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Abstract: In this study, we used marine environment assessment indices to evaluate impacts of
various development projects on the marine environment. The Water Quality Index (WQI) was applied
in the field of marine water quality and the Cleanup Index of Harmful Chemicals (CIHC), the Cleanup
Index of Eutrophication (CIET), the Enrichment Factor (EF) were used in the field of marine sediment.
In the field of marine benthic organisms, the Benthic Health Index (BHI) and the Benthic Pollution
Index (BPI) were utilized. Each assessment index was calculated using the data observed in the
development project, and its characteristics and usefulness were evaluated. The assessment method
and criteria were clearly defined for WQI, CIHC, and BHI. Furthermore, through these indices, an
integrated environment impact analysis was possible. Apart from the indices presented in this study,
there are various indices that can be used for evaluating the marine environment. Therefore, it is
important to utilize appropriate indices according to the characteristics of each project.
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of ZAsE AlYEo] & 2FFFE7E "2
7P, 08 Tkl AR S YR &
o] A& 71#E qtAste] AR E AEtst
(Choi & Park 2015; Choi et al, 2019), 74
M e v R Aolsh, $a3t Afo|& Kol
Aol B7F Aot fejuel, 4, YdsHEE
HAIYAR7} B 7ol gt A& A= Hbde] wl=
7HL}E}‘— ou} AE L WelS 7FATH(Lee et al,
2018), 12 &l -eubetellA = S FFE 1A &
el EHE(_P 5787 AM7E A& o2 dAskaL Qi
53] AFJAI AR A3 B7EAE A/ stolof s
wfZoll 28 FFB7FAAE 85 =, o] 1
oA thgn|-go] A=At 28 FAFB AR A o)
A AAE Foto] A9t 7HS 2 TR
NA Z88k= EA7F LA, ELE /\P%‘XMW r
2|5t ko 2 AFYPE7| fiste] HehA 4
El FAIRE H7hA 2Ao] WIS 4= Qlrk (Yoo et al,
2017; Choi 2018; Lee et al. 2018).
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@ %2 4(organic pollution index), H 3R
(eutrophication index), 4% . HA|4>(water pollution
index)& AFE3FAL QJth(Liu et al. 2011; Tanjung
et al, 2019), SFAE 7oA LGFUAF
(pollution load index), =% A]4>(gecaccumulation
index), ZLZH A 913 2| 4=(potential ecological risk
index)E &-&35tH, S AP ES] A7HdH
2 AYEishA] AgE whefstr] §ls AZTI marine
biotic index(AMBI)?} M—AMBIS #-&3}31 9t}
(Wardiatno et al, 2017; Tian et al. 2020).
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714> (Water Quality Index, WQI), 34
Eololl= fafstelEd A3HA]4x(Cleanup Index
of Harmful Chemicals, CIHC), F %43} 4stx)4>
(Cleanup Index of Eutrophication, CIET), 534
Z>(Enrichment Factor, EF), sjFAAAE Fofo]
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SHAE 5o YT 181 oAk
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WQI =10 x DO + 6 x (Chl-a + SD) /

2 +4 x (DIN +DIP) / 2

714, DO= A ZAkA

B At

E571delH,

WQIE &3l A H g &8

FESDEFAN RV EFA

F3tH(Table 1), 28]3 WQI=

Table 1. Evaluation grade and criteria of Water Quality

e

o #3931, Chlas A=E93
E %, SDE B, DINS §2 57|24, DIPE
Q.
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(1

Index (WQI)
Grade Criteria
1 (Very Good) <23
11 (Good) 24~33
11T (Normal) 34~46
1V (Bad) 47~59
V (Very Bad) >60

golstH, Follet AlFa o] A om v
7S HOlth(MOF 2018a), WQIo| thgt d4t= thoF
o s efol A-g= o, e +4 ?‘iﬂ% A5t

£ &to] Al dast S Aetst
3 9JtHRa et al, 2013; Kong et al, 2016; Seo et
al, 2019).

2. follatstEE ™stX|4~(CIHC)

L slet =) o3t SEI RS 2dEE X
Apte] Aah2e LS HAE] 93 CTHCE o)
8511 QITHMOF 2018b). KOEM(2021)-2 F-Akzt

A, T, o157 Tl L9EAE AAAES
SYstal 9lon, CIHCE 83t ARYlel fvte
ghekskal ok, Brbd gl frafstela a2 10719
TE BT 4700 Al FEOoR FRE 7)E 1 o]
ote] FHRE 7 FuS B deE 0er A
gskal, 7] 1 ool Al 713 2 n|ehe] F ol A
+ =gl wet A4E Ao ' Folgit), Tejal
7% 2 oL 206k o tisiAe BA1A] o
7% 28] FEE Ui 4ho 2 5 A3tk (Table

Table 2. Evaluation items and criteria of Cleanup Index of Harmful Chemicals (CIHC)

Items Unit Criteria 1 Criteria 2 Option Score
As ppm (dry weight) 9.0 41.6 Common
Cd ” 0.68 421 ”
Cr " 80 370 ” 0: less than criteria 1
Cu ” 24 108 ”
[{measured value/
Hg " 0.15 1.0 4 criteria 1} /
Ni " 23 52 ” {criteria 1 - criteria 2} ]
Pb ., 50 220 ., : between criteria 1 and
Zn P 200 410 " criteria 2
PCBs ppb (dry weight) 21.6 189 1 1: equal to criteria 2
PAHs % 4,000 45,000 ”
[measured value/
Chlordane " 0.5 6.0 Selection criteria 2]
Dieldrin " 0.02 8.0 ” : criteria 2 or over
DDT " 1.6 46 Vi
TBT " 5.0 105 ”
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Table 3. Evaluation items and criteria of Cleanup Index of Eutrophication (CIET)

Items Unit Criteria Grade
<5 0
Ignition of Loss (IL) % (dry weight) 5~15 3
>15 6
<13 0
13~20 1
Chemical Oxygen Demand (COD) mg/g (dry weight) 20~30 2
30~40 4
>40 6
<0.6 0
0.6~1 1
Acid Volatile Sulfide (AVS) mg/g (dry weight) 1~5 2
5~10 4
>10 6
o F AT oY 9] =92 CIHC7} 40]4 Table 4. Evaluation grade and criteria of Enrichment Factor
HEEEE L LR CERE L] ()
Grade Criteria
3. Ut Mtx|a~(CIET) I (No enrichment) <1
1T (Minor enrichment 1~3
CIHCS} Hze] sjdeas 4= e9d=s o I (Ii/loderate enrichme)nt) 3~5
& 9l A= CIETO|o, #9999k oAl IV (Moderately severe enrichment) 5~10
a7, el A @ A AMSHEAISTEE O] B V (Severe enrichment) 10~25
£ o] &5}o] APASICHMOF 2018b). H7to| o] -8-X VI (Very severe enrichment) 25~50
L o] A1 Erzto] skl Bl AsA VII (Extremely severe enrichment) >50
7] wzoll Zhks] AtEE 4= Qlet, AR B
= a5 ofc}. o HA} s} el 7|92} A A A1 212) B

o] CIET7} 6 o]Ato] & gt 1oL 2o
4
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o
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AFAAIA o] AbA] ol ZAJ =] AL ZHA 3t vl e, wh}
Al B A eF 22 AQk Afe] A &EHEA Fa
of g3t 2 A=} 7FEE T ItHWoo et al, 2019).
A5 Fud LY e WUlete AR EF7L A
453 H(Chen et al. 2007; Lim et al, 2007;
Hwang & Kim 2011; Park et al, 2013),

EF =(Ms/Als) / (Mc/ Alc) 2)

71 M, Ms= B8 5] thAt e49] §H, Als &
& 2] O]—EU]‘E{(AI)A sk, Mc»— 27+ Z0]
1—% ,Jzﬂ—a]: Alc ]7L 1_4 U]H(Al)—isc}%h

TakE dnlats, REY Ao AL 7Y 5

o] EFE A4S 4 9lek, 12) 7 w4 9491 Al

tj Al Fe, Li, Sc, Cs, Co 5= A9 4= qlth

EFE 55to] s Z1o] A4 Aot vluste] o
npakE 01912 0] QJFRS HRFL x| WyE} 4= 9lom ¢
HES T 522 F-E5te] Yehd 4= Qth(Table 4).

5. MMZAZE=X|S(BHI)
Zolth AAlsE 2APEAIE B2 A A A
Aol A7t =g W7kel= BHIZ}F Qlth,

BHI =25 x [(4 x N; +2.68 x N> + 1.36 ;
X N3 +0.04 x NA) /Ntotal] ( )

7] A, N2 242} T55-9) Aj Aol m A dso] &

@slA| o2 Al 09 gh& Frofgiet. 1% 1 e g
NEEE A o UER 23 B SNEe Y
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AEo] Aal= oA w2 UER EFHHA
o 4718 Srold st Fole.

BHIZ o] &3lo] oj&31 4 Hrishs, 287|¢k4
F A4S 7 nEste] AT H S 1535 45
H7HA] 4G A 2 FHEske] Tefstal ITHNIFS 2020).
NIFS(2021)+= oA A H 7} 2715 EU 2 o] P
3] Fa7|17e Asta o AEY A E oA =
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o] JFo 2 Bislal 744 J % %%Ol Zﬂ*lﬂﬂ
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‘21‘:} =50l FAH %
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s, ofgehdE Frisk= 7]%% 25% °l3}, 26~
504, 51~704, 714 oo FEE}A Itk Han
et al.(2020)<> BHIEZ 39 % ARIER F&3}0]
FAE 2HsHlon], Meje 22.449.4, He| S
27.4+9.4, 5312 22.2+8 39 ATE AXSFATH
AR 24T H)7]E AR AT AR 24
AR QI A %ollA] & BHIE LRSI,

H Vo

6. MM X|==(BPI)

Ao ﬁhk— T*EEM 3&%@ H} FS bt
g 4= ot Fjgol A= AAEAH A A= A E

% 02 RS 2 HES ST 4 Uk
ARRES BRSNS Erh2 AHYAAY 2G4
% s}oISt 4 Gl BPIZF 88511 9lom), Thedt
F5 Boo] 28 ST H&40) BEH A

BP% APgsl7) ffeiAl AMsES iR i
ot Al 15 oy A2k} o BHA AL, A 2782 &
SEHE AR, A 372 WAEHEAR, Al 49

LA AIZ0|tH(Lee et al, 2003; Choi & Seo 2007;
Kim et al. 2014 Seo 2016).

BPI=[1—{(axNi+bxNo+cxNs+dxNy)/

N+ N+ Ns +Ng) /] x 100~ D)
7] A1, Ni, Na, N3, Naw= A 15, A 2, Al 3+, Al 4

Table 5. Evaluation grade and criteria of Benthic Pollution

Index (BPI)
Grade Criteria
I (Normal) >60
11 (Slightly polluted) 41~60
1T (Moderately polluted) 31~40
IV (Highly polluted) 21~40
V (Very highly polluted) <20

AAlolEl, 24 e ERAA o] Rbe 7HA

= a=0, b=1, ¢=2, d=3 o|t}.

BPIOJ A= LA EE B7I6t7] §lato] oAl =
TFE31a1 9o, Lee et al, (2003)2] ¢17-of| A THA
o] YIS 157 61-100, 255 50-60, 35 40—
50, 45+ 30-40, 5%+ 03022 Aslar 9t 5f

A9k B Ao A= SHAI R RS SHAARE 1
& gelsb7] = sk}, Choi & Seo(2007)& H&
(>60), 2H7F9 % (41-60), F7FL. A (31-40), A3t
A(21-30), oFF A3t H(<20) 0.2 Aol 29w
£ B7IeF3ItHTable 5).
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£ AE39T 34 JFH 7 B A YA AR (EIASS)
o SEH AR FFRAE T} FHA o WQl
HHGER] 2AHH ARIE AA ko] EAsedch A
£H SEAE I IFEIA AYS $lste] 2014
At 20159 SFTHARALE Ao, 87
FFE7L FY F FAE Aldste] dAle % T2
2 2018 HE AR AdFRARE Fstal ot
WQIQ WalE B 20199 8o mj>Um(y) &
ol APgEglct, WQIZE - UHE Y wlolli= A9

DO, Chl-a, £ =7} £ &3l 2 ofslr)
g Aoz gekEh T2y 677 o] %<l 20209
2¢€= Chl-a 55 Xﬂﬂfﬂ AZDO, £HE7} A
AElo] WQIZF 2S(INE2 02 3RAFE 9Tt WQIZ
FHsh= A17]9 20199 5YEE 20204 29712 =
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Figure 1. Evaluation ltems and variations of Water Quality Index (WQI) (very good(l): < 23, good(ll): 24~33, normal (lll):
34~46, bad (IV): 47~59, very bad (V): = 60).
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Figure 2. Variations of Cleanup Index of Harmful Chemicals (CIHC)-related evaluation items. Restoration is required
when CIHC is over 2.
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Figure 3. Variations of Cleanup Index of Eutrophication (CIET)-related evaluation items. Restoration is required when
CIET is over 6.
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Figure 4. Enrichment Factor (EF) variations of Zn, Cu, Cd, Cr, and Pb (no enrichment: < 1, enrichment: 1~3, moderate
enrichment: 305, moderately severe enrichment: 5~10, severe enrichment: 10~25, very severe enrichment:
25~50, extremely severe enrichment: > 50).
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Figure 5. Variations of Benthic Health Index (BHI) at each station (very good (I): > 71, good(ll): 51~70, bad (lll): 26~50, very

bad (IV): < 25).
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Figure 6. Variations of Benthic Pollution Index (BPI) and BPI grades at each station (normal (I) = 60, slightly polluted (Il):
41~60, moderately polluted (lIl): 31~40, highly polluted (IV): 21~40, very highly polluted (V): < 20).
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Table 6. Evaluation criteria of Benthic Pollution Index (BPI)

Lo | Dl [ s | B[ D

Station 1 236 240 0.96 091 57.30 (Slightly Polluted)

Station 2 4.01 3.03 0.94 0.95 33.33 (Moderately Polluted)

Station 3 2.93 2.70 0.93 0.92 60.98 (Normal)

Station 4 3.07 2.77 0.93 0.93 35.53 (Moderately Polluted)

Station 5 3.19 2.71 0.92 0.93 38.23 (Moderately Polluted)
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