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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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] /\]ZLE]‘”‘:} a8 2011Lq 7$J°ﬂ 7] o
of ZAsE AlEo] & 2FFFE7E "2
7P, 08 Tkl AR S YA &
o] A& 71#E qtAste] AR E Aetst
(Choi & Park 2015; Choi et al, 2019), 74
TH s v R Aolsh, $a3t Afo|E Kol
Aol B7F Ao, fejuel, 4, YdsHEE
HAIYAR7} B 7tol| thigh A& A= Wb wl=
7HL}E}‘— ou} AE L Wele 7FATH(Lee et al,
2018), 12 sl -ejubetellA = S FFE 1A &
el EHE(_P 57874 Au7E A& o2 skl Qi
53] AFJAI AR AR B7EAE A/ stolof s
o Zoll 28 FFB7FAAE 85 Hm, o] 17
oA thgn|-go] A=At 28 FAFB AR} A o)
A AAE Foto] A9t 7H S 2 TR
NA Z88k= EAZF LA, ERE /\P%‘XMW r
2|5t ko 2 AFYPE7| fiste] HehA 4
AR HbA 2Ao] WIS 4= Qlrk (Yoo et al,
2017; Choi 2018; Lee et al. 2018).

AFAAI A= T2 FFB7HE Ol AT A

3
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J:i_,trlr

AR A3 B3 GG Tt 913 A5
AYFRANE 2B Uk, AFHFAFRAY
F0 BHL 3, AT FOIY AR HTH F
ol 7 Afgjo] 2 Bl vlA|E FEFS EAHL 1
ANE FRHs Aol B, AFYFEA ABE
WA 7o) Bel Bl ke dEst
BRA BA FA, GPET, 7] BAY 2XE
Aake Aolek, A e AFBYGFEA
L HYUGOR ANE ASRAGFEAALS o
Wb G- el o 2HS whw glon, B
AATRA A )i 2Y G gL 0|53
CHNLIC 2021)
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A] $HMOE 2 5)

aff 2l ol A= 4
sto] A& %}%'}Fl %12”4, =of
5 ol&staL e}, g4 ¥
@ %2 4(organic pollution index), H 3R
(eutrophication index), 422 2 HA|4>(water pollution
index)& AFE3FL QJth(Liu et al. 2011; Tanjung
et al, 2019), siFAE F7loA= LGFUAS
(pollution load index), =% A]4>(gecaccumulation
index), ZLZH A 913 2| 4=(potential ecological risk
index)E &-&35tH, s|FHFAYES] A7HdH
2 AYEishA] AgE whefstr] §ls AZTI marine
biotic index(AMBI)?} M—AMBIS #-&3}31 9t}
(Wardiatno et al, 2017; Tian et al. 2020).

wheba] & Aol A= SRkl FaeE AFYS
o AaA e EIFFE7HA e AR
FERAHL FEAE AT 4 Qs aEl A

A b Akstg diek. 3%y
Al
E_'
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il

T4 Fofoll=

714> (Water Quality Index, WQI), 34
Eolol= fafstetEd A3HA]4x(Cleanup Index
of Harmful Chemicals, CIHC), %43} 43stx)4>
(Cleanup Index of Eutrophication, CIET), 534
Z>(Enrichment Factor, EF), sjFAAAE Fofo]
= AX A7 =R 4 (Benthic Health Index, BHI) A
A 2. A|4>(Benthic Pollution Index, BP)S &
oo, 2744 Wt ol & Hets| Eele 4= 3l
=5 AE W] 2 SARS AlAstaLat gt
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WQIE 3]219] 4228 Hrhshar) o] 5=
oR §EREI| AL ,%%Eﬂﬂ, Zpuk--ah e

2ol A E w0l Bl 18] 1 o] (S aE
ZAAEBE 0] 57) fz, ol 71EX S 125}l
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WQI =10 x DO + 6 x (Chl-a + SD) /

2+4 x (DIN +DIP) / 2

1714, DO= AgAta

B At

$E57]qlol},

WQIE &3l A H g &8

FEDEFAN RV EFA

F3tcH(Table 1), 28]3 WQI=

Table 1. Evaluation grade and criteria of Water Quality

&

> HN

2

oxl

(1

E3}E, Chl-al A EZats
E Lt SD= EWE DING §2H7] 44, DIP-

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

FolstH, Follet AlFa o] A om v

7S HOlth(MOF 2018a), WQIol thgt 4= thoF

oF sl A-gElon, o] #2 zﬁ;ﬂ% A5t

i 01% sto] AN Fagt JAES Aekst
11 9l

ATHRa et al. 2013; Kong et al. 2016; Seo et
al, 2019).

2. RalistEtE A MaHKIS(CIHC)

LS| slet =) o3t SEIFEe 2dEE X
Apste] Aah2e LolS HAE] 93 CTHCE o)
85132 QITtHMOF 2018b). KOEM(2021)2 K-Akzt

Ao, 9%, o7 ol LYEAE FaAlE
SYsta 9lon, CIHCE 83t ARYlel fvte
ghekskarl ok, Brbd el frafstela a2 10719
TE BT 4700 Al FEOoR FRE 7)% 1 o]
ote] FHE 7 FES B deE 02r A
Zgskal, 7] 1 ool Al 715 2 n|ehe] F ol A
=gl wet A4E Ao ' Folgit), Tejal
7% 2 oL 20k o tisiAe BA1A] o
7% 28] FEE Uie 4ho 2 HE AP etk (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 ” criteria 1} /
Ni " 23 52 ” {criteria 1 - criteria 2} ]
Pb ., 50 220 ., : between criteria 1 and
7n B 200 410 B criteria 2
PCBs ppb (dry weight) 21.6 189 1z 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 ”
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]4F Table 4. Evaluation grade and criteria of Enrichment Factor
ol okg 29 W2 4T 4 ol ()
Grade Criteria
3. Ut Mtx|a~(CIET) I (No enrichment) <1
1T (Minor enrichment 1~3
CIHCS} Hze] sjde s 4= e9d=s o I (Ii/loderate enn'chme)nt) 3~5
T 9l A= CIETOIo, R 99t A= IV (Moderately severe enrichment) 5~10
a0, el A @ A AMSHEAISTEE O] B V (Severe enrichment) 10~25
£ o] 8&-5}o] AFASICHMOF 2018b). H71o| o] -8-X] VI (Very severe enrichment) 25~50
L gh%o] 11 Erzho] skl BrbAsl AA VII (Extremely severe enrichment) >50
7] wzoll 7hks] AtEE 4=l AR B
= a5 ofc}. o HA} s} el 17|92} A A A1 212) B

o] CIET7} 6 o]Ato] & gt 1oL 2o
4

o2
]
o
r

5 ¢
ARAAI A o] AbA] ol AJ = AL ZHA 3t vl e, wha}
Al B A eF 22 AQk Ao A &EHA Fas
of gist L Aws} 7HEE T YthWoo et al, 2019),
B4go] 534 LS Blohe A2 BT} 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, Msi= Bl A& 5] thAt e49 §H, Als &
HE 20 OFEU]H(AI)A ek Mcb A z+ %4 o
Ab 91 0] 8HeF, Ale A 7F 3=0] &2u] (Al 2 a-eF

TakE Anlet, REY A ALE 7Y 5

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

) A15}+e] Fe, Li, Sc, Cs, Co 5= AFEE 4= Qi)

EFZ Eafo] slg xl2jo] 4 Afehet ulmsto] o
U]—U]—i ]HX—M?_] Odfﬂ;g_ I:II__]—Ol-_‘:_x] Il:l7]-fil— 2 %1\_9_1]4, KX
HEE Tod o= Faoto] el 4= Qitk(Table 4),

5. MMZAZE=X|S(BHI)
Zolth AAlsE 2APEAIE B2 A A A
Aol A7t e g H7Fel= BHIZF Qlth,

BHI=25x [(4 X Ni+268XNo+1.36
X N3 +0.04 x NA) /Ntotal] ( )

A7) A, N2 242F J55-9) Aj Ao w A A dzo] &

@slA| o2 Al 09 gh& Frofgte}. 1% 1 e g
NEEEA =L UER 23 B SANEe Y
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57} WO B 52 71E st ATglel 12
HEE e 3, 15 32 H LA w2 f7]E5 =
AEewcg 2dst &, 084 AExon 1
AEo] Aal= oA w2 UER EHHA
Lo 4718 Srold st ol
BHIZ o]&3lo] oj&31 4 Hrishs, 287|¢k4
F A4S 7 nEste] AT H S 1535 45
H7HA] 4GA| 2 FHEske] efshal ITHNIFS 2020).
NIFS(2021)+= oA A H7} 275 EU 2 o] Y
3 a7|7e Asta o AEY A E oA =
A 59 22 & FslaL i}, BHIE AMEES ) 7l
o] JFo 2 Bislal 744 J 3 %%Ol Zﬂ*lﬂﬂ
o}

‘21‘:} S50l TAEH A

]_

Wi, ofgehdE Frisk= 7]%% 253 ol3f, 26~
504, 51~704, 714 o] o2 FE3}A Itk Han
et al.(2020)<> BHIE 39 % ARIER F&3}0]
FAE EHsHlon, Meje 22.449.4, He| 9
27.4+9.4, 5312 22.2+8 39 ATE AASFATH
AR 24T w)7]E AR AT AR 24
AR QI A %ol & BHIE LRSI,

H Vo

6. M2 X|==(BPI)

Ao ﬁhk— T*EEM 3&%@ I = S
g 4= e, Fjgol A= AAEAH A A= AE

% o2 AR 2 HES Sl 4 Uk
AARES TANRE B2 AHYAAY 2G4
% s}oISt 4 Gt BPIZ 88511 9lom), Thedt
F5 Boo] 28 ST H&40) BEH A

BP% APgsl7] ffeiAl AXsES Vite R i
ot Al 15 oy ARk} o BHA R, A 272 &
SEHE AR, A 372 WAEHEAR, Al 49

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

BPI=[1—{(axNi+bxNo+cxNs+dxNy)/

NN+ Ns +Ngy /i < 100
7] A1, Ni, Na, N3, Naw= A| 13, 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
11T (Moderately polluted) 31~40
IV (Highly polluted) 21~40
V (Very highly polluted) <20

Aol El, 24 e ERAAo] Rbe 7HA

+= a=0, b=1, ¢=2, d=3 o|t}.

BPIoJA= LA EE B7I6t7] §lato] oAl =
TFH3}a1 9o Lee et al, (2003)2] ¢17-of| A T
o] HYE 157 61-100, 257 50-60, 35 40—
50, 45+ 30-40, 5% 0—-302.2 Aslar 9}, 5}

A9k B Ao A= SHAI R R SHAARE T
& gelot7] = sk}, Choi & Seo(2007)& H&
(>60), 2F7F9 % (41-60), F7FL. A (31-40), A3t
&(21-30), oFF A3t H(<20) 0.2 Aol 29w
£ B7IettHTable 5).

[II. B7}A| 2] - gAte

1. sHY+E 20f

WQIE &8st a9 =4 &%) ¢l Az Ws}
£ AE39T) 3 JFH 7 B A YA AR (EIASS)
o SEH AR AFRAET} BHA ol WQl
HHGER] 2AHH ARIE AA o] EAsch A
£H SEAE S IFEHA A $lste] 2014
|t 20159 SFARALE St oH, 87
FFE7L FY F FAE Aldste] dAle %9 T2
2 2018 HE AR AdFRARE FYstal ot
WQIQ W3lE B 20199 8o mj>Um(y) &
ol APgEglct, WQIZE - UHE Y wlolli= A9

DO, Chl-a, £HE7} £4] F3to] 24 oo} o
A3 0.2 Bk et 679 o]l 20204
290z Chl-a 35 A|9J5k 43D0, FHE}
A0l WQUt F2IV5B2 YL, WQH
FRsHE Al71Q1 20199 595H 20204 2¥7HA)=

ofo] FAPF Hsslol £ F91 ko FAE <1
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Figure 1. Evaluation ltems and variations of Water Quality Index (WQlI) (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).

h
N
N
i
N
A
)
|o
f

%43}

rir
po
o

g ol jw E A (MOF 2018a)0l| 4= 8ok E| 2 &-9]
- E P AR=1 IS 7§ &H5(As, Cd, Cr, Cu, Hg, Ni, Pb, Zn)o|| tj3}
WQIS HE7F Al F= L olck, 4ol 254l A Fo7)E I 71EE st YA B

=
V= AL 7 e oY F8 F=o] Histo] 8 & T3kl Qlnt FOVIE wEe B A
9 7|E4E Aokl olg Ed= B7F HeE A o] AT FAE Aol S AR d5H=
sto] sjFrdS HIISHL ek, & A= WQL golw, 7 =0 #e7|E wme A AH
£ o83l AIZHY AHekE dEstglon, 4 ol FAE AAAol Wlf w2 v H3t
ol ofgtE|gle w, HE ol ek B7F A HE ATk N gl ditt sk 7]Ew A s o] s
= &0t FAAY dde g = Q9lTh T ARSA | Hid AR B7HE e3s] ol o
T B SEHA R AR REFFRAES Fol Al & Aol A AN EFE TS| B
SEA| WQIZF AP AL glom, sfofeal i aLAl & o83l Fo7E % wePlEw A g
(MOF 20182)= 2§ o] 2kA|5] A|A =0 sfefA AHRIAEY 0 HEg FAA o2 gtofed & 9
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Table 6. Evaluation criteria of Benthic Pollution Index (BPI)

Lo | Dl [ s | B[ Do

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)
ot 45 N gl Hi BrtEA FEE B ek e AR Brhe 2 AAYE) dRe
77 olol Ao BER Aow Bekd) 517 meslin] 77 AcHYoon et al, 2020), B4
g CIHCE 147)0) §28 E84es nasiol o §w7hAel & Al S Aw 2 (Table 6), 579 %
ARG BrIRths HolA SjFAE eFH7E AN BEE ARl diste 224 e 3t
o &3t 262 = lon], AE F=of digt | ALk, Aot PHEAsE AHER Aol 7}
o} 0l 5 wAfsto] AU E 7 Alow ud glom, Aot SREA e G5 Al
e, £ Wo|m ik, oY TYRY POzl A4

ShopALR A (MOF 2018b)o] AAE CIETE o) 82 4449 A5 FHsl7] o] e}, ¥y BPI
AR S ddstet o] 82 5 STk vl=ellA © AR F3% 2ol & AT 4 3lew, A 3
Eods grEdEe] e e9=E F %17‘:*%* o Apolle Bt ARG =T we Aoz u
COD, ¢l, A& To2 F-23o] AAsaL 9lom, ERtth, E3t, BPIE S8 2H ARefo] Awd
Qe Brole 5% olstes vled, 5~8%t T A AAYEHIE SA wefd - Jle Aol Atk
Tt d, 8% ol At gor Aofjitt, CODE BHI® BPI= AMAES I5EE &1L &
40,000mg/kg ©3h= H1 2.9, 40,000~80,000mg/ & f71& = @3t AR, F 2T
kge 7t 4, 40,000mg/kg oM ARegder gerS ATl dotEe AR A A
TF&&tHLee & Ryu 2000). CIETE 29z, 2 ik FAAtatetd nAlof AlA1E BHIO 44
COD, AR AREHES SUA 0 Telste] $o o AN AR that % BHo| S25e] glof, 1
IS BASOZ A GRS O B A BE AABES ERSHE d ABH A5 B
ARG S YRR S et f-831h @ 4 9lek. o] BPIS) B9l FAH9 B0l
84 glch, chik, AAue BAS W AR AXEe] 9 kot Bl ure A4l A
o] HlZSFEA| ot A BHTF 5~15%2] WM & 7FEAE 4= ok Z12]3l BHI BPI= AA =2
At 7k Foldltk= Mol AAE ool & 2o 2AHES AT 4 e T2 BRI 1 9
ZARE Aol AABHAL Sl Ao HItE volshe H
AM A7t A = BHISH BPIE 283t B7F  @AZE Qlok wEbA AEjAe B A 53 H

7} o] oAt BHISH BPIe AAAES IFE2 sk Zlo] a3t

FESHT O G718 E0 BN AR, Z 0 2 AT AAY H7AS o] 2ol cekat A
!

GAAFo| BesE ANABIA0 kst 2o 47k $8F 4 k. Tanjung et al(2017) 3
2 AL SIek, S WAl R A A% Bk Sisle] a0 g Agstato
w A 5ghe ok 19 35S Hgatdc). o

BES FREAS, DFEAS, FEEAS, SHE
e TN NS ok ST NS FEHBY 34 0AHES wtsl] Sle) BF o

[e]
ET
A S4S et oo FYAA glol A AB ol HHA%, 2GRYA%, HBA S sediment

o
O
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