-691  0.02-3891  3.71-392.27  0.29-6.46
Masan Bay ~ aver.  (5.1146.84) (0.6120.62) (5.55£620) (1127+10.62) (0.79+0.97) (9.20+8.04) (31.27+39.39) (1.38+0.88)
Feb 0.57-49.79  0.05-129  0.36-24.88  249-5721 001326  0.14-12.89 69539227  0.30-6.46

" (7.8649.94) (0.55£0.31) (6.70+5.95) (15.11£11.82) (0.68+0.68) (4.55+3.78) (40.25+71.09) (1.40+1.17)

Ma 0.01-15.04  0.00-1.59  0.02-18.80  030-29.43  0.02-691  0.02-19.71  3.71-61.16  0.29-3.08

Y (2.7843.55)  (0.31£0.33)  (3.73+4.70)  (6.82+6.97) (0.70£1.27) (6.38+527) (25.57+13.74) (1.20+0.74)

A 0.09-28.00  0.00-3.82  0.04-4838  0.23-70.05  0.00-4.72  039-3891  8.40-99.14  0.50-3.68

US (4.9946.64) (0.48+0.69) (5.20£9.17) (10.67+13.99) (0.75+1.16) (8.27+9.13) (25.72+17.60) (1.29+0.75)

Nov. 0.14-1557  0.14-352  1.80-13.31 3312836  0.34-2.85  5.06-29.17 12.93-136.71  0.35-5.00

© (4812470)  (1.0740.73)  (6.5943.02) (12.47+623) (1.05£0.56) (17.59+6.02) (33.68+24.16) (1.630.78)

Hacneam Bay Annual  0.02-42.94 000371 0015406  0.09-100.71  001-13.70  0.02-23.01 ~ 29329642  0.29-19.06
EAMBAY  aver.  (6.1848.99) (0.57+0.70) (6.58+10.92) (13.33+18.04) (1.6742.45) (6.78+6.71) (38.04+39.77) (2.43+2.81)
Feb 0432121  0.02-1.00  0.12-36.93  1.22-50.02  0.02-623  0.06-11.87  3.76-296.42  0.40-7.97

© (5.7945.65) (0.42+0.30) (6.46+9.34) (12.67+1336) (1.26+1.84) (2.80+3.50) (44.22+66.83) (1.81+1.96)

Ma 0.02-17.72  0.00-128  0.01-1931  0.17-37.13  0.01-13.70  0.02-17.64  2.93£6527  0.29-7.13

Y (42545.65) (0.30£0.37) (3.56£5.75) (8.11x1048) (1.76+£3.33) (6.25+5.63) (31.29+16.02) (2.11+2.01)

A 0.05-42.94  0.00-3.71  0.04-54.06 0.09-100.71  0.07-639  0.42-21.80 10.88-127.52  0.62-19.06

U8 (1033£14.28) (0.71£1.03) (11.46£18.01) (22.50429.30) (1.7242.13) (4.96+6.24) (40.43+33.18) (3.59+4.59)

N 02129.07  0.07-229  043-12.99  0.98-36.93  0.109.68  0.75-23.01  6.61-106.53  1.13-6.02

OV (435:6.54) (0.83£0.76) (4.85+3.70) (10.03+8.82) (1.9342.36) (13.08£6.60) (36.08+25.35) (2.19+1.34)
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Fig. 4. Plots of temperature vs. DO in (a) surface and (b) bottom seawaters of Masan Bay.
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Fig. 5. The seasonal variation of DIN:DIP molar ratio in surface seawater of Masan Bay. The y-axis is the log value.
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Fig. 6. The changes of COD, TN, TP, DIN, and DIP concentrations in surface seawater before and after the introduction of the Total Pol-

lution Load Management System (TPLMS).
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