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Abstract — In the water quality index (WQI), reference value (RV) is an important factor to determine the grade of
each assessment item for evaluating sea water quality. The existing RV was made by using the Marine Environ-
mental Monitoring System (MEIS) data from 2000 to 2007. After establishing WQI in 2011, marine environmen-
tal condition has been changed until now, and monitoring data have been accumulated continuously. Therefore, we
applied the additional MEIS data (2000-2016) to reconstruct RV, and then evaluated the water quality in Korean
coastal areas. Our results showed that the RV developed from additional data was significantly different with exist-
ing RV, which resulted in changes in the grades of each assessment item and WQI. Also, these results indicated that
the existing RV had a possibility not to represent the natural conditions in the Korean coast at present. Therefore, it
is necessary to revise the RV using more recent data and re-establish new WQI. In addition, systematic protocol is
also required for periodic improving the RV to reflect spatiotemporal changes of the marine environmental conditions.
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Table 1. Major classifier and sea boundary in each Ecological Region

Ecological Region Major classifier Boundary

East Sea Depth Geojin ~ Yeongil
Korea Strait Current Guryongpo ~ Yeosu
western South Turbidity Gamak ~ Jeonjupo
central West Tide Gunsan ~ Incheon
Jeju Climate Jeju ~ Hallim
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Table 2. The number of stations included each Ecological Region in the Marine Environmental Monitoring Structure and Operation Plan
2004 2006 2009 2012 2014
East Sea 56 56 56 56 56
logical Korea Strait 88 90 90 (+4) 90 (+4) 131 (+4)
Ecologica western South 49 51 57 57 67
Region
central West 55 57 57 60 74
Jeju 19 19 19 19 19
Total 267 273 279 (+4) 282 (+4) 347 (+4)
The numbers in parentheses mean the Seomjin Estuary stations in the Korea Strait Ecological Region.
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Fig. 1. Distribution of mean surface salinity of February and August from 2000 to 2007 and its difference. Arabic numbers in the figures
indicate Ecological Region : (1) East Sea, (2) Korea Strait, (3) western South, (4) central West, and (5) Jeju Ecological Region. (a) Left
figures are the original submitted in Rho ef al.[2012]. (b) Right figures are presented in this study based on the Marine Environmental Mon-
itoring Structure and Operation Plan in 2009.
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Fig. 2. (a) Reference values for identifying stations with characteristics of oceanic region and (b) number of oceanic stations. Gray bar is
the result of Rho ef al. [2012] and White and black bars are the values calculated in this study.
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Fig. 3. Reference values of a) bottom dissolved oxygen saturation (DO % [sat.]), b) Secchi depth, c) chlorophyll-a concentration (Chl-a),
d) dissolved inorganic nitrogen (DIN), and e) dissolved inorganic phosphate(DIP). Gray bar is the established Reference value (calculated
in Rho et al. [2012]) and black bar is value calculated in this study.
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Fig. 4. Grade of each parameter in August 2016 at selected stations of a) East Sea, b) Korea Strait, c) western South, d) central West, and ) Jeju
Ecological Region. Arabic number means the grade score.
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Fig. 5. Long-term variability of a) sea surface temperature (SST), b) chlorophyll-a (Chl-a), ¢) dissolved inorganic nitrogen (DIN), and d) dissolved
inorganic phosphorus (DIP) in the surface ocean using the data in the Marine Environmental Monitoring System from 2000 to 2016.
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Fig. 6. Reference values of a) bottom dissolved oxygen saturation (DO % [sat.]), b) Secchi depth, ¢) chlorophyll-a concentration (Chl-a),
d) dissolved inorganic nitrogen (DIN), and e) dissolved inorganic phosphate (DIP). White and black bars are calculated in this study using
data from 2000 to 2007 and from 2000 to 2016, respectively.
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Fig. 7. Frequency distribution of WQI scores over 2000-2016.

Table 4. Number of stations with change in the grade of each parameter and WQI in August 2016 between Rho et al. [2012] and this study

Parameter Total Ecological Region
(n=347) East Sea (n=56) Korea Strait (n=131) western South (n=67) central West (n=74) Jeju (n=19)
DIN 17 1 4 2 10 0
DIP 2 0 0 0 2 0
Chl-a 58 3 15 18 22 0
Secchi depth 52 3 37 0 8 4
DO% [sat.] 90 17 37 13 19 4
WQI 173 21 84 29 30 9

() is the total number of stations included in each Ecological Region.



300

56

56
0000 0000
[N v v
EastSea 9 East Sea ¢

I3057'
I v v

2 1
central West *

AR
central West

. ce BN
65 ;
01 01 oo : I 0023 -
v v
19 0025 AL 19 00 1 1
western South 0000 TRNYARY westem South mO0O0O0oO0 nmwv v
vV . Korea Strait (RTITINYARY . i
: Jeju .i > : Jeju ‘_.‘*

55
1000 p < a8 1320

L mwv v # T & (NIYAY
East Sea East Sea 4

I 2 5
([ |v v
central West °.

B335
(YA
central West *

g A ' o
44 g @ 3
5468 : . - v ' 0000 < . - 21
(TR 18 54 09 NV 5 211,
western South B 0000 TTVARY westem South 4287 0 RN
| IIJgJ!uIV \ ‘; ’Korea Strait | IIJgJ!uIV \Y = ’Korea Strait

41313 ¢

9
8136
[INYAY v v
EastSea 4 East Sea A

37
11 16 g9 1
[NINA
central West

49

18
700
[N
central West

37 . s : A
s @81 - .7 34 20 o4 01 Momda oo 25, 29 2
R INYAY . 12 (N 4
western Soutlm ;'%% A western South . i' 5| ?I |5|’| R/ 3 vV
H i ! Korea Strait
' Jeju = Korea Strait . Jeju 2 o

Fig. 8. Grade distributions of a) DIN, b) DIP, ¢) Chl-a, d) Secchi depth, e) bottom DO% [sat.], and f) WQI in August 2016 applied the
reference values calculated using data from 2000 to 2007. Bar inserted in the figures indicates the number of stations with each grade in

each Ecological Region.



A7 Nk Sl 712 7P 2] 2 e/de dist 1z 301

56

o
o
-

00 0
(YA |?||?|R/3
East Sea 4 East Sea 9

I 4 8
1l ||| vV Vv
central West *

IM 3

(T |v v
central We;t

IIIIIIVV 2 00 3 v v

- 19
western South’ I ?I |(|>| R/s (RINAY westem Soutl’ 0000
i = _Korea Strait vV
: Jeju ; o ! _ Jeju

53

1110 2 0
(YA (YA
East Sea 9 East Sea 9

30

I0100.

(INYAY
central Wes_t

2 1
NN
central West

59 ; ‘ ‘
I 0125 . I 0000 -
(RN A 9

19 0000 1 2 0
western South 20000 N v westem South 22870 RN
I ||J(|e|J!u|v Vv . Korea Strait [ Jgj!ulv v = Korea Strait

2016)

29

16 11 00
L mv v
East Sea A

33
1210 1 o

v v
East Sea o

62

I11 100 .
NN
central West

12 5 o
N
central West

42 37
11 8 = 43 : 13 13
I 5 1 19 3 22 46 4 0
[RRTITTARY; i [T 14
western South = 3100 vV western South A 100 v v
RIEYAY . Korea Strait ” vy - _Korea Strait
. Jeju -5 ' Jeju 7o

Fig. 9. Grade distributions of a) DIN, b) DIP, ¢) Chl-a, d) Secchi depth, e) bottom DO% [sat.], and f) WQI in August 2016 applied the reference
values calculated using data from 2000 to 2016. Bar inserted in the figures indicates the number of stations with each grade in each Ecological
Region.



g
g

302

3204 YERLOH, F 592 AlojellA] 71 22 7k 2302 o}
EFSCh(Fig. 7). 212 A5 o] &3 552 Ak 1 11, 111, 1
2 1V SFlA 27 23, 38, 52, 133 670]UK(Table 3).

323 F7KEE 9 WQI 5

20164 88 HFBAZYY ARE oz $elo) Ao} A
3 S 712k Aol e S FHEs wal 5

o) WaE wovh F 34709 Ao ) Malvh ek
4732 DIN, DIP, Chl-a, Secchi depth, DO% [sat.], 2|3 WQI
oAl Z+2} 17, 2, 58, 52, 90, Z&) 2L 17370 ©]1tH(Table 4). AV el
TEE, DIN% Chl-ai= AMalls Aeirolld 7P B2 A=
o] 53 H3lE ¥8 o, Secchi depth?}t A5 DO% [sat. = Tl
sl Aee] AilEeld 7 B T WsF vERTE wal
A tistaly AYelrtelA 72) 12 o) de] Te] HehE Kol
b 2 S AAsit,
el alleln FlEgket ArbAle) ARE o] g5jo] ARke /)%
S Agst 2 JrlshE w WQl 52 B3 217} Fig. 89 Fig. 9
o Asick 112 kel ol 2 9714 2 worl
e Sel WE AHE, TEEHOER) A Aerel
2 cleA ekt A2 AR A0S W, Chiedl 5
o daaE AeTolis RE Aol 1570 Yeh} 2
S5 Fomel T3 WakE uglor), Fal YT 15
Haskar, I 0 IV 55°] S716k] e £o =0 W
RAT) B8k, Secchi depth <IA] thstallyd AYe-ellA 1 55
2= 70 57b S el 5ol 3 57h el
Foow Hor9 WakE RANL AlF el = 1 55l
Pl 1155 S7keto] URi-e 250 %.0] Wyt urebsitt.
A% DO% [sat.]e} WQIE B2 AElTelA 1 558 771 571st
Il V_Co_.g—g] _’_7]. 71—/\0].# = x%ﬂ]—x%i ZO C:— ééjvq tb]g].
2 nglt. olejet ARSE A Aol JlEgol AAlel Sl
o} sl e s St heS elolsh, webd A 4

aL
TE A87 71k Aol ded Zlow ke

D

s NoY

i

é?a

[o

u“ ofN

I~

\:l
A

oll

°
=
7

3.3 Sl 7124 THA Al TRIARY
QoA sk e] Malel whe A2 AnE Aew
3 A Hhet Bes AN 53], s

gkl ke, ofel] thea] HEH*
Q8 707 FokETh A=

rﬂ Y
o rlr

A - QA AL -

I~
999

o] oA
TH(Washington State[2011]; UKTAG[2013]; Warne et al.[2014]).
ek, @A vl 71ES] 715 AR 9 iAdsk]
gk Al AR vl v dsdolt), webA, 8 AdXd=E
o] 71% 7 AAE Al sto] s-2luetel] A gst AjEA 0w
o|§ 7hsdt TREZS visly] 913k o] st ol
SrolA], & A9 24 AE B 3 F7HR1 vEARE
A et

)

3.

—

001:0_3' q A 0] TR H]—Ht-] 7HH
=7 /gxoﬂ erxﬁoﬂ}\-] 310&0:1 Zﬂ;ﬂ

oz

T8 st ek

A gelslr] flste] SRR, 297 8
A zfol)o] AREE QT e BEY

ol FAAIE P o}ﬂl %%Eli
Sy W oslrEe A 2
of oJsf) A Wal] wlitel &
iVﬁ,o 71520 7 o)Eofok tf]":]—(Lee et al. [2003]; Lim et
al.[2007]; Cho et al.[2008]). T12iu}, &3 WM FA8E 3
A7} ) % % A 247 AfolellA] el AdAQl Aol o] %
sto] el G HlE Thelsiol] wiitell, Aol Al-axt
2 Wgle] elEsto] 9ofe] A0 o WEAES M Zo=E %
et AAE, S]] AufellA] okl FH] = F VIR A
°](Z, 2000-2007'd 3} 2000-2016\ )0l A A3t x}o] = w i)
(Table 5). o1& st A= 7|k MK 2ol AHE-E]= 2hR.9]
71k 917 wigk wiwpr} o]k g Al WSk E 7hs A
S AABI) ZF FrrE ] Az g8l A 7 E HEES
213l (Fig. 10), 1Fe] 4412 Wste Ql8) 7|&ah B7HE=
] 214 E’*;%EP—UP ofut o= o] 2jeFeel EFE fol| )
93 7ke] 3714 #ole Old FFE TA WEE Fo R ),
& 73} AAIste] S 2HE T
Qio‘l- 3H0d __)d /\1— /\]—;HZ%Q_] D?‘i_x]_o]
= S AeTlS dlEskA] &
el ol 59, A8 el

_/,:‘E _‘% 7]2_]_ _Elr__‘,:_oﬂ}q = xﬁx% /*,] ok 10% 7<%

9
7]
B8 JPUIE
53

1o 10
o

i

T

ui

r\r mlm

4
ool A
He
o)1l

F-TL:O.‘:‘OR e o
oo

R

_l

d
J

240
= T

[ed
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Ecological Region - - - - - -
Total station Oceanic station Total station Oceanic station

East Sea 56 41 56 26
Korea Strait 94 33 135 65
western South 57 20 67 31
central West 57 6 75 8
Jeju 19 19 19 19
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