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EXECUTIVE SUMMARY

AHVININNS

PP’ EXECUTIVE SUMMARY

A Study on the Integrated and Connected
Management between the Riverine and

Coastal Water Quality Policies

1. Purpose

» This study aims to propose the policy measures for improving

the effectiveness of the water quality management policies for
the coasts and oceans. To achieve this goal, the study intends
to address the several points of the connection and integrations,
in context, between the riverine and coastal water quality

policies.

2. Methodology and Feature

1) Methodology

» This study utilizes research on the present status and conditions

of the following items: environmental standards and regulations



regarding rivers and oceans, processes of the designation and
of the planning for the area of concern, the structure of
governmental and private organizations, and the system of

national scientific research, while analyzing relevant laws.

» Consultations with experts were carried out regarding the
impact of pollutants, in terms of Chemical Oxygen Demand
(COD) and Total Phosphorus (T-P), from the land-based
activities on the Masan Bay, one of five designated Special

Management Areas.

» Advisory meetings were held with relevant professors, officials,
and experts working in the Korea Marine Environment
Management Corporation (KOEM) and the National Institute of
Fisheries Science (NIFS) to consult their opinions on relevant
issues regarding the connection and integration fields of policies

of rivers and oceans.

2) Feature

» This study includes an analysis on the impact of pollutants in
rivers and its effects on water quality in oceans and the
construction of a model as a basis for connecting water
management systems between rivers and oceans (working with

relevant officials in NIFS).

Vi



EXECUTIVE SUMMARY

3. Results

AHVININNS

1) Summary

» Korea's laws relevant to water quality management in rivers
include the Clean Water Conservation Act, the River Act, the
Sewerage Act, and the Act on the Management and Use of
Livestock Excreta in accordance with the Framework Act on
Environmental Policy; meanwhile, those in oceans include the
Act on Conservation and Utilization of the Marine Environment

and the Marine Environment Management Act.

» Since Korea's water quality management system separates rivers
and oceans into different management units, policies related to
water quality management of seawater have not been reflected
on the decisions and implementation of relevant policies even
though most pollutants from the land-based activities have been
running into coastal waters via rivers. Such policy-decisions
include the selection of installation and operation of, and setting
up water quality standards for effluents of public sewage
treatment facilities. The US and Japan have established and
operated a watershed management system for managing rivers
and estuaries together in order to connect the water quality

management policies of both rivers and oceans.

» Water in the downstream of rivers in many mid-sized watersheds

was analyzed as more polluted than that of overall rivers in the
country. Furthermore, water quality of oceans linked to estuaries

was found to be less clean than that of adjacent oceans. This

Vii



study built a model for analyzing the impact of rivers and their
effluence on the water quality of oceans targeting the Masan
Bay Special Management Area. The result showed that rivers had
a 10% impact on the water quality of the Bay.

In particular, 2 number of small-sized sewage treatment facilities
located in agricultural and fishing communities, following lower
effluent standards than others in the watershed, having a
negative impact on water environment once effluence flowed

into the coastal ocean.

The central government, local governments and private organi-
zations are working on the water quality management of rivers
and oceans by carrying out water quality surveys, policy
development and implementation of the Total Pollution Load
Management System (TPLMS). However, the size of the organization
and workforce falls far short of what is needed in the ocean

sector.

In order to connect water quality management systems between
rivers and oceans, it is necessary to apply a designation system
and devise laws that allows estuaries to become an independent
management unit. Rather than considering rivers and oceans
as a separate management unit, such a system makes it easy
to manage rivers, estuaries and oceans under one system (setting

up a management goal, and establishing plans etc.)

viii



EXECUTIVE SUMMARY

2) Policy suggestions and relevant activities

AHVININNS

» Measures for an integrated water quality management in rivers,

estuaries and oceans

- Developing coordinated policies among central government
agencies to connect water quality management between rivers
and oceans such as the enactment of the so-called Estuary

Management Law.

- Detailed survey on the impact of rivers to improve water quality

environment of oceans

- Improving the capacity of water quality management carried out

by local governments for itself

» Measures to connect scientific research systems among rivers,

estuaries and oceans

- Highlighting the necessity for organizing a taskforce team as a
dedicated organization (Korea Marine Environment Management
Corporation (KOEM) ? Korea Environment Corporation (KECO),
National Institute of Environmental Research (NIER) - National
Institute of Fisheries Science (NIFS) etc.), enhancing the research
capacity of marine science and boosting the connection of
research methods between rivers and oceans which can all be

utilized in setting up the environmental standards and objectives



3) Expected benefits including policy contribution

» Providing the contents for policy consultations to the Ministry

of Oceans and Fisheries (MOF) and the Ministry of Environment
(MOE)

- Improving and expanding sewage treatment facilities in Special

Management Sea Areas

- Adjusting managerial scope of Special Management Sea Areas

» Proposing tasks for improving environmental standards

- Enhancing environmental standards for living and human health

(based on water quality and aquatic ecosystem)

- Suggesting tasks for establishing the standards of ecosystem

protection

- Imposing stricter water quality standards of effluence for the
Sewage Act and the Clean Water Conservation Act for the

improved protection of the coastal- and ocean-water environment.
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AR Aot A SA T sfjFe] AFSA-&(Land-ocean interactions
in the coastal area, LOICZ) ] thgt =Zolt}.?) 199340] A&
o] AA ZRAE= 2 7| FEEE GAE AXH A7HA o]
21 Ql=d, o] =2 1 B9te Axket 5ol A A5t
AASEL o}, 47 d= A ettt SHAA & A9t
o] lor, 53] Hota A FAA SH, AMUAE T 1
Sthes AoA AR AAE 7L Q ‘jr :’—Ei‘/} ‘Aol A ST

it 2 2 29 g EFH HIE AHEATEE Sl
AABFAL Q= =F("Recent coastal environmental management
based on new concept of Satoumi which promotes land-ocean
interactions: A case study in Japan”) $F H-& HESICES o] =&

o QAEOA A9 S=Ho] FA| 9ZF9] FYsggMo] HT B

6) U.S. EPA(1992).
7) Ramesh et al.(2015).
8) Matsuda & Kokubu (2016).
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9] AY S IRt obd A9 FE 5E7t AP A2 TS
AR 7|29 9] AL 7|E103} vlw & uf, 82AAT F9,
SR AR Q 5 5O P2 HE o] 4S5t HHE FAIskL
Qi
H2-1) S2A5YY SHY EAN Hd £%(2015~2019)
ol DO BOD COD SS TN TP TOC
= (mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)
2015 10.83 1.89 5.13 11.04 2.73 0.066 2.88
2016 10.88 1.81 5.30 12.03 2.96 0.066 3.15
2017 10.81 1.84 548 1178 292 0069 = 3.29
2018 11.01 1.86 565  13.01 307 0072 329
2019 1074  1.79 539  10.51 283 0066  3.25
b ™A 10.85 1.84 5.39 11.67 2.90 0.068 3.17
R2: SEYYAAH, SEEHUML: 2019, 12. 28.) KX} KER
10) "EFAERT |2 A | [EE] ST IERE2E 220)(2019.7.2. 1)
=
N MESE | SElY = = 3¢ o P
e e FC Y SN S oy (ol (@4/100mD)
=c T00) (S5  (DO) z sy
(BOD) (COD) horus) < e
(pH) /D) (/D) (mg/L)  (mg/L)  (mg/L) (na/L) hade EEE
3Tl 65~85 0B 2018 2018 2508 750K % SO0 100[3
z£2 b  65~85 20]|5t 4 0|5t 3 0|5t 250(|5t | 5.0 0|4 gllogt 500 0|5t | 100 O|at
0 65-85 30 Soiat 40l 2508 50O gi;r 16?2? 200 0/}
= ~ ~ - " 0.2 5,000 1,000
HE |l  65~85| 50|t 70|53t 50|53t 250|5t 5.00]4 o3t olat o5t
%W 60-85 soist ool 6ot 10005 2001 O
Lp e S ot
a7
" _ _ ., =0 L. 05
LH VvV 6.0~85 100/t  110/5t 80|5t @ 9% 2.0 0|4 olat
ore 7t
DH_C')_ -~ =1 =1 [u] 05
Ly Vi 0= 1M1 =1 8x1 2.0 0)2t =1}
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H2 O] AlEY

M2 =4 oFd-of Z

2 2R

(H2-3) ioé Y SSZot Bt $E(2015~2019)
2xam oln BOD COD SS TN TP TOC
B = (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

206 10 25 69 102 226 0044 40

2016 101 2.1 7 10 241 0043 44

U=ztsi301 2017 104 2 65 56 247 0035 4.1
1 2018 106 2 6.7 77 262 0038 44
2019 106 18 63 79 248 0041 47

7 1034 208 6.68 828 245 0040 4.32

2015 102 4 89 176 285 0.09% 54

2016 102 34 86 176 275 0076 56

U=25i1 2017 108 36 89 167 282 0084 58
2 2018 106 32 85 1568 274 0064 56
2019 109 33 83 164 275 0084 6.0

M2 105 35 86 166 278 0081 568

2015 11 18 58 780 237 0038 27

2016 105 1.9 67 1070 269 0050 3.

- 2017 108 2.1 72 690 250 0039 34
2018 11.1 2 82 1440 283 0064 3.7

2019 107 1.7 71 1030 262 0061 37

7 1082 1.90 7.00 1002 260 0050 3.32
ZHYENM5E 7 1085 184 539 1167 290 0068 3.17
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YA £3 H2ZE2 02d |HYE HE HRES 024
dEaY | dUE £2 gy |sxdotlr WHES WHEES | 0EY
S A7t £2 0gy ASH HE HRES 0igM

dsddo]  U7HE £2 Ogd | UTZNE ATUS £ 0=y
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= WIS | O1RES  OEY | SRIY  A7E HE ] 1=PN]
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o2 0‘7: O o0 onu T = [¢]
o] 37| ¢, ARt FER FAIFHIL At
A SierdS IR 7IEN S BEIINE sl T1ET
s sgeg 7=l meEt \X/QIE grrstal 71 miEell, <

(& 2-5) SHLSAEZHEY TH| oS B +=2(2015~2019)'8)

o DO CoD N P SS Chl-a
= (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L)
2015 8.61 1.32 0.38 0.032 12.42 3.57
2016 8.42 1.28 0.34 0.033 13.51 2.41
2017 8.29 1.57 0.26 0.028 15.78 2.07
2018 8.25 1.70 0.26 0.031 15.56 2.41
2019 8.39 1.62 0.27 0.030 11.64 2.56
54 7 839 1.50 0.30 0.031 13.79 2.60
HEEA 176 0.76 0.22 0.021 21.74 4.46
X2 SRR AR NY HE(ZMYU: 2019, 12. 26) M HE2|

AYRAZAGL oo ol @2 Ao w2} Aze-shAAT @ ]
Aodsle - guros FRaT Acho) AAT © A4 )
s 25

A2t tiF-22] F=o] < »2] A

17) AR TA] H2018-103, 2018.1.23., ULIHA
18) SHYBASHUR 258 VH(HES, MB)= 7420101, 2ES ZAHYHSE QO = H7101|A
AR SRS D BED KE0| Hae 75 2
19) SHUAHR - SHASHAZTH(2020), p. 12.
20) RIS U BT B2 SH2t5tT, JHR BT, 4D SUSITOLY MAHSRAET), &Y
B, MBI, it S0 OIRIZHO A MEBHOIMENTY), 71218t MEIZIBIT, ZIZE0t, gl
B, LIS 2B, EASHIBI(014 ChSIHBIMENT), JUBH HEQUMGITL, YUIFIGIT, HHQ

S0
Azt HEHUHER, YYLTRISITO SHET=Z 74
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M2 =4 oFd-offy +ZR=|o] A& H =Xk

slo BREch A vehd,

AA) S3 HAGR D A 2k o) WaE Hfol
7h oulatA] west] glste] BA AL
9 57 WEo] £ 1% 1+ Baol HEny ¢
AA) shojo] wls) sPaciR 2wl sjolo] $o] £4 Yriy

g o eBE, olF ol digt wE|7F Hasittal g

(B 2-6) HYSESHY SHGe I HITHAA oY Tt £E(2015~2019)
o DO COD N TP SS Chl-a
= (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L)
2015 8.65 1.75 0.45 0.037 12.29 5.83
2016 8.47 1.64 0.38 0.037 12.45 3.57
2017 8.32 1.91 0.33 0.031 12.43 2.91
2018 8.06 2.20 0.42 0.043 23.58 5.53
2019 8.16 1.88 0.30 0.034 9.36 3.80
A A 837 1.83 0.37 0.035 12.45 4.09
BZEWA 218 0.92 0.28 0.025 14.77 6.77
NE: YA EEY, HYSPEHY He(HM: 2019, 12. 26.) XX HER|
AA AN EJE EFHESIY S A9 4 v 1w
w7) s, dE7alrol AXT SfAeASAT FA SELNT
1~109] =4S AuHoth SSE AYet 578 &49] Fhol = A
Al s 5 HHFAEoE 4] gtk §39], COD, TN 2= ZHo
21) SHUSHASTY Foh S} opFget I B G t—test AT HuNRASE)
Ao DO COD TN TP §S Chl-a
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L)
E;EL; (0001 {0001 (0001 €.0001 (0001 (0001
;;7”1 0.6716 (0001 €.0001 €.0001 0.0005 €.0001
RYSE
QAP INES o]
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Tt Fal=, COD, TN, TP S ued A3, Az
Aot 98 d FFA ol &3

=2
X

(B 2-7) sideta=8Y Yadsh B +2(2015~2019)
DO COoD N TP SS Chl-a
(mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (ug/L)
2015 8.63 1.99 075 0035 1120 434
2016 8.20 2.09 072 0038 1036 440
L=zt 2017 7.72 1.99 060 0029  7.73 2.34
2018 7.51 2.40 056 0040  9.92 4.14
2019 7.75 2.03 058 0032 837 3.80
T 7.96 2.10 064 0035 952 3.80
2015 8.09 1.79 0.65  0.031 8.35 2.75
2016 7.71 1.68 0.61 0.042 958 1.51
szt 2017 7.61 2.15 054 0033 958 1.54
2 2018 7.36 2.13 0.51 0043 781 1.77
2019 7.75 1.75 059 0052 924 6.38
T 7.71 1.90 0.58 0.04 8.91 2.79
2015 8.30 1.85 065 0032 892 3.65
2016 8.31 1.88 068 0033 1042  3.04
2017 7.88 1.97 059 0034 7583 2.02
2018 7.53 2.32 044 0034 853 3.39
2019 7.98 1.79 057 0029 717 3.31
Ry 8.00 1.96 0.59 0.03 8.57 3.08
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M2 =4 oFd-offy +ZR=|o] A& H =Xk

DO CoD N P SS Chl-a
(mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (ug/L)
2015 8.74 1.83 0.58 0.032 9.82 3.92
2016 821 1.66 066 0031 873 2.01
2017 821 2.19 066 0032 784 2.72
2018 7.36 2.09 042 0032 991 4.07
2019 828 1.87 057 0030  7.38 3.25
7 8.16 1.93 0.58 0.03 8.74 3.20
2015 873 2.79 099 0047  7.08 7.90
2016 8.20 2.16 077 0040 961 2.49
2017 71.77 2.22 077 0036 832 2.70
2018 7.28 2.56 062 0050 855 4.44
2019 7.56 1.94 0.69 0.049 8.08 3.42
e 7.91 2.33 0.77 0.04 8.33 4.19
2015 8.56 2.44 0.90 0.045 8.94 5.71
2016 8.03 2.17 074 0050 1300 283
2017 848 2.42 068 0036 649 3.09
2018 7.37 2.59 059 0041 932 4.45
2019 810 2.33 071 0045 808 5.14
7 8.10 2.39 0.72 0.04 9.17 4.24
2015 9.00 2.48 082 0037 1195 497
2016 8.63 2.14 072 0036 1179 589
2017 842 2.51 071 0034 913 3.30
2018 7.58 2.65 066 0045  7.11 4.65
2019 814 2.26 066 0040 848 4.56
e 8.35 2.41 0.71 0.04 9.69 4.67
2015 9.25 2.62 0.82 0.036 9.61 450
2016 7.90 1.87 077 0032 1348 @ 329
2017 861 2.80 061 0028 943 3.36
2018 7.39 2.31 061 0040 854 453
2019 837 2.29 062 0032 770 4.25
I 8.31 2.38 0.68 0.03 9.75 3.99
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DO CoD N P SS Chl-a
(mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (ug/L)
2015 9.30 2.01 065 0030 1168 359

2016 827 1.82 069 0030 1176  2.10

U=zt 2017 820 2.43 054 0024 986 2.61
9 2018 743 2.46 053  0.037 1381 5.05

2019  7.85 2.48 084 0035 1651 364
7 8.21 2.24 0.65 003 1272 340
2015 9.50 2.06 065 0030 685 3.11
2016 851 1.76 064 0026 1176 227
U=zt 2017 828 2.53 055 0025 961 2.57
510 2018 7.19 2.34 047 0038 1299 458
2019  8.15 2.36 066 0038 1679 421

e 8.33 2.21 0.60 003 1160 335

HA oY 5 W 8.39 1.50 030 0031 1379 260

10.85 5.39 2.90 0.068 = 11.67 15675
c< 10.34 6.68 2.45 0.040 8.28 -

10.54 8.64 2.78 0.038 16.4 -

050  10.02 = 27,300

(ord) E 54 BHE  10.82 7.00 2.62
7 2016~2019 HSZ517011, 2X[&2| Chi-a 30| gloo=z
ANE: SHUSAHE T, SIUBAZHI(HMU: 2012, 12. 26.);

2019. 12. 28.) XX+ XXz
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COD Chl-a
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L) (mg/L)
o ofd oY ot oY ofM oY ok oY ofd oY Sk
- 107 - 1044 - 6.02 - 0.13 - N7 - 4926
882 103 160 766 036 39 004 018 1391 1672 148 1456
- 10.7 - 7.94 - 378 - 0.11 - B9 - B
791 14 306 816 094 307 007 008 4198 1698 664 4664
857 1062 150 492 024 266 003 006 1343 358 242 52
792 105 134 48 023 198 003 004 977 524 204 84
796 1082 210 7 064 260 003 005 952 1002 380 273
808 163 111 28 020 191 002 003 55 320 106 412
808 68 134 58 048 418 004 030 763 720 304 872
781 976 190 498 025 152 003 009 633 149 28 = 9.2
880 109 127 29 023 205 0019 001 1123 204 109 404
HEI AT 20| HIOIQMs 7 BEAETY SHO R0 0H/El= SIUSEEEE SH0| gl Z0 sigstct
, 712422, R A0, AN 2 SSASEY SHY HEX|IF H| WX M H2|0)| HX[SH SHAASHU0|D 2 off
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DO
(mg/L)
By o
9.24 1
763 974
735 974
876  9.88
798 103
877 1072
- 11.18
- 10.44
853  11.26
871 118
828 1046
862 1088
806 86
815 968
- 10.66

COoD
(mg/L)
oy o
163 308
156 252
146 528
132 506
121 632
195 342
- 262

- 15.36
174 278
154 3%
174 652
125 904
166 212
201 974

- 2.02

T-N
(mg/L)
oy ol
014 120
022 1.9
043 201
026 228
022 14
037 205

- 0.49
- 3.23
022 261
018 584
047 283
026 208
028 129
028 558
- 138

T-P
(mg/L)
oy ok
002 001
002 003
004 008
002 008
002 006
006 004
- 0w
-0
003 007
002 008
004 006
004 007
003 006
004 03
- 0w

SS
(mg/L)
T
629 240
552 222
952 636
761 | 16.34
840 | 11.64
3156 460
- 1.08

- 30.06
1550 334
953 988
976 1080
4804  18.62
1115 3244
3384 12124

- 3.2

Chl-a
(ug/L) (mg/L)
ofd  ofd
146 322
1.83 1.54
286 | 13.88
2.75 17.54
148 25.64
535 = 3.26

- 0.76
- 54.38
253 | 266
1.96 4.46
4.66 143
094 | 30.64
3.13 2.82
479 788
- 2.16
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DO

(mg/L)
oy ofd
904 1244
906 1028
878  9.02
877 | 11.16
882 104

- 10.54
876 | 11.04
- 9.82
867 | 111
855 93
829 948
- 89
- 84

COoD
(mg/L)
Y ot
202 11.9
175 718
220 | 242
195 49
15 306
- 592
150 256
- 7.44
150 3%
180 1126
1.00 0.92
- 13
- 0.72

T-N
(mg/L)
oy ot
032 604
028 330
060 117
037 138
022 227
- 42
014 133

- 7.05
017 245
054 677
015 378

- 16.70

- 2.07

T-P
(mg/L)
oy ofd
005 035
004 009
004 005
005 007
002 003
- 016
002 002
- 020
002 010
005 023
001 007
-0
- 040

SS
(mg/L)
Y ot
4220 344
2689  26.76
631 | 21.36
3156 740
812 718

- 12.80
568 322
- 6438
903 | 414
1935 18.06
630 078
- 174
- 1.00

Chl-a
(ug/L) (mg/L)
ofd  ofd
6.51 71.82
458 175
400 @ 564
535 11.28
136 | 258

- 8.12
1.06 1.52
- 22.08
1.30 6.2
265 | 41.08
092 088
- 0.7
- 0.7

Kz ol

NE: LAY RY, SIYSASHYGMY: 2012, 12. 26.); SHHYEBAAY, +RSFY(FAL: 2019. 12. 28.) MAF ML
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2. HOX|HQ| of-HX{2|A1E oigt

2015¢ 7|&o2 Ao BEXEst= SH7IRAES 9F 3906704
2 o] Zoj|A oF 28%0] dFsH= 1,100717F Aol 9x|gtet. 500&
/L oA Hi&d= AL 17170R, HAQ] oF 27.4%5 X}X|5hH uf

A 6159 B2 AT 4= Aok kA At YRRt S00E/Y ofst
HiE A2 & 929702 AA] oF 28.3%F AHAISHH, ujd oF 674t
£2 A2 4 Utk
(H 2-9) HIOIKI2] BHIIEALS FHEH20154 71%)
R H2IEAE NESHE/D)
e 500& 500&
TE e %% os e soosow | ol
¢ @aw) (A7)

M= 3,906 | 625 3,281 | 25,398,096 | 25,143,620 | 254,476
A | 2,435 | 375 2,060 | 17,316,665 | 17,152,540 | 164,125
7IEt | 371 79 292 1,862,436 | 1,839,450 | 22,986
Aot 1,100 | 171 929 6,218,995 | 6,151,630 | 67,365

A1=: 20158 SmESA(ZAY: 2019. 10. 25.) MAH IHEE

o] FoA aqt® AAEY 29 B ol ot At = &
gl&o] "t 9-H7F A 201795 7€ S ELERE HES F 14
M} FA209] 827 HE sl 897119 sheAld T ARgo] o
Al AL et Bl s JAIAE HAL e FELEE TT
St AR, 5oz M, sk AH7 A" Sl et
Afo] Wt ESt Moled 2 A9t e MEd Q3 dAEH=
A9 shHlE A soF & A7t o dRF ez H|7]E0]

Spe YRSy, BIEER, 2R, AEDSY, SYZAAEL, SeSUY, 2o
3, AR, MISHRIRIE, OISR, SAMAY (R, AR, SRors, B2k
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Mol et 54 Aol awd, A o] AR AL A2
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Ri: ol LIRAIR(2017. 7))

29) 9| &, pp. 53~54.



4 920167t =BT Aol whet vpARE Ao & Sh o] sk
o) "X = FIFS HESIATSD

20109 7|Eo= upMito = [QlE= SHd 147148} st T A
2 AL 27 &0lA f9lote BHE Q8] Tkt si99] CO
W37t A H O Z 28.33% 9 oh% 23 ook A &
AT EH, gEoteA o] oF 12%, At o] oF 5%, fs
Zo] oF 5%, YUMol 1.6% F= ZH7F IS A2 Atk HFA
o Algt uhihgl Wjute] XI5t shHolA Eolt LAYUSE QI
WRE A AT oF 20%, S HABTHY F 10%7F 242 IF
o T3 G5 oleA YA W&ol s FY AHGBFY)
(CF9)7F 22t 17.3%, 26.48% FFS w1l ot 3Hd 3
ARto 2 [doke MsfotsA A &S, FLolH, Aol gt

(DFS)oll A 2F 30% FFS W 9, o2 3
T g Ao g PriEdeh

OS] TP X B 26.31% FFS B Qe A oE njoty]
At 7N stHe] A9, Ao o] oF 10%, Yol oF
ShEA o] oF 4.23% Ak 247t YIS WA AL Ut} 53] vRikRE
WRtoll A {45t skl s vt A HATFH) oF 62%, TF 6H
ABFDY F 16%9] FFE =ttt BT dEoteA Y% viE

of oJsf qt JFHCTFI)7t F 11.4% FFE w=ct. 3 6"°P“u
TP %+ AdeteA g3 M7t 1.6% B9 A2 JFZ A
0 Qlokar H7EE Lo

&
r2on
A
U]
o

.

30) B4 5(2007), SHRAAH(2000); HUSAE(2010); SUAAR - ZAHE(2012); HPA
9|(2016); Z&E®=(2017)
31) B KiEl 2 BN HE AX
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M2 =4 oFd-offy +ZR=|o] A& H =Xk

Masan

elevation

Changwon

Jinhae

V Geojedo }

ﬂF—IAI“)

Aot (g) 3

1 AT(I, LIS,
M, SHH, O, CToi(Ot

24 2/(2016), pp. 59~66

H2-10)5

CREEENORSIEE

FX0| OFAMIE COD, TP S50 O|X|=

sk

=Rl %

"

2ot L= e
ra

- 2 ol rdo Of0 rdo ol
il e e Pl 0 M o L i s

02 F

4> 4o me oz 1 o for

ox

A
1.61
0.17
0.29
0.07
412

10.61
1.71

0.53
0.92
0.23
0.02
0.03
1.64
0.04
0.01

0.03

B
2.35
0.13
0.26
0.03
1.43
6.34
0.63
0.22
0.28
1.06
0.11
0.1

17.28

COD
C
0.23
0.02
0.03
0
0.12
0.63
0.05
0.02
0.02
0.49
0.06
0.09

D
0.13
0.01
0.01

0
0.06
0.38
0.02
0.01
0.01
0.19
0.02
0.28

26.48 3.43

018 0.27
0.05 0.08

4.28
1.25

0.36

1.37  24.43

E
0.39
0.03
0.04
0.01
0.17
1.05
0.06
0.03
0.02

0.6
0.08
0.21
10.67
1.67
0.46
6.17

A
0.24
1.67
0.14
0.97

15.64
30.68
8.06
2.14
2.13
0.06

0
0.01
0.04
0.01
0.01
0.02

B
0.44
1.7
0.1
0.25
35
6.97
2.27
0.43
0.46
1.33
0.05
0.02
6.71
0.05
0.03
0.12

TP
C
0.09
0.24
0.01
0
0.05
0.11
0.05
0
0.01
0.51
0.03
0.01
11.44
0.04
0.03
0.14

0.07
0.14
0
0
0.03
0.07
0.01
0.01
0
0.03
0
0.03
0.14
0.95
0.06
0.59

0.17
0.32

0.06
0.16
0.01
0.02
0.01
0.05
0.02
0.05
0.69
0.25
0.21
0.84

KR siYAER(2012a), pp. 327~473; 3L4AE(2012b), pp. 169~170 XAt XHHz2
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opAES 200795 H A=t 22 Ate dFTFE
o2 skd 9 st UAYAIEE ARt FYsh=
FolgZ COD 71 2006955 20109714] oF 29%32) AZFsk3iT.
olo] w}t mpitt s¥e] COD w= YA FU# 7IE 20064
2.57mg/LollA 20109 1.85mg/LE 9F 28% #Adto] sfoFst
A A= A3 TN Etokal upiE Wik o [ 5]
ol A= FFE A v Ut

THA] ol opAE S|S0 Wl tiitk A YA
Rk A B A (H5)2 oF 50T E/Y O] AJdolH, mjY
325 B Ax9 okE Attt gusteAEgoR® fedohs
COD BE+ 84.5ppm AEolil, WiE&shH= =+ 15.2ppm= ©F
82%5 A7roto] WHEote= Foltt. olof mat 22,340kg/ 2] COD7}
A=), upiket Sl o & oF 4,900kg/ Yol HiEHTH TP A A|
A A5 &Y sEe 2 3.54ppmt 0.93ppm FER A
238E AXEA ¢ 73.7% AZETt. ol w2t §-UE ool A
oF 841kg/¥ o] TP7} A &= o] 300kg/Lol HiEHH.

gFrto] MRl Aoty A 22 At A AR Y 59t
274 9] st5E Attt AdieteA g o s sk COD 5%
= 314.7ppmo] 1 HiE BEX 10.5ppmE, 2F 96.7%21 °F 16E/Y
9] CODE Adgsta, 9F 0.55 &/4Z vi&steth. ZsfoteA 2749
FUFe} &S] TP 5%+ 22 7.09ppm¥t 0.15ppmO|Tth. A &
& AXWEA 9 97.9% A= 57t AE o] AL uidY oF

364kg/4 9] TPE 2|5t 1 7.88kg/YLS wlAIC 2 HjZESi)

o
ot
-

32) 57|12t 59t COD 5= 32% ZA
33) oA HMEE(2012), p. 15.
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M2 =4 oFd-offy +ZR=|o] A& H =Xk

H 2-11) ORM2F ESEUE|GHS SteX2| R Y sig
AlEE COD (mg/L) Z91 (mg/L) 2 (n/2)
oA U= 84.5 RYUSE 3.54 QUFF | 327,992
=t 15.2 HEEr 0.93 SEES 322,368
X3} RAUSE | 3147  Q[YUsE 7.09 U 55,711
Ry 10.5 YRSkt 0.15 NEE; 52,512

At2: S2O0|EZE(ZAM: 2019. 11. 22.) XX} [

g3l ote d=ekta] EH3DHTE CODE ZHzh 7.2819) 5HY
2 5ol TP HA| 2081} 474947} =t} dl§ &

W HhakEe
PO AFFUL/L AN Belsjge] B A WAL 242

15m®} 70.9%k352 2 = siH Y] A4 °F 1.0635k g =olct.

o AT ATBOS 27| Bt 36.4Y, AR7] Hat 4292 77}
A=At Bt A7 AT G W PRIt 2719 A7)0 w
34.3U5H 44.097HA] Zpol7t ATh.37) mpikgt A|32; S &
FAE GA5] YA upAgE Sf9oll CODS} TP 7|&°o2 oF
223383 34 A=Rt 28 £ Aok 21y 9EsteA At
AsteA | F oz e wjd CODL} TP7}F 5.4583} 0.3%0] vi&

Y 2= 22IZE (mg/L)
COoD 2.10
P 0.032

A ZdE, DIt SEE2[EHY H3X AAIT 2| 72 =, 2017, p. 179, (E 5-1) 12

3b) BYHE, DRI SEHE2|5H RB3RT HARHTZ U] 71242 2017. p. 81

36) MFAIZ (Residence time)2 ZILIS| 2] IX|0fl 50| U= YA} B U FAHE HS22 HOf
o M7 AQ5k= MZHEFE2 2], 2011, p. 251)

37) g2 2/(2011), p. 253.
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A 13](2Y) ZAFR
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H2ZE O1=2| +ZE2 HAEH At

1. =3 &2 MA

nl= A= =7 A (NEPA), 1433} T84 (Clean
Water Act, 1972),, "9Fd4<=¥H(Safe Drinking Water Act, 1974),,
U Ed 2 3lE (Resource Conservation and Recovery Act,

1976),, "sFd-d9tH(Rivers and Harbors Act); §°] #&stc}. o]

FoNA 7P A HES THAFAH(CWA)LLE o] H2 FF
T4 £AZ v=1Y & o8 3o 7MY 8% 2UU=S FA
gt T AN 2 2 AA 52 T LYo ERE oY
=49 wiE= A OPE} AT AR (CWA) 14 A S a7 22
Section 301(a)°]th. ©] 22 LAEES 5|7} glo] vi&Est= A

SAR HiE 317]'% %7 I AEAufEA A A A= (National Pollutant
Discharge Elimination System; NPDES)S S-olo] #a|stctal 74
gith 2t o9 #E9] diits B HYU7HA sk SEH
2](Total Maximum Daily Load) A=& AlYstal Ut}

BET FEL; et SRS 7HA =
2 AAQ 4L AR, FHE, AWFEL
SHA| B2=o] i, AT FYste AARL & & Qo). vls AR

H 20| E3], &KX S5 H(United States Environmental Protection

Rl
o)

143) 19704 1L 1L LSS 7|2HOZ A =27 SFAFRI S HO| MF = 0[3H0]| CHSH A=
2 7|2o| oJ291 ‘SHAWIKEnvironment Assessment)’ 2t ‘SHASESHEIHEnvironment
Imapct Assessment) Off CHSE =7 KA, T2|11 “SHAZI0N 2h5t CHEE XI2QISl o 8| &
2 I5tE

144) CWAS| ZAIHAIS 194814 9| HEIARQ HATLH|H(Federal Water Pollution Control Act;
FWPCA)O|IX|Zt O] =0 7HY=HA CWAR HEE.
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a4= A HE 59 F& ot A il

n)=o] 8 fejof ek A fiAls AFA o R FHRLL A
WAL @3ttt =2 29 viEYo] A=of AAs la A
=718 EA4 A 2 229 LA HAL FAHRIE A A A
08 SYFARN SFEHZHANA 83 TAH SN ARy &elst
A =, WA FEF g A SHEIAT o] FHFRIF A
gt RAE FHHAY 2X]of et AYS FHETHof| Hglt} o]
o FHF] 229} Algo] AHstA| koW SHHT YL P4 &
A 2 E Fote Aol

T4 I AN AR 7R A Sast =] dut
ARl AT F149)L T2 (14004 =2 7|E g (Water Quality

2~
T
Criteria) .2 AAISFY. Sk, 9712 g140e eluere] 2334

=
BHe H7IET QARSI QY HEE 9% 71
3

A, B4,

145) 22 7 |&2 I 27 1Za  Water Quality Criteria) 2t 2247 [2(Water Quality Standards)
o= e 4 =, BEESKHIL MAGHE 7|E2 £EY IEUY. £ESYY|IE2 2Lt

RO SHAE RARHHEY.

146) SHHEHSHO| SEHEHO| HITR "4t U £H0| 7k58KFishable and swimmable)” 2.
147) FE+2Y 304a SO Mot 3| B85Vt 21M MSPERE Soll S8 sddEi Q7o
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T 3-3) 0|=29| QIZHHZES £Z17|Z=ZH(Warwe Quality Criteria)

=
ol ug/L
= olf=
HEA =
(P)=Exoozx CASHE CMC1  cccz2  cmCct ccc2 28 9E
(acute) | (chronic) (acute)  (chronic)
Acrolein (P) 107028 3ug/L 3ug/L — — 2009
AestheticQualities — — — — — 1986
Aldrin (P) 309002 3 — 1.3 — 1980
Alkalinity — — 20000 — — 1986
alpha—-Endosulfan (P) 959988 0.22 0.056 0.034 0.0087 1980
f(';;“'”“mpH 07 Jpows - - — - 2018
i 2013 &
Ammonia 7664417 1989 32
Arsenic 7440332 340 150 69 36 1995
Atrazine 1912249
Bacteria — — — — — 1986
beta-Endosulfan (P) 33213659 0.22 0.056 0.034 0.0087 1980
Boron — — — — — 1986
Cadmium (P) 7440439 1.8 0.72 33 7.9 2016
Carbaryl 63252 2.1 2.1 1.6 — 2012
Chlordane (P) 57749 2.4 0.0043 0.09 0.004 1980
Chloride 16837006 | 860000 | 230000 — — 1988
Chlorine 7782505 19 " 13 75 1986
Chlorpyrifos 2921882 0.083 0.041 0.011 0.0056 1986
Chromium(lll) (P) 16065831 570 74 — — 1995
Chromium(V1) (P) 18540299 16 1" 1,100 50 1995
Color — — — — — 1986
Copper (P) 7440508 — — 48 3.1 2007
Cyanide (P) 57125 22 5.2 1 1 1985
Demeton 806483 — 0.1 — 0.1 1985
Diazinon 333415 0.17ug/L | 0.17ug/L | 0.82ug/L @ 0.82ug/L 2005
Dieldrin (P) 60571 0.24 0.056 0.71 0.0019 1995
Endrin (P) 72208 0.086 0.036 0.037 0.0023 1995
(gs)mma—BHC(Lmdane) 5850 0.95 o 016 o 1995
Gases, TotalDissolved — — — — — 1986
Guthion 86500 — 0.01 — 0.01 1986
Hardness — — — — — 1986
Heptachlor (P) 76448 0.52 0.0038 0.053 0.0036 1980
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HI3E =Le| oFH oy 22| S| Al

Qo= ; = aff<
(P)=Exooizx CASHE CMC1  cccz2  cmCct ccc2  2¥9E
(acute) ' (chronic) (acute)  (chronic)
HeptachlorEpoxide (P) | 1024573 0.52 0.0038 0.053 0.0036 1981
Iron 74398% — 1000 — — 1986
Lead (P) 7439921 82 32 140 5.6 1984
Malathion 121755 — 0.1 — 0.1 1986
7439976
Mercury(P) 296796 1.4 0.77 1.8 0.94 1995
Methoxychlor 72435 — 0.03 — 0.03 1986
MethylTertiary-ButylEt
her(MTBE)
Mirex 2385855 — 0.001 — 0.001 1986
Nickel (P) 7440020 470 52 74 8.2 1995
Nonylphenol 84852153 | 28ug/L | 6.6ug/L | 7ug/L | 1.7 ug/L 2005
Nutrients - - — - - —
OilandGrease — — — — — 1986
Oxygen,DissolvedFres
hwater
Oxygen,DissolvedSalt Tredar N N N N 1986
water
Parathion 56382 0.065 0.013 — — 1995
Pentachlorophenol (P) | 87865 19 15 13 7.9 1995
pH — — 6.5-9 — 6.5-85 1986
PhosphorusElemental | 7723140 — — — — 1986
Polychlorinated
Biphenyls (PCBs) (P) N N 0014 N 003 N
Selenium (P) 7782492 — - 290 7 ?g;giz
Silver (P) 7440224 3.2 — 1.9 — 1980
SolidsSuspendedandT
urbidity ’ N N - a N 1986
Sulfide-HydrogenSulfide | 7783064 — 2 — 2 1986
TaintingSubstances — — — — — 1986
Temperature — — — — — 1986
Toxaphene (P) 8001352 0.73 0.0002 0.21 0.0002 1986
Tributyltin(TBT) — 0.46 0.072 0.42 0.0074 2004
Zinc (P) 7440666 120 120 90 81 1995
4,4-DDT (P) 50293 1.1 0.001 0.13 0.001 1980

Az 0= EE5H EHO0|X|(ZAAMY: 2019. 10. 15.) Atz XA
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M3 E =L@ SFH-aHef 22| SA| A

7ol Az A=t 199240l 2dnte 2357t S
#e]o] o] Hi 47 BES BHHTH RISES & A%
F3L st Lot MH oG Belo] 7|4 ofgeoR
Q13 3§k Aol ek A Hedth SARSHO} 74
%7} 9 GEFE AL SYolPHES AWSo] Q7 WA 2
% 252 AVISIAL, $HREHS YUoRTY oy WL W

A=A,

2. 23 XA}

1) 27tk 2 1(National Estuary Program, NEP)

NEPE " 4A " (Clean Water Act, CWA); 320%0] w2t 1987
Holl &olxlo] w]=E7d B S % (Environment Protection Agency,
EPA)o] o= mE otk NEPE 58, A AR B A4S |
3ot 5kt o3 EAY wEistel LAl B AlYE S-Skl A
QYoh= Ao] ZHo|th. 7o ® A% 287 sh9] F EAT}
A H2E 93 A3 NS HH2E sh= YIS AAISH
1 Qlch RARECZE ADIN, DIP, §&4k4, £Y%, Chl-a
). H8=EEE, L85, TOC 5), B& FHAAAYEY T2A),

=401 mRF W F55% % R4 71d9Ed) 5ol At

123




(22! 3-2) NEP AlZYX|S 2|

sower | UNITED
STATES

Al=: 0= SHEE S NEP X|=(AM: 2019, 12. 19.)

NEPE A9 Vol Qi sk wejo] 2 3
S5 QEH, U, HF) HL- AR A
A oSS0 S0 WAR AR HorelT, B
shasty] Slat TAHel ek How, S7E HIsAL B
SH7] 9%t T4 AR A" -] A 55 AdS A
St A #2]) A& (Comprehensive  Conservation and Management
Plan, CCMP)9] &9 & A3 24 AA|ofl A o|siFAREo] Tzt
AT TS Wgote]l A5H 02 Folth NEPE E9) A%
ALBZL ofE Hoh & B, B 2 §A #Pots AL 5=

o]= o]Lo] Au} o]A}o| 7= Zakat ot 100utA(F 161km)
ool 4 1w, ¥ AT} F/KIh. olefRt QT olFH 7%
WMotz Qls) 4 ok, AEA A% Ak 5 sHre] ANkl 87

we mo %o

ol
ol

uoi'

TAI7F Algstal glom, o] = A A A|A JFS n|XH A& E01,
Al S(Aquatic Nuisance Species, ANS) Y22 st B2 A
HAZE osfE 43, I Hofi= Ao A EEol dgFS S0
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M3 E =L@ SFH-aHef 22| SA| A

= =o]7] Yaf, 287] NEPE= A2 T2 G Bejze} &

2 BA BF 43 A2 Pl B BHE FHTE 10

)
i}
o
H

2) =7}:ZEWINational Water-Quality Assessment, NAWQA) ZZHE

NAWQA= A=+9] A #5 9 A ok=0] dat 7| FAE 1ofs
1, AT} A = ABIAAE FFS BA5H] {18 1991
GRE A 2959 Z2AEZ u|ZFX|ARARHU.S. Geological
Survey : USGS)o] 3kl Ut NAWQAE Aot E A o] tf
g A7 Hol1, dWH o2 H|I 7hsd JRE Ailols Aol £
olct.

NAWQA= 111709] 233 33} 20709] 74 A%A <, 4174) 3
WEAY 55 BUEH ot itk ZAIFEOR = 4, H7]1 29,
Hl&, 59F EA| o]& ¥4 5ol Atk $8E4L2 DO, pH, 2, A
NAZE, AEY 57] SHHE, A SdA, Y B9E4
5 A AFE= A, AqtR oA E2-3F
N AE 7 BA AF, R, A ok 518K
AEA, HAE g4 9 98 5), FHEL], FE5F 5 E,

o

=
)2 A, A, sk 2 shd 2 =4 Fof ZEY 5ol A

oS 1o o

qu B &9
}% 30

=

[> o

Ry

148) 0|2EALSH S O|X[(HML: 2019. 12. 19.)
149) 0|2 X[ZZAE SH|O|X|(ZAY: 2019. 12.19.)
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(23 3-3) NWQAPS| & t15} HLEE

At2: 0|2 K|AIZAR EH[0|X|(ZAY: 2019. 12. 19.)

NAWQAL St 5 AP E7E A, 2, of7h, oA A 5
o S $AUS ML, BEdt] 9Is Bt 78 g2 9
2 A2 AL o A8H B dlolEet A4S Pkt

3. Ol= & 2| Fx A At

=2 F&m HAr Z0ke] 2742 7iAsH] Y5l 1983 AAHT]
A9t T2 713 (Chesapeake Bay Program) A3 oS £3
At 1970t e =25 g 874 7iA Akdo] & 2o
=



M3 E =L@ SFH-aHef 22| SA| A

o] BRI Y cheFet AR AR AL AR AU TA 0
2 AAse A Fuskn Ao

=l A 71 2 519l AJAFE] 27K Chesapeake Bay)150-2 3%
FeH FA7F EEoto] var B5 S e AR} ARA R
ottt Z 3,60000 & o] A&l A4Skl AL, ofF, £4,

= o2 °|8dhs FAkdo] Rt Aot} 2y, 19501 T

-
Apglo] AZeka stk sjoke] el etaEigion, U A<

Keponeg Zgsto] Ofet 54 E4o] FHEI FAMIEA

AL A AR 8 AbE WAISHI e ol & sidsty] et &
o

+ 200097HA] et 9l FAFY] 40%E A sk
‘A22F AAE A9 F 2K (Chesapeake Bay Agreement 1987)& A2
StRlch 154 o] JFd A Ex B8 HIol LAFFHE(TMDL)

150) HAILFEE RS2 72, HZUE, HX|LOf, HAMO|LIOF B0, YAEHXILIOEZERL £
AEESAS 5

151) 0] 2 & At240] 30% F, 25,000,000T2E0) 2 48 S KISl 4210] 509 014!
S oA A0 REX|

152) bOH 2HAG0E Hord =X EMZ QUSTL SHEE, MAXN LA, MK HE

153) LA 303(d)Q] “=7122| A K12 (Impaired Water) 220 SXi

127




A=s 285712 v 487 Folstint.

A ARt 22 OHL ShE e R AR, FHE, A
A, AqetA] A olsjAA el of YA sto] et
20|t} o] T2 A o|sBAIAS] olE B/J3E
AT A=A Y, @FFRA D BRYUET 279 370 - A3}
71 82 SUistote 9H 159 &%, HE 4 Ao AA 23t
5= & & Uth1%) WA o] ZRTH HE 7|#T ATl 5 ofsh
TARE oA AHostal 5115F7] 98l o] AF2](Chesapeake Executive
Council) & 35ttt E3F AALE A9t o|AKS] o] A7 AR, 45
7ro] o] AR}, AR Ao AR 71E A=t A”SHA
AAlot7] Yl AArE ZTE 2 3P US| (Chesapeake Bay Commission,
CBO) & AAlstnt. AP0 o2 MA Yol WA=, Hl
Aldo]y o}, WA Yol =02 wjd M&EstH TR 2T oAt
2771591 A A oA f¥C R EETit

[d

o)

154) 2000H01= Ch7| & X[5H +HIE ZR510] RS SLAH2
Ol AU 40% HLZH HXIES 2005H02 Q0
peake Bay Agreement 2000)’)

155) MAHL= 0|Ats|(Chesapeake Executive Council), 4702] & 2|(Committee), 37H2| A+
&3|(Advisory Committee), 8712 AQ&S|(Subcommittee), 31702 HZIE(Working
Group)2 T8t

156) B & 21Q19] A0 =2 M=, ZH FHE ZF O|5| IHH 52, FHE SHTUHHE 121, Al
2110102 Jdot, SIS EHY M, 7| SOl 2ot AR i 0| FAloHL /US.
Ofl: HXILIOF 3= § 62,152 E] 69,5817t

| g Je0f tet Atz BE5 S5
GICHI3

Xt ML 2 #CHChesa—
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HI3E =Le| oFH oy 22| S| Al

(8 3-4) MAHLI 2t 2734 OJALAH XX

-

A= 0= MAML 2 SHO[X(ZMY: 2019. 11. 2.) M=z AEE

T2 o] Hofste AMAH R 7He] Y& S25H] s |
A 671 AFAHTE 71 HEEH(EPA), PFHHUSAES), o7 oHsE
HSZ(EWS), AZZAR(USGS), Tt 718 (NOAA))= SAHL=E Al
12} AR7)F 7 FESHE A F(1984) = AAsH3 L, o]
S 9F 2570 AAvk7]Ho] FHolsto] 22} EK(‘Agreement of Federal
Agencies on Ecosystem Management in the Chesapeake Bay’, 1994)
= AAstAH. AR A o] ol S BASst7] YA AR
otEUA AlE(ocal Government Partnership Initiative, 1994) &
ST, 199610l vkagt “ARPg 3o 3 E A=l (Local Government
Participation Action Plan, 1996) o= @2} F 1,650709] A|HFAHA]
HAE oA 7]AL Ut T ohFet 2E AR AR F x|t
B8 FS Sldl viEdiE ARV Fo6te ey 2209
(Split Sample and Blind Audit Programs)!572 <%935}7]% 3Lt

157) O|= HAMLZ 0 T2 72 SHO|X(ZHAML: 2019, 11. 2.)
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M3 E =L@ SFH-aHef 22| SA| A

ZANESA15Z~A18%), L uAHA 19F~A20%9]5)
S0l Mg F8 Hdoltt. o] FolA sAA=et 7 Aol 2

A9 4R A ddsiAE & 2ol bi8d
2l

Asl A B2l ddstet 2B E FIshe AL 2 M8 WE
O F skal QUHe0, o= sPd A tigk Aol 1L
19974 A7 A10DE S = g HHE ¥o ZH ¥

Al olsjEARel digt oA +HES Y=

Qro] ape] FAS PPt JBL 27 VAR, FELE
B Egedn AAARIE FARER 5ol g BARE 54,
HEA, W72, Hotx BA YRS, FELEHE $24Y, 5, 5
SR HOME, FHLERL 44t Hops EPsdni wis A
o, A BobS, AAAARE TUES, S Bopg A7t ¢
Gk ek, v A A 9 B, 9o 44 P,

160) "SR, MI1ZE: R0 FHERI 7150| RAIHES 017 SEHC=Z Helaict.
161) H1Z: ool gHlet B
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Al AR 5 Seuete] ARl Sgshe J1He $Y B
Aete] A5 AANT AEUT. EESAERMHIR), H A EAT)
5 A4AG YA 27k o D AL] A

162) +I(SH-SR 7125), EAPHEY |2isE iR SEXES), ARG o
), MY BHAAS DRMEA), T2 |2 I FRM S KA HRIE), RS
U IHFELSE TA-AHYHR), SIAI(=ELST ofd=), Tede| i Eds &
Fiel=)

163) 19984 8& A%t

164) AZHR2| 0K Rt =350 ATt R

165) 2%t 2 o= ‘RES BHZ oh= YA 2 S5 IHOIM AZtAIZIQ| APt et
Ol DIXl= 22| 7150| HEe 0 2RI=h= HEf 2t Fofst
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ARG ok, S1, T4, 819 5 8% o8] whe 13 Al
ARBT} AR 71E0R THel] AN Age] AGET
of B 712 A Aol B G 1A 5 Y= B
Bt /|20 BE 3§ 5o ABHOE A3 Uk 5. 4
o) olg A, 24U 54, §F 5 T} Al 240
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skl Qzke] 7ol H4H FFL 0] 4 YOHE 5o o] £
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FOoR 7|EZ AP 3o, s TholobAlsE, ThetEl 2, et
B2 5 #7104 5 deiMnt 7S AAd 7198 A @
=2 PCBe} PCE9F 2] 3hd ¥t sjgol A 3542 AAEHE =

o Zro] 9A}

61 a5 AL v719} St AL FEIA 7]
Fol e 4 Atk fEyete] Fe- £AVE SolA s s 4
A9 7t=g3 PCEY 71%0] 42 th2A AlA=EE 2ol HEAS 9
ojct. whA st sl A el FH| RE B o U=
|02 Hl4, d, A&, ABS, WA, tFE 2 5o] 755ttt

N

(H 4-4) sHYit SOl M| HZES 7IE Hluw

o2l mg/L
3 e . H|W
gl= oI Q¥
E¥1 H2
71=&(Cd) 0.005 0.01 1
H|A(As) 0.05 0.05 1
AI2KCN) *¥(0.01) 0.01 1
£2(Hg) *#%(0.001) 0.0005 1
K700 **%(0.0005) - 1
E|ZS22|H0|E|=HHE(PCB) | ***(0.0005) 0.0005 1
H(Pb) 0.05 0.05 1
67t AE(Cr6+) 0.05 0.05 1
20|2 HHEAH|(ABS) 0.5 0.5
At stEtA 0.004 - 1
1,2-C2220)& 0.03 - 1
HEIZEZ ZHEI(PCE) 0.04 0.01 1
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o= oI Q¥ =51 oo
CZ2ZZ2H|Et 0.02 0.02 1
Gllbl 0.01 0.01 1
EZRLE* 0.08 - 1
Clol &l A I &2 0| E(DEHP) 0.008 - 1
QtEIZ 0.02 - 1
1,4-CI0|= M2 0.05 - 1
DEYH5IE 0.5 - 1
SIASZZHIH 0.00004 - =0k
OA(Zn) - 0.1 1
T2 - 0.02 1
CHO|OFR|z=** - 0.02 (M
ThabE|2** - 0.06 Q)
EtE|l2** - 0.25 Q)
EC 22202 - 0.03 1
11.1-E22220E - 0.1 EES
s - 0.05 1
A= SZZET |20 A3 M2 HE IH’HEI
=S trlchloromethane /¥ RIIRIAG [ *** . AEE(OME= QHE, ()2 ASEHA
2) EH1: "SRR, NOENES E—J 22 ¥ A7 RUZO| [HE 3)0) 23T 23
3) Q¢ TEEEEMY | M2EM7S 2 22 H Ad+E| Ma3Xe| [EH 20 Z&E =X

25)% pH 6.0~8 5EHEHR) 2] FEO.E ANSH Aol
th. o} Lhgol sjgeks 71%e AASHA L Slck. SHES] pH 7]
2o o110 o FHE BB e pH 65-858 ©Y 7|E
o AAs, 529 712 AN gt teh ARIAY
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pi= S ol
674 174
PH (27} : 6.58.5/ 6.0-8.5) (6.5-8.5)
BOD(mg/L) -
COD(mg/L) 77
TOC(mg/L) -
SS(mg/L) 671 -
DO(mg/L) 7 -
-P(mg/L) -
RE(mg/L) - 174
WS Z o 50/500/1000/5000 174(1,000)
(H4:/100mL) | 2N 10/100/200/1000

Az SEEAHI|=ZEHO Al M2x 2HT HER

gl 23 HAS ol Y716t st HFEHA RS
7150l MEE AAEIL Qlrh.200 o] FojlA AYer|ut sf=d 7|
2 A SfFeE 7= LA 7120l g BG4S FHIoHA] &
I & FE(COD, TN, TP %%, DO 5)o7 &
Y A QoA FEER AR T2 FFO= 37ty

oy, J

190) "2 0| 02 U (0] L3t HIS, H29%OL HEOZ0| T2 sael +HS ()
CHERP! 2 IRl BLFRR(EnterococcifS SAI0H 212 Lk S202 HAISHI %S,

200) SHYJO| LTS SIof TaHRIEIY B U Y| Tot ¥IF, KX U H13EH|1 20 w2} 25
o| L2 EIXIZ, SIS SHLI510] 7172 HIAIGHE IS (GH4-A=TA| H2018-105
(2018. 1. 23)).
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71 1ol A= AH(EME 5, 2019). DOEE44A), DINEERY]
Aa), DIPEEF7IRD, Chl-aBEEdaE §5), SDEBR) 52
St g BES AFE0DstAL, A E Ae(Water Quality
Index, WQDE 571 6& +HI 57 WS, I(ED), MES), V
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A AR 7R sl 712 T Sl e e €
%%E 7= lew, B olle skl e =,
AE 7]E0lth202) 18t o] 7|EE E-8ote] sk sl dA
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Jm ;O

H 4-6) MER7 |8 G441 7|F

S8 ™It X|5=2x(Water Quality Index)
| (02 £3) 23 0[5t
1ES) 24 ~ 33
I(EE) 34 ~ 46
V(L) 47 ~ 59
V(OFF LHE) 60 0|4

A= siYpAEIIA| H[2018-105(2018. 1. 23) K&

201) WOI=10X [MESAMATST]+6 X [(ASEUTIE SE+EHE)/2]+4X [(RERT | Rla+
8EF712)/2]
202) 7) il =EetH7|Z(2011H HX|)

oS +Elo| WaEHAT|Z=(2011H 111IX|)

= pH COD DO ST 2iiFE TN TP
°= (mg/L) (ng/L)  (EUHF=S/ %—E (mg/L) (mg/L)
100mL) (mg/L)
| 7.8-8.3 1 0|5t 75014 1,000 O[5t 0.01 O|at 0.3 0|5t 0.03 0|5t
Il 6.5-8.5 2 0[5t 504 1,000 O[5t 0.01 O|st 0.6 0|5t 0.05 0|5t
Il 6.5-8.5 4 0|5t 2 0|4 - - 1.0 0|5} 0.09 0|5t
1 | RHE-80] U 0|9 S SAMS0| AAL Al Bl G4R0| KI5t 21
2. Sl : SHUUAL] T L O7HAST 401 U 2 S S 1 2 SHAOA| AAL LAY RS SAME o]

RS M 01 SEE 48
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0jZ24(8) Cu, Pb, Zn, Cd, Cré+, 242, As,CN 2, 8% 13971
42 pH, DO, BOD, COD, TOC, SS,
ZAIA DTN, NH3-N, NO3-N, £91, o
.. YHEk=(19) DTP, PO4-P, Ti=2, <
5t . (483])
= 2ANEARS, EUHEAES, 2,249
= MI|MEE, 22285
3,6,9,12%
=34 5(8)  Cd, CN, Pb, Cr6+, As, Hg, Sb, ABS ™ ('DH’O?J)

Z: BHHO| A ZQAIH0| het 2 RFALE UHEI2S 483, Z24 S I SITHRA AA| X,
35| 3%} 90ll= TCE, PCE, AII3iEA, 1,2-CI2220]E CIS220E WM, 3220,
1,4-CIO|Z M0, EEUC[S|E, SAZ22HMS X7t ZASHL, 720j= PCB, S7191S 0j 13|
EIN-]

Xf: SHUIBIASIL T QUA|E] | (SHUSARTIA| K2019-375, 2019, 2. 27) KA+ A&

186



2| Zao| o7 ot

5
i

AKX
e

SEE o | 49

1.

__00

36971 oA 2571

Lr =
- O

e

Al
=

3}

2,249 A 2770

O =
i O

A2

—_
o

o
ﬂmo
N|r
il

ke

o
%o

N

=2 o2, pH, DO, COD, TOC,

SS, A4, Ql, AVAELE,

u,

Fd A= BOD, H|

o

TAAESI(OH4)2t FE =S

=
1

LSS

o
_ﬂ_y
R

o

N

gl

%

o

P 2AR= ABS,

52, As, CNJ& RAFSHAL, &
T2 A

Pb, Cd, Cr6+,
EN

Q.

o 9
= =2

< Ni

0°
Bo
=
Ho
N
o
o
Y
=
—_—

o

kel

o)

o BAE 9

foyel %4

9|

3}

gl

5

Z-&ddt.

o

blo
Gl

2] A

=
=

& 97%

8o

o
Ho

o ettt et

RS

1=
A2t o

o

™

o
ojn

.
._OO

o] =eofet

s
T

S}
=

12t

6(]—% o

Hake

=
=

Ao i

gl =23 922 5419

9]

b

il

o o2 59 5

HEIEOZA

s

o

g9

g2:xolc}, e}

siAe FAF v oiH] 28

ofm, Helet AL )

187



5|0

o
B

SH

3w

o

s
_-OO

N

—

0
NI

)

T
—_
o

m%
r

.
o°

o)
ing!
oy
)
ojm
__O._

94

9|

Hgel S48 5=

CEE

Abb Qe

o1 %3]
=

7k ok w 44 B2 A4

Xo
==

N

T dEddEdE

5

o

_ﬁ
—_
o

oK
™

ol

H

=40]

1=
| .

o] TAEo] gltt. AHEA = A183

188
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A4 Q TS FEL BASHOR Holdt R Auw WYY
o G ulaste] Y] B8Y A4S Fohd Wk 077
30)231)232)

i
0%
@
P
)
=

(1 4-8) 45517 I 2

15

At KRR 2 oiuErd HEX| (A 2019. 10. 23.)

230) Y553 MU AS YN HE| HEEHEEY)2 it H|WE AotH t-testE 4
SHSIRACE. 200435 2018EMK|Q KA=E 7185t M=E BF O|ZoIRICh 24 21 = 3F
A2 Wr0| L2 & 4= US. t-testOf] UM SEMAY(AR/H - & IE2| 2410] 2T
2 85t 21} F-value7t 0.23892 R4 5% oA HE7HIS 7|2toHK| S2ot0] & HH
K20l £AS ZHTH 5t 4= QICt 0|0f| Pooled methodZ 0|2510 t—test(HR7 1 : &= 129
0| ZLHE 4345t 21t t-value? 0.0001 L | Lot QO3 5% S10IM R/ A
7|25 = HE N=Q Wirt0| L20t siAle 4~ IS,

231) ML HHGHILSES Y 0t MEEEEEES YD) 2 t-test 21U} S AFE Q| HidO0|
CI2CHT SHAEICT t-testOf] A SEMA™(HR/HE : & IE9| 240| Z2THS st A,
F-valueZt 0.9.3342 F2JF 5% SI0A HR7HEE 7| 261K 225101 & B X1=22| 24k
ZCH 8 4= QICE 0]0] Pooled methodE O|2510 t-test(HFR7H : & &2 Hit0| ZLH)
£ 35t 21, t-value?t 0.0001 ELt 2A LI”F folZ 5% SiollA HE7HEE 7|2610] =
TN N=o| Yr0| L2 siAYe 4= ULt

232) opHnt aHFe| SH= Al AL F7| SOf| B LIS EEIAQ| H2A &R

1=
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(O™ 4-9) COD2t TOCS| 7

Surface

0.35

0.30 COD=0.303TOC+0.014

COD (mmol O, L)

0.00 0.20 0.40 0.60 0.80 1.00 1.20

TOC (mmol CLY)

R iYEESH, EIEEEY 2 MR, (2019)

shel R A hAa Hore] 2gke BESloE T
Aol gk, mleEae] A9 S g £ Aol gEHOR
FE2l Cu, Pb, Cd, Cro+, 42, As, CN233) 52 Q1719
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3k Bt BAkete] HEofof gt} 2 AT BHEE
|0l A] sFx4=e} sfj4ol] o 3
7tEg, 2, 3% 71 5Y EAA
At A& 59 1= opH T} o4 B
(Z2F 340, 150, 69, 36 ug/L)2F SHAF Qlo] ¥lwsht, 2

%743t gkell 0.9828 Fsto] sk CMC EAAIRI 16 wg/L 4k
7 vlwghe}, SHE sfigrollA £ g2 s CMC £AA] 1,100 ug
/L7} Blaskr] gt gk @RolA ST #holl 0.993% Foto] At
gt goltt. ol 7+ FELZ A9 ESIEE 540 Ak
(hardness), pH 59 540 A|go|u}t LAttt g2t 34 FH =
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(B 4-16) 0|= ofM U SiY EQ| B4 359 MatAl+
= St™ CMC Sl CCC i<~ CMC | 3l CCC
H|lA 1 1 1 1
1.136672- 1.101672-
IEE
=8 | (0 hordness)0.041838)] | [(n haraness)0.0a183g) | 04 | 0994
AE 67t 0.982 0.962 0.993 0.993
-2 0.96 0.96 0.83 0.83
1.46203~ 1.46203-
Lt
= [(In hardness)(0.145712)] | [(In hardness)(0.145712)] 0.951 0.951
2 0.85 0.85 0.85 0.85
Lz 0.998 0.997 0.99 0.99
2 0.85 - 0.85 —
OofeH 0.978 0.986 0.946 0.946
Z: 1) CMC: Criterion Maximum Concentration
2) CCC: Criterion Continuous Concentration
A2 0|284E 5% SH0|X|(ZAM: 2019. 4. 9)
E3 Shdol PO RYUSE FFAHLUNLY YRe £
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RI5% Z2 2 HEH!

B3l BEE 7|22 ANST Atk AR AREE J1EL ¢

cHa YBAHOE AAstAL 9loH, A8 7|2 8719 =0
diste] o9 9 #or SES 25 AASHL At
34 A7124,0 ZFEE 2457 H8 sk Te g =EAdH,
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FSAe9Y ¥ 3 AL AdFTZEEA =4 A1, 2012a.
FSAeAY ¥ 3 AL ASFHA = - AIRY(I);, 2012b.
FASAQN Al ZA}, 2015.

L TARR s 712 A13(2019~2023),, 2019a.
FSFESHT =8 A, 2019

T g7 47 A, 2013.

S YA A E T, TR SRR ARAF At AR T1EAR,,

gt ST T, A " = SiFAE AERAF A, 2012,
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« EFDC(Environmental Fluid Dynamics Code, US EPA & DSIINC. ) were used for Hydrodynamics.

« EM3(Ecosystem Model for Marine environment Management by MOF, KOREA®) were used for the calculation
of marine water quality, developed for TPLMS. EM3 is possible to add or omit of the state variable in accordance with
the purpose and have been considered autochthonous COD by internal production. Water quality compartments are
considered as phytoplankton, zooplankton, carbons (particulate organic carbon, dissolved organic carbon), nutrients
(dissolved inorganic phosphorus, silicon, ammeonia, nitrate) and dissolved oxygen. COD. T-P.
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rifting buoy trace
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