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ABSTRACT
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SN 2 A5 G827 Yjof] REsh= §71E ool THAB I E 7HsAd o] Slol, §71E st RS lelA= coDet
TOC 24 9] {3 AP "Hash 7o = mekdct

We investigated the temporal and spatial distribution characteristics of chemical oxygen demand (COD) and total organic carbon
(TOC) in all 13 locations of Masan Bay from February to November in 2015. The COD and TOC contents were high during the
June-August period when the pollution load increased. In particular, the concentrations of COD and TOC were about twice as high in
the surface water as in the bottom water. In spatial distribution, the COD and TOC concentrations at the inner bay were about twice as
high as those of the outer bay in Masan Bay. As a result of estimating the oxidation efficiency of COD from the surface layer of Masan
Bay in 2015 based on the theoretical oxygen demand (TOD), it was at the level of about 23%. Due to the low oxidation efficiency of
COD, there is a risk that the organic matter in Masan Bay will be somewhat underestimated. Therefore, for quantitative analysis of
organic matter, COD and TOC analyses need to be combined.

Keywords: Masan Bay, Chemical oxygen demand (COD), Total organic carbon (TOC), Environment parameter, Dissolved oxygen (DO)
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S 17 122 TS 7 1ol] ofall Fa =l e I AdS 7R AL Qlom, sidell A e el o = ARgeh datopet eha
T ol T2 2t 42 trl(Hayase and Shinozuka, 1995). ERH-/J.0 =R E] -7l the] YYF2 AEEd e
= HIAR7IH, o E2] A= dste] A5l f71E2] S4 T EollEhe dollA o] AA-E ARAXITBroecker,
1974). 7122 BlH|2jof, 5= 5 HolEE ol s Hold-S 5ol g=H, o] FJEso| o =
7 &(Dissolved organic matter; DOM)= ol -0 2 =3} ESH SPSEC] ARAL 84S 2 HE -7
ol -Gl 5710k detritus) E©] YAH 57 1= (Particulate organic matter; POM) 2 ZAISHH(Libes, 2009).

Sl 17 2120l S0 wet ARl d A7 1 R 7= et Aol d f7 =2 rdEol ool 7 &
ofjelr, Eollrt weba] theke] AkAT ARE|o)(Ogura, 1975), A<l A4t AEE K Soetaert et al., 2006; Diaz and
Rosenburg, 2008). ‘REslld 17122 nPdE ] ool 2ol} ofge o5 d e T W= 712 oFoA Qlo] 5ol o3hs
S AR Hur et al., 2006). °52] 71 &5 w40k 2 A=F 4 8 415 Biological Oxygen Demand; BOD),
1P AEA Q75K Chemical Oxygen Demand; COD), Z~3-7|€H4x(Total Organic Carbon; TOC) 5°] L0, ul=}, A&, =<,
294 BN =550 7 EHE S5k= 75292 BOD, COD, TOCE Halfolod AR8stal QIt(Jung et al., 2016).

=UjoflX= FE 0] 1l H Sk 5 2ol 7Rt 71 A Y Bao] oA, RSV R =] oL A o=
S7t5to] CODE ST 7 gl f7 1=l tieh AR o] F21=] 12 Ith(Choi and Han, 2006). --2]U2h=2013 56 ¢
A7 B oA F8<(Bhd, 24 9] AJEeHE 710l TOC 7|52 AAsto] AJeiAIE Helotar et E3F2020d
19 1958 SRR Ate A= SamleAgAd e iR +471E, HeilEAlde] viEs871Eol
CODOJ|A TOCE f7]& 54 A|37F Heh=HA TOC 4-8RLE Sistal it

HhH 92201130 BE2HE 7|5 5 5 {7 1=(COD)oll thet 7|2 AfAlshal, FJ et A4 (857144,
SR EEET o, FYE, ASAAIIE o High 7|50 & 5 7 ste] A= sl - 5
At deflolet. 2ol okl sfehd 4o o] et s <ol 8- FFE T Sl dide] 44 Bk wl, CoD

U

[¢]

SfFREE AR 71l AAE COD AT L7t MR O =, f718& A7l AR 4151A| 9]
Fo= HE §71E &= FEMHMOF, 2018a). 7= W5t of 2} olpay, fR Yol 5 Sl e At vl
A-H|E]7] wizo]] 241 el fEAZF Qletal B R QIEk(Son et al., 2003). S5 5 TOC 4 =

0|83t -2 AR 2 27 5] AFSIAIZ] &, WA El= o[4St AE HIEATY Aol A7 2 STt 24 ek O]

TOC BARL ulaA A15hgo] w11 BAAro] g Aat4 9 Af@Ae] £rka 224 QlriJung etal., 2016).
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Ao Q1 mptER2 1970 AT) o] % A T AR TSR] E AFISA] 240 2 Qs @ ¢o] A3kE7] AlRsIel
11,1981 Faliete]] = 5l

A HE= [l H27H st stmls h Uebth o 2AIE siaah] sl hiths selet

Sadsid s A6, 2007 AL AFFHAEE Edst] o =tE fYs= 2
ol s Tl = weElstal glrt. TtV = 9 S 85 e 1710] COD (2.5 mg L), 22} COD (2.2
32}olli= COD (2.1 mg L), TP (0.032 mg L) STHMOF, 2018b). 20077H 57 ]%& #&] ]
E2 o5 3= CODE 24 Al sigell Ak dheslld 242 B fe 52 e 7] vl 7= A8 A%

02 845}7]0] thi 27} SITMOF, 2018a).
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2.1 9724

AR 10091 ode] Q17 AR A/ E T Aol EuiRte] Al Euiete] a2 Q] Risla/d igtolet. |t
Atgto] Q5] Q= A1) F 7S] WA 734.6 km’o|H, BFANTES] HHAL Ok 71 km®o]al, B YR =F1 1 422 ¢
Ax]o] QItChang et al., 2012). 7o) 52412 525 m(Bw 15 m)o|H, Ful=9F0.77 km’o|th. E3t A1 AL FHES &
sto] o Fol| oF 713,000 m® day' ] T4t ¥EO R w11 Qlrt. Wik ZF70] jafo] Ao elelia=e} o4 wekgo] of
14%0]) B35}t (Yoo and Kim, 2019). BFAFTEH] T Z24= 1.9 m, AF 2= 1.7 m, B A 2 =oF 1.1 m, F17 TH%

Q= 2F2.2 mOTKHOA, 2016).

2.2 ZAIYH

2015 mRRE 25 8 HF0] 2, GE, 8EDO0), 222 a (Chl ), COD2F TOC(EEH71242(DOC:
Dissolved Organic Carbon)+ A7 €t4(POC: Particulate Organic Carbon)) ] Al 57FH B EA-S ZALGILE, AR
A=24,49,59, 69, 7Y, 89, 99, 1180l AASI o, @ FEH 0] Foldo] F7Ick=6Y, 749, 892 A 23914 A}
SHATE ZAPEAE-S uhate)l SR OA 7H e ARI7ER] €F 30 km @] A=]of|A] 1371 48-& A5t FHZTARE AAlsH
YthFig. 1).
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Fig. 1. A map showing the sampling locations in Masan Bay.
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a1t FE-2 Aol A CTD (Seabird 19plus, Sea-Bird electronics Inc., USA) 2 =531 (initial accuracy: conductivity
0.005 S m™', temperature 0.005C). DO= A& Bol| 7| 7} HAISIA] L= tube S 01851 S5 35| DO Heof| %
1 $3Me) S 07 0 SIMEG S0 M8 AT £ el PSS A2 Bl
21T} 222 4= 90% OMIEC 2 22 P75 A (Turner Designs, 10-AU-005-CE, USA) 2 24515t

e 2ExELS 34'9:%]'7] S5l COD2}POC, DOC Al== @A A 2eh & YaE sk @%ﬂ@ w7 A5}
At} CODE=AEE E7te)/d o2 stof AR Q1 TP HibEdE 0 & AFh-g AlX] $(60421E, 100C $8) AH] == 2
S| o BR Y Jtada Aklsto] 4513 TOC 5= DOCSEPOC 5= 9] ?to = ALk E’r DOC #2418
A2 421,000 mLE 18] A28 GF/F ol7H2|(A7 47 mm) 2 o2kt o3k 4= 2F 100 mL= DOC 2418 A]
5=, 483l oif2]= POC FA48 A== o[- 853it B 2415 flof] AMFe Xe 27|, oz ]= AlA 2 450~50
0°C 3Jst2 oA 24471 oA S]5EA] & ARESIAILE DOC Algs —20ColA WaAIZl & AFAZ 4 TOC-5000A
(TOC-L, Shimadzu Co., Japan)E ©]-85} S5t EFEH-2 e AZER(KHCH,0,)S 08019, oot
A= 717F 98~107%, 0.14~0.21% AT}, POCE 7 [8HAE AlASE] $15l 10N HC1Z 25 1(acid fuming)she] A% &
tin capsule®]] &+ E]'— CHNs analyzer (Flash 2000, Thermo Scientific, USA)E A5t o, FFE42 sulfanilamide

Fl
m{m

Q1S5 ESEZ(Soil Reference Material

NCS, PN 338 40026)—4 94* 22 93~108% Mﬂr. ne g_w,g —sgoor; AT A] AI1EQ018)S 281G 00, B
915l SPSS (ver. 21) B4 == 1308 A}8-51%T)

3, Zia} U 3t

3.1 5[getE 2 ARE9| ZEEY

2015 ARt BS 22 6.07-27.77 C(ﬁﬂé% 1938£5.60°C) WISIGLT, A% 5L 6.18-24.34°C(A L 17.97
+4.90°C) 9] A Th Tables 1, 2, Fig. 2). —rio] of= A M3 A 4 9F6°C, AA M110A o] 2F9C 2 EA]
710l 45 7FoF3°C Afol & BN, ~20] =2 %oﬂ% A MI1A 2F27°C, A M4 23°CE 2F4°C 2fol7Frelst
oh. A9HA 0 2 AZoll= Sk o508 A48 -20] Folx o, o 5olle liSollA 508 445 Holr)=33t
2 HS}E HQle}. -2 7123 ol 5 2F-8.919] FkE WO H(Cho and Lee, 2012), G771t -52t apiHtellA] 7|22
229 o] AR O OF R2=() 90 2 ZQI}. T3 Uk 2 AL Mo Yo 500 ool o2 o] A A 0 7 =0 20 0]
HF(Lim et al., 2007)0] THAHTE - 2]Z 0|4 4=2-0] Al- A F7F Earo] ook n)d A o2 ekt

=271 0 -

-2 FZoNA 23.61~33.36( A 31.72+1.37), A50l14] 27.40~34.11(AH - 32.45+1.01) H 9= YEPATH Tables
1,2, Fig. 2). 5 FE-2 59 1627} 79 24 Q0] %&%30_115&%2 , BT G e TR TR A7) of] Hls) A4
20 &2 ZItH(Fig. 2). ©l= TR Al 710l Hlol] 55 739l 2Jslf tiwte] JHod B-fd o= QItt ofafo] Zid A o= ot

OFETH AP 159 B9 74 s Z ﬁ7¢ 109 mm, 123 mm)

EZ9IDO 5E=3.65~ 1242 mg L (6.18£2.56 mg L") 9= &
Soll Blsl #1504 ”EHXLE 7 1/}E’r‘)ﬂﬂ(Tables 1,2, Fig. 2). ?61 S5EFE FTAZIDO s= 2|7zl oH, 847t
2] Bt 2~5 mg L' 9] 2}ol5 H Y th(Fig. 2).
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Table 1. Minimum, maximum, and average contents of temperature, salinity, DO, chlorophyll 4, COD, TOC, DOC, and POC in
surface seawater of Masan Bay during 2015

Sampling Tempoerature Salinity DO Chl a COD TOC DOC POC

© (mgL™" (ngLh) (mgL™" (mgL™" (mgL™h (mgL™h

5 Feb 6.07-9.14 32.46-33.36 14.03-9.52 2.98-47.60 0.35-7.77 0.87-7.65 0.46-0.99 0.30-6.98
: (6.84+0.93)  (32.78+0.29) (77.56+1.23) (11.69+£12.03)  (2.05+2.02) (2.31£1.77) (0.77+0.16) (1.54+1.81)

9 Apr. 11.03-12.29  31.26-32.65 6.68-8.86 0.33-3.90 0.81-2.14 0.90-1.88 0.77-1.30 0.14-0.78
© (11.67+043) (31.96+0.53)  (8.03£0.78)  (1.08+0.91)  (1.54+0.45)  (1.43£029)  (1.05+0.16)  (0.38+0.17)

16 May 15.78-19.80  23.61-32.28 8.95-16.27 4.23-24.30 1.57-5.58 1.41-5.51 0.98-1.73 0.28-4.11
(17.73+1.11)  (3023+2.38)  (11.22+1.96)  (9.1445.69)  (3.13+£1.27)  (2.54+122)  (127+021)  (1.27£1.12)

9 Jun 18.08-19.55  31.95-33.17 5.01-9.85 4.64-33.00 1.73-4.15 1.81-4.16 1.05-1.69 0.65-2.51
© (18.77£0.50) (32.65+0.40)  (7.58+£1.37) (11.27+7.67) (2.54£0.77)  (2.67£0.66)  (1.35£021)  (1.32+0.54)

23 Jun 19.46-21.87  32.46-33.30 9.34-15.02 7.36-56.40 2.97-9.95 2.22-12.08 1.11-2.25 1.03-10.00
©(80.84+0.80) (32.94+030) (10.97+1.52) (21.51£1329) (5.1142.03)  (4.7242.54)  (1.68+0.39)  (3.04+2.38)

2 Tl 20.18-23.32  31.29-32.43 7.90-14.12 6.96-44.40 1.84-7.39 1.88-8.73 1.19-2.28 0.69-6.46
T (2227£1.01) (31.97+0.34) (10.89+1.48) (18.06£9.93)  (4.53£1.80)  (4.06:1.82)  (1.80+036)  (2.26+1.54)

24 Tul 21.19-24.55  23.71-31.36 4.98-9.69 4.16-24.72 1.30-4.07 1.66-3.52 1.05-1.95 0.41-2.12
T (22.86£1.00) (30.09+2.26)  (7.18£135)  (10.16£6.36)  (2.28+0.82)  (2.33£0.60)  (1.43+0.28)  (0.90+0.49)

8 Aug 23.10-27.77  30.71-32.57 8.30-13.48 1.45-24.90 1.04-6.19 1.77-8.15 1.43-2.91 0.33-5.52
" (25.51%1.30) (31.76£0.56) (10.34+1.54)  (8.50+7.00)  (3.15£1.65)  (3.92+1.72)  (2.2840.51)  (1.64+1.36)

18 Aug 22.41-25.73  29.45-32.29 4.80-12.90 2.65-76.00 1.36-5.55 2.00-9.19 1.23-2.04 0.54-7.53
©(24-89+0.68) (31.69£0.76)  (8.08+2.51) (13.55£19.75) (2.66+1.06)  (3.32+1.88)  (1.70£0.23)  (1.63%1.85)

14 Sep 23.35-24.62  30.11-31.77 3.65-12.70 0.54-23.52 1.31-5.24 1.84-5.80 1.36-5.08 0.43-2.46
T (24.16£029) (31212041) 6964239  (9.224691)  (2.70£1.09)  (3.22+1.18)  (2.15£1.20)  (1.06+0.59)

3 Nov 17.30-18.33  30.75-32.39 5.58-7.85 3.47-15.02 1.14-2.36 0.50-3.11 0.15-2.41 0.26-1.17
© (17.634028) (31.5940.52)  6.90+0.75  (626+326)  (1.624042)  (2.14£0.68)  (1.70+0.59)  (0.44+0.23)
Annual aver 6.07-27.77 23.61-33.36 3.65-16.27 0.33-76.00 0.35-9.95 0.50-12.08 0.15-5.08 0.14-10.00
" (19.3845.60) (31.72£137)  9.0642.40  (10.96+10.81) (2.85+1.67)  (2.97+1.69)  (1.56+0.63)  (1.41+1.46)

Table 2. Minimum, maximum, and average contents of temperature, salinity, DO, chlorophyll 4, COD, TOC, DOC, and POC in
bottom seawater of Masan Bay during 2015

Sampling Temperature Salinity DO Chl a COD TOC DOC POC

(©) (mg L") (gL (mg L") (mg L") (mg L") (mg L")

5 Feb 6.18-8.96 32.62-33.34 9.61-12.42 2.57-24.80 0.28-8.74 0.99-3.89 0.63-1.10 0.36-3.21
© (6.88+0.89) (32.88+0.23) (11.140.85)  (9.56+7.01)  (2.0742.22)  (2.05+0.88)  (0.82+0.15)  (1.23+0.91)

9 Apr 10.9-13.05 32.04-33.92 6.3-8.78 0.38-3.32 0.79-1.92 0.92-2.23 0.73-1.79 0.15-0.7
T (11.59£0.61)  (32.67+045)  (7.88+0.87)  (1.00+0.73)  (1.38+0.36)  (1.540.42)  (1.10+0.35)  (0.39+0.14)

16 May 13.85-18.54  27.40-33.80 3.48-11.39 1.85-17.50 0.44-5.76 1.1-7.43 0.59-2.38 0.51-5.05
(1620+1.48) (31.74+2.04)  (7.0242.56)  (6.12+4.19)  (1.98+1.37)  (2.84+1.61)  (1.15£045)  (1.69+1.19)

9 Jun 15.30-19.66  32.57-34.11 2.26-6.60 1.04-14 0.44-2.23 0.99-2.63 0.66-1.51 0.32-1.25
© o (1745£121)  (3324+042)  (4.62+1.5)  (424+43.73)  (1.14£0.46)  (1.70£0.45)  (1.08£0.25)  (0.62+0.29)

23 Jun 17.4-21.74 32.51-33.60 2.13-9.27 1.4-22.40 0.87-3.33 1.16-4.84 0.81-1.64 0.23-3.71
" (19.63£1.34)  (33.25£0.37)  (5.70+2.02)  (5.944536)  (1.84+0.78)  (1.9240.97)  (1.08+0.25)  (0.83+0.93)

2 Tl 17.73-23.12  31.66-33.30 1.47-8.33 0.86-10.80 0.92-4.10 2.11-3.97 1.06-1.98 1.06-1.98
T (20.14£1.63) (32.68+0.48)  (5.62+1.74)  (3.9242.79)  (1.89+0.86)  (2.68+0.50)  (1.34+0.25)  (1.34+0.25)

24 Tul 19.56-24.34  28.22-32.54 0.66-8.78 1.05-20.88 0.77-2.43 1.14-2.34 0.62-1.75 0.14-1.41
T (22.05£147) (31.22+1.15)  (4.924235)  (5.78+523)  (1.55£0.54)  (1.76£038)  (1.212033)  (0.55+0.35)

8 Aug 16.94-23.39  32.16-33.66 3.05-9.47 1.29-13.17 0.22-3.54 1.06-3.80 0.92-2.37 0.14-1.43
" (2032£1.70)  (32.80£0.44)  (5.66£1.79)  .(6.19+4.05) (1.48+1.10)  (2.24+0.88)  (1.50£0.51)  (0.730.40)

18 Aug 19.82-24.02  32.03-33.02 0.52-7.62 1.07-8.05 0.59-2.24 1.53-2.74 1.08-1.87 0.38-1.06
T (22.01£1.34)  (32.534028)  (4.2242.34)  (2.65t1.98)  (1.47+0.49)  (2.13£0.39)  (1.47+024)  (0.65+0.22)

14 Sep 23.34-2430  31.06-32.01 2.65-11.22 0.45-36.24 1.44-7.10 1.81-5.90 1.26-5.14 0.41-2.35
T (23812027) (31.44£027)  (5.36+2.25)  (7.0149.19)  (2.30£1.48)  (3.05£1.34)  (2.24+1.25)  (0.80+0.50)

8 Nov 16.42-17.82  31.99-33.74 4.52-6.85 0.68-13.30 0.65-1.93 1.47-3.22 1.16-2.84 0.25-1.25
©(17.584038) (32.504045) (5.92+0.66)  (3.56+3.11)  (1.11%0.32)  (2.22+0.56)  (1.67+0.47)  (0.55+0.27)
Annual aver 6.18-24.34 27.40-34.11 0.52-12.42 0.38-36.24 0.22-8.74 0.92-7.43 0.59-5.14 0.14-5.05
©(17.97+4.90)  (32.45+1.01)  (6.1842.56)  (5.09+5.19)  (1.65+1.09)  (2.1940.95)  (1.33+0.61)  (0.85+0.69)
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= T 18°C oo g2 0 27| AJARE 55U 16 UFE 215 DO 5= B+ 7 mg L ook= Hojx]7] ARFitk(Fig.

2). 64 9 ol= vk} SN B AH7EA] 9F9 k(PR M1~-M6)ellAl, 5 4=20] Bt 19T od o= =5 o 45

DOE H3.19 mg L' oJ6l= Weka1(Fig. 3), 8€ 18Uofl= BT W ~20] 25 CE w2 W] 2452 DO 55+ 22 6.03

mgL",2.31 mg L' & #Zof|A] 2F 2,68 Rkth(Figs. 2, 3). BT} Fokoll A Rt AHb7lz] &0l DO 5=/t B3 mg
tolo} A, - A5 422-3C oVF AE BT, o) At BEefso] FH NS & 4 A (Figs. 2, 3).

Autd 0 2 DO BE7} oF3 mg L o5t UH% J Z4=]2ka1 AJ OJRITK Tyson and Perason, 1991). 7|5 H3L2 Q19F

L
p

e
o,

[l

0|

BZ 29] STt S0l Q17to] hEolUli= YUEe] 53 miEel M AAIE o2 sfifollA] Blatas 14—4 Hgsfj o]
Z7t5k= FA|o|thDiaz and Rosenberg, 2008). H& —,—%9] Z7F= 420 AE9HE 40711, AE D0o] 58k AJTHA

ehs
7 HIAib44=1] A4S 714584 ZITH Diaz and Rosenberg, 2008). TFEE 254~ 5 DO et F2 15 -0 gkt
E(Park etal., 2018). Tt ~20] &2 A5l siAEHE U 7]E 2= s A5 sl & Ata 2R7FS71skal v
2Rl wte] S sliro] Egto] @S] o FojA|A] ¢hobd 52l DO =7t WA et Aoz AHT(Lim et al.,
2007). & ZAZIZE I 5L H 50| 2 A o= QIR AT YiAh= 0 QPYSEE HIAIA Sl A
© 20| A4 FF-E AP, G780 BallEls #golA A& DO Bkl G3S n)xl Ao 7 metkElckLee and Lee,
1995; Glibert et al., 2005; Rabalais et al., 2009; Tishchenko et al., 2016).
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Fig. 2. Seasonal variations of temperature, salinity, DO, and Chl ain the seawater of Masan Bay during 2015.
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Fig. 3. Spatiotemporal distributions of DO in bottom seawater of Masan Bay during 2015.
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3.2 CODO| A|R71X 2R EM

CODE= P Aot AZavta| 4| A8 U o] Hrleh= AL 24 o] 851 QJrt 538 o2 24| 4 Ba s
skl 9lom, 12} AlPA|(2007-2011d) COD ZHSA ZHe 2.5 mg L7, 2244(2012-20161)= 2.2 mg L, 3
(2017~2021'9)%=2.1 mg L' 2 AA51o] Tasf| @1 ek 2011 514|(5, 89) H520] COD 547k°] 1.85 mg L' 2 13}
YREHQ.5 mg LS 2EHeH, T A3 5(2006d) HH] 20101391 Ao 2 f05h= S0 dR-oto] °F29%
Z+2-5FSITHMOF, 2018b). T3t 22} 3£ w9l 2016\ 1A #Z0] CODE 2.18 mg L' & Pl 28-S DAFICHMOF,
2018b). Chang et al.(2012)3} Park et al.(2018)-=> TF:HFE] =9 cPd 0 2 HE Thji2 595l = @
ZkE)AE £9)(20074) 0] % M} 7h4gt A o2 B st

opibgtellA S & f71E ABRE ARSER= CODe & ZAPIRE Bt #5353 AFolA] 22} 0.35~9.95 mg L
(2.85+1.67 mg L"), 0.22~8.74 mg L™ (1.65£1.09 mg L") | Th Tables 1, 2). 25-2] CODE 24, 4%, 119 B2
mg L ]2 ok2 Al7]of v]sl ¥okr, 69 2395 79 2ol W 5 57H4.5 mg L o402 &QITH(Table 1, Fig. 4). &
5] 6LEE 8UHR] Tzo] A= Mt of 2uf oAt ks thl 9, 11, 29, 4ol FAZ 9] %57} S ARACKFig,

4). ‘578 0 &2 npARE(H7 M1-M3) 2] 35 COD B 557H4.01 mg L™ 2 91&o] v]a] oF 28] o]4 3294tk 19974

=
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Fig. 4. Seasonal variations of COD, TOC, DOC, and POC in the seawater of Masan Bay during 2015.
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(Park etal., 2018). 54| 52] COD sk $7H= S/ 2278 f7|2 34, Tl M f71= 719, sk &
& % T AFAIEE] 57150l Y= niFE A& HAlHsEt Qlth(Park et al., 2018).

3.3TOC (DOC+POQ)Q| Al37HM 2 EM

TOC (DOC+POC) ‘&= F-A4Z04 212+0.50~12.08 mg L™ (2.97+1.69 mg L), 0.92~7.43 mg L' (2.19+0.95 mg L™)
HOATK Tables 1, 2). £Z2] TOC B4 9Uo) Bt 1.5 mg L oJ5}2 W, 69 2387} 79 280 Bt 4 mg L
oo =2 EIth(Table 1, Fig. 4). 695 E 8972 = A5 HTE FFo|A Bt w7t oF 1~24 =81t} HF 945 E] 77
SO FLAp L Ak ] ARSHHA 114, 24, 44, 5971 B3H T A150A Fert o =AY -GARIE) of2jet @4
2 COD FEt-FARHEE gl HEItH(Fig. 4). 7152 - A3 sE A= ol 54l 4% A53= ¢lo) =4 welo]
ZjeE]o] COD, TOC SollM 244 5= 2jo|7F At 21 0 2 THEITK(Cho et al., 1998). 015 9 HEl= =3 9] ¢FA5}
7} oFaliA|ar -4 71 sl glo] Eidhof] A|HA 4574 §71E =Tt Al UERATHLim et al., 2007).

F71EC] e A5l T TOC st TR (3 MI~M3)ollA] 3B 4.18 mg L' 2 3 M4~M13 (2.61 mg
LYol vlaf oF 1.68l =34t ZAPITHET TOC S DOCRFPOCTF ARAIS = B2 2V} 9F 33~79%( Bt 58%), 2F21~67%
(Bt 42%) = DOC7HAITIA © & =S)tl(Fig, 5). QHHa] 0 2 FfoollA] 5718k % DOCE ¢F 80~90%S X}A|5(Bates and
Hansell, 1999), viruses, macromolecules 5-2.& F& 4 %|0] Q137, S elA|] Ho|gofA A EES] Holdo g 535t
S kAl Itk Sharp, 1973; Lee et al., 2004). et YIX[upiolA= 5t JH o] 3302 AEEZdT = A
of| whz} G o] tofe]] v Al 2] 0 2 -7 ]ehs 2 POC7 T AR5 = Hl8<] =7 LFERdTHRueler and Ades, 1987). A4S
HiES AT EH S22 09 FL7FEE A7)0l G719 5 POCT7FARA]SH= HEE©] 50% oVdo| At (Figs. 2, 5).

DOC 5= H2 1 2]Z0]| 4 21210.15~5.08 mg L' (1.56+0.63 mg L"), 0.59~5.14 mg L' (1.33+0.61 mg L") ]t
(Tables 1,2). EZo|A=A7121 02 29 590 B0.77 mg L' 2 2k, 84 8o Bt 2.28 mg L' & =Qtom, Z7H4]
O 2= nprh YA M1~M3)°14 0.46~5.08 mg L' (1.93+0.63 mg L) &2 1 €] A7of| ¥]5}] Bt 1.34] o4 &3kt
20081 8 Hof| F3l 'FAF5l9] 2] DOC §E 56~104 ¢ M (0.67~1.25 mg L) M= 819t Q1 A-ollM 5rt =
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Fig. 5. Ratio of DOC and POC to TOC in the seawater of Masan Bay during 2015.
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ol DOC 554=1.00~12.2 mg L 9] 2 ThfjZof| A 5571 =9 th(Park et al., 2009). T2 & DOC 5= upAar)
ARt HEAE S21e QIR HH|IAfAQ1 AQtollx] A7 12F AR X0l whet 5~108] oV S LeAtE Ho |, Tttt AFd A
SAHEE B Y50] 2 5l - ARIste] AR ol o= A8 4= Qlo B ZEA]] HUE RS S1t argo] Wasi:

oA POC k= FET) 2204 ZF2} 0.14~10.00 mg L (1.41+1.46 mg L), 0.14~5.05 mg L™ (0.85+0.69 mg
L") YAk Tables 1, 2). 49 94of B4 0.38 mg L' 2 7P Wk, 69 23Y0] Bt 3.04 mg L' 2 =Qtk(Fig. 4). 37+
2 0 2= upiat WE(3H M1~M3)ollA B 2.25 mg L' 2 71 9] A (B 1.15 mg L) Ect of 2uf = 4ch Aok =
A HE BFA= 200305 2006 0712] Z4=71(58)2E3471(78 H=8Y)°1 0.1~38.0 mg L' 92 24710 =4
o] &2 Aol A Frt = oW, o= AT EF=9] FakS T 73S AAIRITH Park et al., 2009). AX17361
A=1999~20019(102] ZAHSSHPOC 35571 0.2~2.3 mg L Y2 842} QIS g7 ol A =7 ek (Kwon et
al., 2002), 2|2} Q1R Uighol| ] HFA] g7 Z o A o = ek,

3.4 O|ZA A 2-1HTOD)= 0|83t COD Matedd 4

apAbk E2 AWF COD SE(2.8541.67 mg L2 TOC B5(2.97+1.69 mg L)'= GAKSHA.C W (Table 1), COD2}
TOC ‘5% Atolof] 2 2] JTJ(R=0.817, p<0.01)& BTt L+0] OmuraTrellA] ZARE Aol oJshH, afi4=0] wek
o] Lt H(R=0.438) Hrt slls7t A Aol 7 FEe] A Y(R=0.801)0] T2 A2 YERTHYuya et al,
2012). Sf5agto] EehA) o uhitet (I M1-M3)olA] F F50] T2 0.8 (p<0.01) oVo= vl F3
ck 1l Sl §718H 42 MoSA 7 8 71 Aol 14 Wik, o8 9 %20l TOC 3557k COD 0] vsf o3
Bj =7 LFERLE AFEHAofl gk n] A Ao 2 Holtt o] Al7|o]l A Mol 222 ¢ 355(76 ng L )7} =0t 4]
-] CODE] FH A Fe& v Aoz F=5r

sl & TOCO] ek COD 2A¥S o183t &) Aletag-a 545171 YsliA ol 224487 8{(TOD: Theoretical
Oxygen Demand)2 51 tH(Son et al., 2003; MOF, 2018a). 5= % -7 2-0] ZAJH] = redfield ratioS TH2rhal 7145}
& i, TOCO! et 57129 TOD AL ofelie} Zo] 712 AToh-ohed Whg-A o =8 AHEe 4= Qlrt.

Ml

=57

(CH20)106(NH3)16H5PO4+1380; «> 106CO; + 16HNOs + H;PO,+ 122H,0
N0/ AC = 138 mol O,/106 mol C = 1.3 mol O,/mol C )

21 (1)OA 1 mol o] BHARS A1SIA71 =] H Q3 AFATES 1.3 mol©o]th(Fig. 6). ¢ TAIXS vl e & 20151 upikqt
FEZ5 % COD (mg L9 TOC (mg L) 555 C Ak 12 g7 0, 332 g & 0851 B E 2 sHisto] & &
O] A RIAIE AT EQITh(Fig. 6). 2 (1)°14] =& TOD 7 HAA(TOD = 1.3 x TOC)2F 2015 mRARE H520f| A
ZAFE TOC2FCODL] B35 Afo] o] THAA(COD = 0.303 x TOC +0.014)9] 7]-87] 3+ Sl F4H 287 1€k4(TOC)
o tigt COD2] G71E A5t 8-8-& 2F23% (0.303/1.3)AtH(Table 3, Fig. 6).

ZAF A7 COD2 418} 882 7~39%9] M=, 49 9ol 7F £3117(39%), 84 18UFE 1197H4] 4135} 58]
7% WLIZ A2 02 WokthTable 3). 8 F<= ©% 11€7k4] TOC2ECOD 2] A AR = 0.2 oJot=2 AT A &
2] ket ol F Al710l AR A8 18U R M9; 99 14 33 M1, M2)ellA] TOCe] TRt COD 2] &5t HI-&o] /T
Ao = gol AR o7 Ars} ago] WA UesITh olF FHES Alelohd 8¢ 1997 94 14] A8t a-8-2 77}

38.6% (0.502/1.3)2} 46.1% (0.599/1.3)= Z7}5tich

.
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ZAF - E TOC] tighCODo) 415 822

Y+

O]
Ath(Table 3). 973 M9lA] 84 18]l ZAME 222 0 55(76 ng L')7H3E6] =7 Uepte
tiet COD O] &5 Hlgo| WA L4t} B8 Aol ke n|xl 2 o & Tekelnt. 84 18Y A4 M9oflA] AR ArHE
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Fig. 6. Correlation of TOC (mmol L") vs. COD (mmol L") in surface seawater of Masan Bay during 2015.

Table 3. COD oxidation efficiency in surface seawater of Masan Bay during 2015

Sampling date Surface
(Number) Slope Oxidation efficiency rates Determination coefficient (R?)
5 Feb. (13) y=0.412x — 0.018 32% 0.983
9 Apr. (13) y=0.512x — 0.013 39% 0.777
16 May (13) y=0.213x +0.053 16% 0.296
9 Jun. (13) y=0.379x — 0.005 29% 0.735
23 Jun. (13) y=0.282x +0.049 22% 0.885
2 Jul. (13) y=0.332x +0.029 26% 0.804
24 Jul. (13) y =0.349x + 0.004 27% 0.470
8 Aug. (13) y=0.306x — 0.001 24% 0.720
18 Aug. (13) y =0.088x +0.059 7% 0.171
14 Sep. (13) y =0.096x + 0.059 7% 0.077
8 Nov. (13) y =0.086x +0.035 7% 0.133
Total y=0.303x +0.014 23% 0.668
Samg\?:fgg;lons Slope Oxidation efficiency rates Determination coefficient (Rz)
Ml (11) y=0.315x +0.012 24% 0.640
M2 (11) y=0.307x +0.014 24% 0.799
M3 (11) y=0.404x — 0.011 31% 0.705
M4 (11) y=0.427x +0.001 33% 0.579
M5 (11) y=0.317x +0.006 24% 0.638
M6 (11) y=0.428x — 0.008 33% 0.822
M7 (11) y=0.217x +0.031 17% 0.552
MS (11) y=0.386x — 0.005 30% 0.727
M9 (11) y=0.115x +0.037 9% 0.321
MI10 (11) y=0.434x — 0.016 33% 0.696
MI1 (11) y=0.242x +0.012 19% 0.437
MI2 (11) y=0.311x+0.019 24% 0.778
MI13 (11) y=0.403x — 0.007 31% 0.635
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Al 2f5HE TOC] HiRt COD L] 418t B8-2 ©F37.3% (0.485/1.3)2 S7I5HAT,. b ZAFAIZTE, A AHE f7]2]
tieh COD A4 o] 1t} a-8-2 et 1~ P— HolFal glom, o A AR o FRbe Wel Te Ao wekdn:
WHRA AR A719F 2AF G E Aot el s 7517 Hleiie B Akma=o] it E b, Tt npttat o]
A 7 eae] tigt coDol Atet a-85 F7d517] AsliAe thiiell EAliske 7122 M 7712, d2shd 771

=)ol it 7180 AP E e 710 2 TAETHEom et al., 2012; Park et al., 2018).

UdEA 0 7 Ffjofoll A COD 4] G715-2] A5} §-8-2 30~50% =2 AA| =] JITKMOF, 2018a). E5H199914 99,
128 22000 19, 4Lof| IAAL, A} ohE, FATAMA 3745 COD2] 4t} 8-8-2 2F47% (Son et al., 2003) = =
Aol A FH3HCOD Ats} T-8(2F23%) K} &9ttt o) npal aj4=0] 47|18 Z hEsg E-So] Az o g wo)
ZA517] w521 7.0 2 THETH Price et al., 1974). £5HCODLFTOC 41 2o 2 ¢l6f|, 2 COD AL 87131HE2)

ZAJe] wet fr1Ee] Bafl o] 2to|7F iAYelal, TOC 242 124184 0 2 (7| &0] B &iro 2&514] $47]
T Eofl(Yuya et al., 2012), TOC 54 Z1}o] H]3]| COD =7} WA Urepd 4= glo & At a0 2 AFs) §-80] Hake D]
2= 710 2 mete) olggt ol G2 (7|80 A5l G840 W COD Skt upihat ¢1oto ofzakvta] A o] AJ3) 2
B ANE EEshke e S AagrH S e HY 4 o WEbA CODEFTOC 55 7H] H] il #-410] H e shH,
tlorsl S Q olvte] ATAS AEsjoF st @A all4=2] & | E 2 Ja] ARRE T Q)= CODE TOCE T |7 tiA|
Sh= 22 E5k& oI A 4= QLo U, CODLFTOC 415 Hal TAlsto] AeE FA7E 5 M4 02 TOC P55 L4
A% o= Ao Yis ZAs HES Bart Al

m
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