"m Check for updates

gh=2ol| 2%2tA - ol X|sts| K| https://doi.org/10.7846/JKOSMEE.2023.26.1.34
J. Korean Soc. Mar. Environ. Energy ISSN 2288-0089(Print) / ISSN 2288-081X(Online)
Vol. 26, No. 1, 34-48, February 2023

Original Article |

—3Ho(}: ]/K-] —,—,—7 ] _?__ "'7{].'?/] 7‘]4&/‘1 il'l'7 ]E]-—/’):(TOC)”]
7(-1%. 7VsA) ATt

24 el Al el - ol - YAS - o FAM
GRER IS ERE R i
| QA 28|42 B33kt Al

IR T A 3
SIFEA T SfekrAA )
sk g oA A
SR TR kA A
(ERERESEREEE

=

)~O

Applicability of Total Organic Carbon (TOC) as a Organic Pollutant
Management Indicator in Marine Environments

Junsik Woo', Taeha Kim?, Mi-Ok Park’, Hyemi Kim*, Yong-Woo Lee®,
Seong-Gil Kim®, and Hyojin Lee”

!Senior Engineer, Department of Environmental Chemistry,
Geosystem Research Corporation, Gyeonggi 15807, Korea
’Principal Engineer, Department of Environmental Chemistry,
Geosystem Research Corporation, Gyeonggi 15807, Korea
3Senior Researcher, Marine Environment Monitoring Dept.,

Korea Marine Environment Management Corporation, Busan 49111, Korea
*Assistant Researcher, Marine Environment Monitoring Dept.,

Korea Marine Environment Management Corporation, Busan 49111, Korea
’Senior Researcher, Marine Environment Monitoring Dept.,

Korea Marine Environment Management Corporation, Busan 49111, Korea
%Team Manager, Marine Environment Monitoring Dept.,

Korea Marine Environment Management Corporation, Busan 49111, Korea
"Executive Director, Geosystem Research Corporation, Gyeonggi 15807, Korea

O OF
i =

A %5 COD(Chemical oxygen demand)®llX] TOC(Total organic carbon)@
A3 WAl gk F eAdo] tiFHaL ol EH"J%WOW e 9 ¥

7] 18l AA s ol AREE AL Sl )= el A13%SQ] CODe} v
Ak aasich. Aot dkld f71%e) Ak B8 selep] 19 201305 20207 aARkAS

N
_Y&

°] TOCS} COD AR E 0]8-3F] AlFzHA”l WelE sletslg]l 0w, Toce tidt COD2| #AXE o] 83k COD2)
Absl 8-S AN WD} 31 A= E o]8-3F ToC ti$t CODY Al 82 4~23%= YR a8 37 Al
71 ollA AAE COD Akl @831 30~50%01 HX[A] Kok 2102 YERLTE. sllofollA] TOCSt oD 3

7} shob A2l WEke 2 akA kot wolv, 7| COD AR T§ % 71Fek S 91814 Sl S4B
A

AHEE) S AER percenie, MHE) )% 0154 45 7 0.2 ek sl 718 el e st
i A6 254 COD M= 1711 Bl ko] £ TOC} i AL ebieh. b 54 8709]
HlZ 715 3 o] TOCE A Eo], 54 sl el %4 W 5497 BelAAle) A 355 9l

[e)
o
ST oM = FARE A= delshs Zlo] Ziéfi A0 ekt

fCorresponding author: hjlee@geosr.com


https://crossmark.crossref.org/dialog/?doi=10.7846/JKOSMEE.2023.26.1.34&domain=http://jkosmee.or.kr/&uri_scheme=http:&cm_version=v1.5

Z3olA f71E

B,

© ) AEEA

A7 1EA(TOC)S 4§ 7V AT 35

Abstract — As the organic matter pollution management indicator used for domestic terrestrial environments has
recently changed from chemical oxygen demand (COD) to total organic carbon (TOC), the organic matter manage-
ment indicator used in marine environments needs to be reviewed. To understand its potential applicability as an
organic matter pollution control indicator in marine environments, TOC needs to be compared and evaluated
against COD, the organic matter management indicator currently used in marine environments. In this study, to
understand the oxidation efficiency of organic matter in the ocean, we identified temporal and spatial changes in
organic matter content using the TOC and COD data observed marine environments from 2013 to 2020. We calcu-
lated the oxidation efficiency of COD for TOC using standardized data, which was 4~23%, which did not reach the
COD oxidation efficiency of 30~50% suggested in the standard methods for marine environment in Korea.
Because the correlation between TOC and COD is low in the ocean, direct conversion is inappropriate, but TOC is
applicable if the percentile used in the domestic land environment is used with the existing COD data and the stan-
dard. To ensure the continuity of the land-marine environment and the linkage with the land environment manage-
ment system, and to examine the oxidation efficiency for quantitative organic matter, TOC is suitable as an
indicator for managing organic matter pollution in marine environments.
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Fig. 1. A map showing the sampling locations in major coastal regions in Korea by the Korea Marine Environment Management Corporation.
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A1 kel 1 TOCE AL A7l what ¢F 1~27]19] o1 32]&
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QF YRR Q1 A W A A/JE T TOC: 2.6 mg/L, it
COD: 1.9 mg/L)ell H]3 A 07 =2 f7)5 52 BHelon,
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upabgl 3HA o] TOC 555 1.3~61.4 mg/L(B ¢ 3.7 mg/l),
COD F%+ 0.3~10.0 mgL(E T 3.0 mg/L)o|d, Fajvto] A=
TOG:= 1.4~25.5 mg/LC3:t 3.0 mg/L), COD= 0.7~7.9 mg/LCE+
2.7 mg/LyES1E YR, vlabgt E7el TOCE 1.0~9.0 mg/LCE
Tt 3.2 mg/L), COD¥= 0.3~7.8 mg/L(E T 2.2 mg/L)°o] ™, 2 aqk
o TOC= 0.9~7.5 mg/LEHTE 2.4 mg/L), CODE 0.7~3.0 mg/L(
B3t 1.6 mg/LH9I= VERdTh vk lsieke] 7= e
SHAlell =1L sA W S-S Holal §low, QItel AAX|FE FAE
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e ST RY S 1% SRl SR o £
V% BF, WA A A71E 719, A8 G o FE Y

T AFAIRRY] 57T 5ol e Hlai% Zoz wug vl 9ok
(Park ef al.[2018]).

TjF-0] xelA] TOCKT COD7} e & 35 B3t
COD #4112 f7131t=9] Al wet f7lee 28 £ &
2R a1, TOC F48 AP 0 7 f7)5-9] Rl &0 o9&
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ZAJH) = redfield ratios WHETHY 7HY 531 S Wl(Redfield et
al.[1963]; Baker et al.[1999]), TOC®] th3t 57 134 TOD A
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(CH,0),0s(NH,), H;PO,+1380, <> 106CO, + 16HNO; + H,PO,
+ 122H,0

AO/AC =138 mol O,/106 mol C = 1.3 mol O,/mol C

HES2olA B3 1 mol] Bhaghe AFslA]7 )= 3 28k AkARRe
1.3 molelth. AAZ S Aol 487702 F71sktads tid
O o] AR AR QT o] BARI T IHAE Felo] ks
Bk 0] BH)S 13 Ay} 1.24% YERSHTHChoi er al [2015]).

21 (HellA =& TOD 7#2)(TOD=1.3xTOC) %} 7} &l
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& &3l ToCl gk coDe Ake} G-8(w/1.3ys F~g3ISTHTable 1,
Fig. 3).
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Fig. 2. Seasonal variations of COD and TOC box-whisker plot in seawater of major coastal regions during 2013~2020.
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Fig. 2. (continued)
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Fig. 3. Correlation of TOC (mmol/L) vs. COD (mmol/L) in surface and bottom seawaters of major coastal regions during 2013~2020.
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Table 1. COD oxidation efficiency in surface and bottom seawaters of the study area
Surface Bottom
Sampling area Slope Oxidation Determinatio? Slope Oxidation Determination
efficiency rates  coefficient (R?) efficiency rates  coefficient (R?)
Inchen y=0.0289x+0.048 2% 0.031 y=0.0265x+0.049 2% 0.030
Shihwa lake y=0.1552x+0.045 12% 0.260 y=0.0787x+0.056 6% 0.147
Gunsan y=-0.0058x+0.085 0% 0.019 y=0.0340x+0.070 3% 0.083
Mokpo y=0.0576x+0.036 4% 0.125 y=-0.0067x+0.045 -1% 0.007
Masan Bay y=0.1240x+0.049 10% 0.265 y=0.1209x+0.039 9% 0.180
Jinhea Bay y=0.1950x+0.010 15% 0.563 y=0.1362x+0.013 10% 0.427
Busan y=0.1338x+0.019 10% 0.163 y=0.0726x+0.024 6% 0.108
Youngil Bay y=0.0019x+0.048 0% 0.001 y=0.0065x+0.046 1% 0.005
Fow TRl AN 2 Aold Ash GRS A A ] Fel] 2 sl EAR: FAL AW, HE Ak, Felwe]
789 EFA 2%(R*=0.03), A5oA] 2%(R*=0.03°17], Algtee - AiAoR o] W 7] Akst 888 Bolon, el o
E5OMM 12%(R*=0.26), ATIA 6%(R*=0.15)%, wAF AR 3 A] BF affe]l nlal w2 ol glnt. o= hdelld a5 171
oA 0%(R?=0.02), A5l 3%(R*>=0.08)F, H3E A% HZF T HEdld Bdeo] A oR wol T wio R I

2

14 4%(R*=0.13), A& —1%(R*=0.01)Z FERIT}. nlibake]

F B4 10%(R*=0.26), A5l 9%(R?*=0.18)°]™, X134k
HEZNA 15%(R*=0.56), 215N 9%(R?=0.18), T4 219k 3E5ollA]
10% (R*=0.16), =0l 6%(R=0.11), BT 2ol 0%(R>=0.01),
A5olA 1%(R=0.01)2] AFs} &8-S B 3ITh TOC t3t CODE
2beh B&8 e AgeA FFHEE th2 A YERg o,
~1~15%C3F 6%)= SHA| Vel B8k Al 0.01~0.43¢8
T 0.15)% ] gk Ao A7 F YR B ekttt coDE 54 &
ANEA, THolE, ofstol ol P W] wiite] 75

7159 /370l whet Sk exrh e = 9 E]'(Natlonal

=
Institute of Environmental Research[2011]). 3|78 2 582 74

M ol

AW Al b S AP A AR A7) 4
S8 5712, A 712 5P el S0 24

SFCHEom et al.[2012]; Park et al.[2018]).

FFgg oM = A7) 9 APSE 1] SRR 4 o1l
et exk 9 WEE A7EE] S8l AARE EEsstel AR
TH(Table 2, Fig. 4). %5814 Ak5E ©]8-gt TOCe tig COD2
2bsl 82 Q1A ko] A9 EFolA 16%(R*=0.50), #1Z-<llA]
16%([R?=0.56)°1™, A3} F 5 oA 23%(R>=0.78), Aol
22%(R>=0.77), TAF Ak EZFoA 10% (R=0.32), AZolA]
13%(R*=0.55) 2, 53 A EFoA 12%R*=0.57), AT oA
4%(R*=0.15)= YRttt vHeke] 74 23504 22%(R*=0.79),
Aol 22%(R*=0.74)01H, Z13RF 304 20%(R’=0.71), A=

ol A 219%(R*=0.70), F-4F 2AF E5ollA 17%(R*=0.65), H5ollA]
14%(R?*=0.63), AU FZolM 10%(R?=0.45), A2l 7%(R>=0.25)
o] Akl 85 Btk AAEE o] &35k Als a8 g BF
s}l Agolx= 57 AelA] FAKE Al 268 Helow, o=
THHE f7122 A0l frAket A ow]Eitt

E3b ARE o483t Alel a8 7|ERT AR 1 A
‘T7]' Fopg o), ofds] Absl &S e o R et 5

=
Hoh(Price et al[1974]). FHAZ Ak, vkl 9 Xs)vh 22 ot
Ha ol Iy FxEE v Qe A9 A Aks a8 9
AT A YERTE. o8 @ Ao allr freo] dgkelA] oF
Aoz vhi ARzl S7tete] walE 7] HT 2 7=
o] Z7V51% o1 (Park et al[2018]), ool whel 413} &-8o] Atha
07 ol o7 ke
Son et al[200310] AAIEE Q13 Ak, FAFE a1, FAt kol
F38 COD2) Ak} E8-2 oF 47%%101, o] vlgro & TOCS}
CODoﬂ gk A A21¢) COD(mg 0,/L) = 0.61xTOC(mg C/L)-
0.03(R=0.66) A|A8}S3 T}, B3+ Cho ef al[2014] TS A 52
A4 39391 TOC(mg/L)= 0.44xCOD(mg/L)+1.53(R*=0.47)

AN o] Ak} FRo] B alole) ARE o)gahd
F212 ANE 5 glon, AR Aede] Hewlo] i Ao et
st

2 ATelM BFESHE ARE olgste] AU Akl 88 AXIS
Fow, oF 23%= LFERRTE. o] 2|8t Ak} G820 el g Al
71l ARIgE 30~50%1 MR S3ke A0 YERHTH(National
Institute of Fisheries Science[2021]). ©]&13t 0|2 F71& #2] |
¥Ql COD= W2 AkskE 2 Qldl] f718 237t A%7kE $
7} A7) Wil f715 BeXE2 AREsh=E 8417} QItK(Choi
and Kang[2018]). COD= 715 1821 Wbl o= AlslAl7 1b
ol Fesk ke s ST O RN FEo EARR: f71E
A0 R FHsh= SIS 7L ol Aell Wiste] TOC:

3

7Es AR S EM 7E AR f71% $5e] SR
& Heksla, ‘dr A 7l 3 TR ] Tareel v
2= Jgke AHA o7 Hrleh=t] 2go] 7155 (Leenheer and

Croue[2003]; VlSCO et al.[2005]).
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Fig. 4. Correlation of standardized TOC (mmol/L) vs. standardized COD (mmol/L) in surface and bottom seawaters of major coastal regions

during 2017~2020.
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Table 2. Standardized COD oxidation efficiency in surface and bottom seawaters of the study area

Surface Bottom
Sampling area Slope Oxidation Determination Slope Oxidation Determination
efficiency rates  coefficient (R%) efficiency rates  coefficient (R%)

Inchen y=0.2033x+0.012 16% 0.500 y=0.2113x+0.012 16% 0.555
Shihwa lake y=0.3039x+0.002 23% 0.784 y=0.2904x+0.004 22% 0.774
Gunsan y=0.1259x+0.035 10% 0.318 y=0.1698x+0.036 13% 0.553
Mokpo y=0.1512x+0.011 12% 0.567 y=-0.0547x+0.029 4% 0.145
Masan Bay y=0.2884x+0.001 22% 0.789 y=0.2839x+0.006 22% 0.741
Jinhea Bay y=0.2560x+0.008 20% 0.708 y=0.2674x+0.005 21% 0.705
Busan y=0.2155x+0.006 17% 0.650 y=0.1805x+0.008 14% 0.635
Youngil Bay y=0.1309x+0.019 10% 0.447 y=0.0915x+0.028 7% 0.246
s ERE 7T U Slked JAS é’ga{* H7t SolrliE CODE YRl 75 percentile®] 739 U] E3k 7EQI”ke. Y TR &9t
ko] A7lE o vl AR ARgskaL Qlom, oz ToC  ApolE Ho =il $7dol 29k a¥gkom, sl 87l 29kt
& CoDgL 7 48l AlwshaL et 1@t 47% A€ coD  HAlER 7]l tigh 7 Eed Zlo R dddn
At Sk, AleEdlel ] /1% SIke Agok  Siskeg Sy 0 S /)eE CODE 4ok o
S CoDell thgh tiAfriete] Qs 210w JMHU% olgigt & oM, mRRES 79 13}k A3 (2007~2011) H3EE 2.5 mg/L, 2

AdE Aty el T §4eA M 7158 (Choi and  2H2012~2016 )= 2.2 mg/L, 32H2017~2021)= 2.1 mg/LZ A
Han[2011])0.2 A% FAEl] B4 S 28519, Aatod ]l 2.1 YTH(Ministry of Oceans and Fisheries[2018]).

= wEshe T A5

CODg} TOC?] AH&.
TEE ET glom Ao F 5]13]' HIE Fee] le] Alol&
Koj A ARl uiE o] Ao = & =
AL Q= ARE o]88to] WﬂE}O i 4—% Feglon, Aas
AP A 812670, R 2,4667H, FAE A%E 1,0817] 2 AlEkS
3,247 ©]-8-3F3TH(Table 3).

HAER] BA A AReRe] 7|Egk AR o R wpE e
9l ool whet 7S AAE Aol sk, wl=e] g f7]
g 7} Al 75 percentile o1 BSEFA 2 0% Hrlslar Ql
(US EPA[1997]; US EPA Office of Water[2009]). 21QF %14 A}5.¢]
tf gk 75 percentile> TOC7} 1.78 mg/L, COD7} 1.29 mg/LE A|
Akl §lom | A3l 2] -9 TOC7| 1.96 mg/L, COD7} 1.40 mg/L
2 et FAF AEe] 49 TOC7T 1.28 mg/L, COD7} 0.80
mg/LZ E} 3] nlsl] Aol o2 v 3k Holown, vt
73%- TOC7} 1.82 mg/L, COD7} 1.46 mg/LE ZAFE ST}, A9
A21 E/do] HAER 4] A3t FUSHA e, A9ARl &
ZRkde Zlow vepstt) st 958 A HAlet

o
O o
SR D)

“3°l

Algls 9 22} A8 A1(2018~20221d) COD & &&= 5ol
5.7 mg/L, Bl 3.1 mg/L, 37_<]'(2023~2027"d)* AFollA 4.4 mg/L,
ol 3.1 mg/LE A2 StH(Ministry of Oceans and Fisheries

O -

[2021]). 74 3 70 % AH¥ COD 7|5& TOCE 3]
$18 coDpel FHAEK SHrEat vl AaES e e
7P gk wioln, olw] Sl S8 B =, 5Y T oY

LefellA] 220131 Q)tk(Choi and Han[2011]). COD HAEF! 55

TFo = A3k TOCY] %= »RNE 3%} COD #3221 2.1 mg/Le]
7d9- TOC= 2.43 mg/Lo|H, A8k 3%} COD &3] 3.1 mg/Le=

TOC 3.63 mg/LZ VFERdTE.

e ol A TOC 7159t Aol A= JE=A] F7F4Q1
T7F Besh, 2 AgellME HAEKY A4S o] 83 V]t A
ol gk A& 7FaAS A ARte AR 5
71 2ER e TOCS] =qHgetel vigh HE7} AlgH o] 9o
(Ministry of Oceans and Fisheries[2021]), & ©. & TOC] 257}
FA A AA AR E vPgoR At Vles AT s A

o= et

Table 3. Percentile of COD and TOC by a) Korea coast, b) Masan Bay, ¢) Busan coast and d) Shihwa lake

Area 100% 95% 90% 85% 80% 75% 70% 65% 60% Median Average
N . ToC 017 126 143 156 168 178 188 197 207 227 271
orea coas coD 006 079 096 1.08 1.20 1.29 1.39 1.49 1.58 178 201
s B TOC 029 142 1.55 1.65 174 182 191 201 211 230 272
asan bay COD 007 099 1.15 127 137 1.46 1.56 1.68 1.77 197 223
TOC 029 095 1.05 114 121 128 132 137 142 154 176
Busan coast
CoD 006 040 056 066 073 080 085 090 095 106 1.8
, TOC 017 148 1.68 180 189 196 204 212 220 237 276
Shihwa lake
coD 015 097 111 122 131 140 150 159 169 189 211
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