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EXECUTIVE SUMMARY

A Study on Measures to Strengthen Water
Quality Management in Saemangeum Lake

Won Keun Chang - Seok-Mun Choi - Subeen Choe - Semi Jeong
- Ki Won Han * Sung-Jin Cho

1. Background and Purpose

= The construction of the Saemangeum Seawall has influenced
the natural hydrological exchange between seawater and
freshwater, resulting in severe water quality deterioration

within the lake.

= Although a lot of water quality control measures
implemented since 2010 have substantially reduced the
inflow of pollutants into Saemangeum Lake, the underlying

water quality challenges have yet to be fully resolved.

= While the systematic seawater exchange since 2021 has kept
in-lake water quality stable, concerns over the management
of water quality in the outside of the lake affected by this

exchange are growing.

ix



= This study aims to analyze the current water quality
management framework of Saemangeum Lake, and to
propose policy directions to address its pending issues,
thereby enhancing the effectiveness of water quality

management.

- Analyzes the major policies governing both freshwater and
coastal water quality management of Saemangeum Lake

- Examines the frameworks of policies to protect and manage the
unique natural environment and water quality conditions of
Saemangeum Lake

- Presents directions for managing current and future pollution
sources required for water quality management in Saemangeum
Lake, along with essential considerations for marine water

quality management.

2. Content and Methodology

= This study analyzes the effects of the Saemangeum Seawall
construction, covering both pre- and post-construction
periods, as well as subsequent changes in seawater exchange
methods, on water quality in the in-lake and external marine
waters of Saemangeum Lake.

- Water quality data from the National Marine Environment

Monitoring Network and the Saemangeum Watershed Integrated

Environmental Management System are analyzed over the period
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2000-2024, comprising five key indicators: COD, Total Nitrogen
(T-N), Total Phosphorus (T-P), Chlorophyll-a, and salinity.

- The study period is divided into six distinct phases (P-1 through
P-6) based on seawall construction, seawater exchange, and
changes in sluice gate operation, enabling a comparative
assessment of water quality changes in the in-lake and external

marine waters of Saemangeum Lake.

¢ P-1: Prior to the final closure of the Saemangeum Seawall (~May
2006)

« P-2: Unrestricted seawater exchange (May 2006-Dec. 2009)

P-3: Twice-daily sluice gate operation (Jan. 2010-Dec. 2014)

P-4: Once-daily sluice gate operation (Jan. 2015-Jun. 2019)

P-5: Sluice gate operation at 4-day intervals (Jul. 2019-Dec.
2020)

* P-6: Twice-daily sluice gate operation (Jan. 2021-Dec. 2022)

- Water quality improvement mechanisms associated with
seawater exchange are analyzed, including changes in water

residence time and dilution effects.

= This study compares pollutant inflows to Saemangeum Lake
before and after the implementation of water quality
improvement measures, and estimates the total allowable

pollutant load of the lake.

- This study analyzes changes in pollutant inflows before and after
the implementation of the 2nd and 3rd Phase Water Quality

Improvement Plans for the Saemangeum Watershed.

Xi
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Based on the assumptions of the lake's water surface elevation,
volume, and target water quality, it is estimated the assimilative

capacity of Saemangeum Lake using the Bathtub model.

This study also compares the pollutant inflow loads from the
Mangyeong River and Dongjin River with the estimated

assimilative capacity of the lake.

This study analyzes the characteristics of major water quality
management policies governing the in-lake and external

marine waters of Saemangeum Lake.

The legal frameworks and policies governing water quality
management in Saemangeum Lake are examined, including the
Special Act on Promotion and Support for Saemangeum Project,
the Water Environment Conservation Act, the Sewerage Act, the
Act on Water Management and Resident Support in the Geum
River Basin, the Marine Environment Management Act, and the

Fishing Ground Management Act.

It also reviews the linkages between land-based water
management systems and marine water quality management
systems.

The water quality management policy case of Lake Sihwa are

examined for comparative insights.
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3. Result

= The construction of the Saemangeum Seawall has resulted
in significant water quality degradation of Saemangeum
Lake.

- By 2020, the water quality in Saemangeum Lake had deteriorated
three to four times compared to 2006 levels, driven by the
accumulation of organic matter and nutrients, increasingly
restricted seawater exchange, and a decline in the lake's
self-purification capacity.

* Mean COD concentration: Increased from approximately 2.5
mg/L to 8.2 mg/L

* Mean Total Nitrogen concentration: Increased from approximately
517 ug/L to 1,754 pug/L

* Mean Chlorophyll-a concentration: Increased from approximately

9.4 pg/L to 26.5 pg/L

- Over the same period, salinity declined from approximately 28.6

psu to 10.2 psu, reflecting a progressive freshening of the lake.

= While water quality improvement plans in the Saemangeum
Watershed have reduced point source pollutant loads from
upstream areas, the management of non-point source

pollutant loads remains insufficient.

- The implementation of the 2nd Phase Water Quality
Improvement Plan for the Saemangeum Watershed resulted in

a four- to six-fold reduction in pollutant loads from the

xiii



Mangyeong River and Dongjin River.

The upgrading of most public sewage treatment facilities in
upstream areas of the Saemangeum Watershed has enabled the
systematic management of point source pollutant loads entering

into the lake.

However, non-point source pollutant loads account for 90% of
the total pollutant load entering Saemangeum Lake,

underscoring the urgent need to strengthen their management.

Meanwhile, demands for addressing the issue of pollutant
accumulation in the bottom layers of Saemangeum Lake remain

persistent.

The assimilative capacity of Saemangeum Lake is estimated
using the Bathtub model.

The Bathtub model was applied to estimate the assimilative
capacity of Saemangeum Lake, based on the assumptions of a
water surface elevation of -1.5 m, the lake's volume, and target

water quality standards.

* As of 2024, the assimilative capacity of Saemangeum Lake is
estimated at approximately 64 tons/year for Total Phosphorus,

720 tons/year for Total Nitrogen, and 7,848 tons/year for COD.
* For Total Phosphorus, the assimilative capacity is distributed

across approximately 21 tons/year for the agricultural land-use

zone and 42 tons/year for the urban land-use zone.

- As of 2024, approximately 56 tons/year of Total Phosphorus

Xiv

remains accumulated within Saemangeum Lake, representing

approximately 87.5% of the lake's assimilative capacity.
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- Meanwhile, approximately 112 tons/year of Total Phosphorus
enters Saemangeum Lake from the upstream areas of the
Mangyeong River and Dongjin River, equivalent to
approximately 1.7 times the lake's assimilative capacity. Of this
incoming pollutant load, approximately 50% either accumulates
in the bottom layers of the lake or is discharged into the external

marine waters.

= The expansion of seawater exchange has led to measurable

improvements in water quality of Saemangeum Lake.

- The sluice gate operation method, which had involved seawater
exchange through the Sinsi and Garyeok Sluice Gates once every
four days from 2019 to 2020, was changed in 2021 to twice-daily
exchange. As a result, the water residence time within the lake
decreased, resulting in a corresponding reduction in the
pollutant level of the Lake.

* COD concentration: 8.2 mg/L — 6.2 mg/L (approximately 24%
reduction)

« Total Nitrogen concentration: 1,754 pg/L — 1,294 pg/L
(approximately 26% reduction)

* Total Phosphorus concentration: 96.3 pg/L — 66.4 pg/L

(approximately 31% reduction)

* Suspended Solids concentration: 24.9 mg/L — 15.2 mg/L
(approximately 39% reduction)

= Policy implications are drawn from a comparative analysis
of Lake Sihwa.
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Following the expansion of seawater exchange in Lake Sihwa,
COD concentrations decreased from 17.4 mg/L to 4.3 mg/L. In
particular, since the start of operations at the Sihwa Lake Tidal
Power Station, COD concentrations have stabilized at

approximately 1.8-3.2 mg/L.

Water quality management in Lake Sihwa has achieved its
management targets by integrating the systematic control of

pollution sources with expanded seawater exchange.

When pursuing water quality management measure focusing
on seawater exchange of Saemangeum Lake, policy attention
to water quality management in the external marine waters

becomes critically important.

Current sewage discharge volumes stand at approximately
611,217.0 m*/day. By around 2050, when the Saemangeum
Project is fully completed, total sewage discharge is projected
to reach approximately 880,000 m?/day, with the additional
268,763 m?/day to be discharged entirely into the external

marine water environment.

Given that both seawater exchange and additional marine
discharge policies function by transferring pollutants from the
in-lake waters to the external marine waters, effective water

quality management of these waters is critically important.
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4. Policy Suggestions

= In the current water quality management framework of
Saemangeum Lake, measures to reduce and control
non-point source pollution entering from upstream areas are

important.

- Pollutant loads entering from the Mangyeong River and Dongjin
River watersheds, located upstream of Saemangeum, are
approximately 1.7 times the assimilative capacity of
Saemangeum Lake for pollutants, with the majority of these
loads attributable to non-point source pollution.

- An integrated approach to applying non-point source pollution
management policies across the Saemangeum Watershed is
essential. These policies are set out in the Special Act on
Promotion and Support for Saemangeum Project, the Water
Environment Conservation Act, the Act on Water Management
and Resident Support in the Geum River Basin, the Sewerage

Act, and other relevant legislation.

= Future water quality management policy for Saemangeum
Lake centers on two key areas: managing the reduction of
pollutant discharges associated with new development
projects, and mitigating the impacts of marine discharge and

seawater exchange.

- As Saemangeum development projects advance in full scale,
pollutant loads from both point and non-point sources are

expected to increase, making the systematic securing of

xvii
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treatment facilities and upgrading of existing ones important.

However, since most discharge from new treatment facilities is
planned to be directed into marine waters, measures to
minimize adverse impacts on the nearby marine environment

are important.

Strengthening the linkage between freshwater and marine
environmental policies is important for the successful water

quality management of Saemangeum Lake.

Saemangeum Lake presents a distinctive water quality
environment, where freshwater from upstream sources

converges with seawater introduced through the sluice gates.

The legal frameworks governing freshwater and marine
environment management currently differ in their tools and
structures. Therefore, strengthening the linkage between
land-based water management systems and marine water quality
management systems is necessary for effective water quality
management in Saemangeum. The collaboration of the Ministry
of Climate, Energy and Environment (MCEE), the Ministry of
Oceans and Fisheries (MOF), and the Ministry of Agriculture,
Food and Rural Affairs (MAFRA), as well as regional

governments, is also important.
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PERCENTAGE OF
POPULATION SERVED
BY THE PRIVATE SECTOR:

B OVER 0% !
[ BETWEEN 50% AND 70%
[ BETWEEN 30% AND 50%
- BETWEEN 10% AND 30%
[ LESS THAN 10%

[] HON OECD MEMBER

Edouard Pérard, Sciences-Po. 2007

Fig. 1. Private sector participation in water supply in OECT countries, Seurce; Pérard (2007a), hased on the review of insitutional communication
of major private operators, national and local governments. as well as liverature review.

XtZ: Edouard Pérard(2009) p 194.
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119
T,
i

AH|(%), ppm, ppb &), ¥H, ASIA, H=(mg/L, ug/L 5), &k
(m/s) 59 9YE Agslo] FFH oz FASHY
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SEu2|of Jign Fx 02

= %T_ﬁ A oA S AR g A=Y A=l
A== =9 Arolghal Aokl %E}.l@ oM ml, A&, I, AEA
%4 52 A9 7H | ‘ﬁ% Bol® dASHA HolsHA| Y= Holot. A
75} FopoflA| ARgSh= A E S :‘13](’ N2 ZpgSto] HAE 9 A
Aoj| 2-8sk= Ao] IRk ]‘jr s =0 vl52 48375 (Clean
Water Act, CWA), I T FA4=H(Safe Drinking Water Act,

SDWA); 5olA #4=Z ‘ﬂ’g 7@45}}] et ot AYREAE
(Federal Judicial Center, FJC)= 42 “A|& €% (Designated Uses)

£ =S £ e AR, Water System), SAI(k#4, Water Bodies)
B2 FAHOKENR, Water Resource)17)-°4 SFeh4, A8, E2|5H4

58 52 /Mg SRt Ao shHeka AL8aka k1 Ui, o
%, RULY 9 HE §ol2A $US B2 FosiA gov], Bl §
=17k A48 A9 setd, BelH, Buaty Jehg YYHD 5L 4

Prow FAG Aol sMskn ek

FAo| FA- A SAE2DY] §Eot AAHCOEHN AT (Water
Quality Management)9] 7ido] FAstEt). & A= 24E 74
Stal G0 ATt oS FAYLEHN Eo] AU THRIE
E Hoska s 915t A9 Fet el & 4 ek et
A pATEE AT 8ot AfEE tdRt AIE siasfor St
(Krenkel & Novotny(1980), Fischbach, J. R. et al.(2015)). OﬂE %@
T2 Yol sgste A BA 24, FATY &= X

16) "2HEMY, 22X AE

17) T2=X1ee X*f A& 2o A HE M2ZM1 S (X702t QI7te] MEO|LL AXEs 2 &t
ety Xl S ot= 0l 0|12 %E AHEo2MQ 2 20ISiY).

Federal Judicial Center(2026.2.2.).

18)
19) 428, UN-22E, ], YHARXZ, 8, s¢8, MU &
20) OFF 28, £8, UZ, OIF LS, &3, THREH 2, YAV LK Y8 S2% BJ
21) 0|3} “4HS O 2 HAlE
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o TS HE AW TARA £ 7129 A4 Sol SPBe
EFolof Ttk E3t £ 7122 Holhe JejRA +1 299 e
53 99 IR W] At 44 BUE AAY T4 L 2%, £
29 A9 A4, £ 0F TYY ALY F7FAT} BT
2o 2%, 09 B4 X 7149 A8, Ae 71& WAL A% A, +2
B B WAE F A S84 FRE 9% 18 59 vk 84
gzrelo] EgEolof Fi.

g2 oJu]o] &4 @ A(Water Quality Contamination)2 452 4
o] AlFZHH o g Wl HE S ZRIT) A& =0 MEE 2
FAsHAY 71& LdEdo] FASOA w7 H=
Y GAl Yol 2T 4= qlom, 29 Wt £1Ut IEfA|=
< ofu|o] =4 e Fof gt ghH F2 9n]9] 4 ¥
(Water Quality Pollution)2 A 4 Aej7F WA S50} 7]
Sk g HPEOE HlojH o =4 Q17 A7 AE e Aol #7841 9
FS 7 A= ARl HE.22 FAG xFE edEdo] Y& Wol
o] ‘&Aimpairment) o] “FI(AFE, public nuisances) 7} 2AYo}
= A7 52 9ul9] 4 29 tEAQl ARFlolth. ERt Al £
E 49 o] UF Ho Izt A% gejA o] Z¥(Shortage, #Z)
AFE 4ol ARE 2 U9 4 2o ZFT 5 ok

o X
(D)

(o]
¥
e
T‘”

il

il(; il
el
2,

et
o
2
>
st

{l

It

1-

o (

O|

5 ool the Yoot Tl AopE-arbas Aol ek o2
Yol B49] {27 £EHE 51 290

A gherh g BT AW o] B 4 Wt o4 £3 0

}

22) Chapman(2007). pp. 492-501.
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a2lof s Fx 02

=]
54

=

St etk ot ST B, =AY G
JFE F= 4E £4 2%9(Pollution)o&2 g5kl FEjgic}.23)

H2 571N 8= 7iAste] =9 7HE wole BdEY= A
OS2 filoks LU9EdE Adshal Afeke wE BHe Mesit. 1
olf= H= At A fEUEE HIRet B2 =7lA 29 71
£ AAIZE obd TEAR QAAEEL Stk = A4S gt TR0 HE)
a-go] FA] ghot W AZFAE o] g4 g Aot nel®
A £ 290 dF= Al L9dS He g, 24
S8 29 919 o] o197 wiEolth. L et 2H9=4
Aol7] A2 Hddol=t TR iRl F2 AlEoA HiEshke 2
o] oA LS B3 AR HEHe dtole 2
AHE SISk iAle] it AU ] o AT k=,
22 v AN iEs = 20&% A2 YIRS ERlo7] of2e-
G=22 gl A 1A wefs7]7h B of A U}Xh_
= 729 pASS AR ﬁ‘?&ﬁ}ﬂl A=l 9t AlE S0l At ok
9 Aol gt 8 2 EAl= % 6} ket Agtstte] =4
I AR 9= v © o =8 29 AHAds]
FelAe ARk e7e =2 29 1?47} Yoot ol wet Al
o} o] et e =7 BV B2 F571HO] Fieshs A9
L HE7E 7P AAIFolAL gEHQl AAoR Q1A=L .2

o

mlo

XNofe of
fo o o md Jn o

O}V uR

rTr rl
a"s
2 Flo

By
[¢]
il
20
ol
_‘_4
jg

23) California Code, Water Code — WAT § 13050 (k), (I) &=
24) Wolters(2022). p. 2742.
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H2E £E 29 2o MuI(FHR, premise)

FAGE A AAl= 29 7K EA 9 2 7] AT g
of thgt 9|, 4 e A el it w4,
T4 eAdEd wiEAdY d7HAL, 4 2} HiEe] digt 71 A,
71% 2ol Uig g7 2 BUEY, 48 249 A 24 5 ohgRt Al
5 A 947F asitt o|2et A 847 AT AA O a3
2 A7 ke FASY = 2 Ad, FATY &=
(designated beneficial uses of the waters), 232]9] v}&HZ]
S 5A 4 7|EE A5k W& 5ol e A4 4K 7

EF|ofof gitt.

Z] A

A%
ANZ

25 floiAe AT A9 ddat HJY HIARA FAT
9] g Ho| st AA(Designation of Management Boundaries)’
o] Fasitt. AT AAATHRl M= A5 BEAF=S
5H4 Hh3(biogeophysiochemical processes) o FFS F+= FE|4E
oA, pYAETA, 71445t FEAS efsto] shel AT 9E
THEsto] Ak W] 7Y dubAolth Adnetd o s HAEH WY
£ A 8 Tt B4, I 3 A9 Hel, 57 D AR Y] 4
e A 220 53 22 P E ARIFAA BA FF= ot
AlEEAY 2 BAE7| & S} webA] shte] AT L9 QIe
AT oy gebd o g AR]A 0w 719sHA AAE] 9o, 4
| A B JA| AT AZE o] AUtk
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SEu2|of Jign Fx 02

FeEluEolM AISS] T2 Mo, T YR B, SolA &
AT 4= k. TohH 2 sk 9] Al 54
SFH25), sPolle shdT-at SHdAldo] ek th20) Bt SPHAIE S
shdele] et HiH) - s=Ed - s 52 ZATh27 2018
g 78R euEls A=Y e Y, Yeddd, 549d9,
AAGES, Y, AFEdgoR I 25kl o oF 3,83374
S FollA =7 637147t Alshd2 3,770747F 242 A
o] 9Jc}.28)

sigel ¥ ¥oe 7EHer Tageabdd 712W, A3z Als,

fgel 5 AL, e Al ) SolA HRtet29) ghE s

AT ek e Ao AR A2 TR RN, T
= SolA skl ATt

g

4 2ASS S 40} Fete] el e A AL
A A% B 99 BEstol FBRARAY, A g, 309, 289
5oz etk 4] SABS A dUele Bge, BuAc,
L HE4A%0E FoA Ut HA%L o ZU
a7GoE Aielo] Aol YIrk3D ofdl, AW, T4, sHeln 2
e A5e] B4l et $AY 3L A0

>~
m[o o
1:1
v
9‘11‘
f
_(?L
RV
o
el

4o

>
il
offl
9 1o
>
i)
rJ
o
18
rlo
4

SFHE, M7x

SFHE, M2ZM132H HM3%

oRMY, At M2z

ELFEIAIAE“ (2025.11.8. ZAt).

~
[}
o 9l MafQAT 7| HBE H1S o elat 3 Tk

B2I2 95t XIFE oIS LAY 0|2

(]

‘I

=

A 0Q I'>I

+

N
(©¢]
—_ T D D
on o
il

2 HZ)
S, 2252 03 9 AAYEEE Bz SIZRIA| H|2018-62,
018. 1. 18,0l 2} SAUT} HAIUS HE510] SiLto) EHﬁ‘EQE?—Erﬁf&’il R
2 PEE HEHGS MR GAZHE TR0 SUBAS 511 US

[=Nye] o

-
Mo
IOI'

N
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s g A - WelE flste] 9o Aol ey ol
2t FABEE AT Bk FYoRA SRS SEATHA =
gstal QUeh.33) o] L s AT E Al A= A e W

A3} S8R ol 245k AFdRIA HiEEe 29EE
STTARS) 9] AT Aol v 2o k. 2 a7
= 2 T8 | AEen, MER Al o] EE el )
Hoke SRR HYlEo] g FYHA BeF A
A2 52 2A'300] Het 82 Egdste] SR, s S 2
o] Helol dAst BEshor sk 2AE ASstaL AT

N

1o o

0

2. | el B XEH 7z 43

BeEole] A oplet £AFY] BES ARG A SEER
A3 #%-efa 573 7122 AASE Aol Bast £ 7122 59
7 AR, B9 7SS4 95 Baw

3= 52 -ﬁ%@ % Qe SRk B AR 4 7)) Wik AR

to
1o
o,
ofo
_}L
T
(o]

>,

32) SiU4AETA| H2018-108 HE 1A%

33) Mo %%1._ 219, M 162

34) Foflratdma|s, AM15629] 2 2 Z2 | Al X|10E
35) MofitEtATal, H15620 2 2 Z2 ¥ Al M11ZE8H M14%
36) oYV |22, M11E AE

22



&

14,

o] +4elA

=
[}

R
ki
=

S, 24 A

il

SEu2|of Jign Fx 02
[¢)

H

&
+o]

51

o

%
9

=

=2

o Sl

=

o

il
T s Aol A Boot BEeg A

o

712, TESREEAR, 5
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o
©

T}.38) Ay
2071

RS

St

1, 540 4

of]

°

Hg=t
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R84
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[e]

= o]tk LA
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il v 7

O

of "]

=
LN

o] 0.005 mg/L ©]

=
RL

20|

[Efe]
o

H3 7]

b5 7]

°

=

threshold)2] 74

°

SO
=T

=

‘0.01 mg/L ©]
Rt N

o

SH

|4 F(critical point

o

|
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T %2 sEe H8sa 939

sF olx/gt,
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oo — o O T =2/ o
parg=1 iEs] =2 ol
Atel 1% 2074 1971 -
deetd 87 871 37M
AEf7 |2 ol E - - 14
SHAUE AT S - - 87

A2 TEAMEAMT |2 | A H2E HH ML SAE & 97 S22 XIHGIHOLY, COD &=9| AL
20154 12€ 31UMX(2 HE g

B 44 L HEE 9% V1FL ST AL F 87 3R, 9

FS F 374 FHS 247 HGIAL Yk SL0lLEE(PH)Y FHFEE
° % L g=olxat 7129 2

WAL g ofg Sof fgEE /ES SN it 4] SFow,
2 %

20l S J= 9 gL

o

o, ST sak 27 T
(6.5~8.5% 6.0~8.5)0.2 311 Urk. T4 B I} T4 5F
8 54 7129) £33k pH, TOC, DO, $dhg2- 2t d# o

ot 4
o rlo
L
o
1o
D)
)

H1
é);s‘;
i)
fol

P
1o
4
ﬁ
_}l_‘
)

I
B

INpSE= I SA o
pH 658 155

BOD(mg/L) 788 - -
COD(mg/L) 788 - -
TOC(mg/L) 755 -
SS(mg/L) 6ee -
DO(mg/L) 788 -
T-P(mg/L) 758 -
T-N(mg/L) - 78 -
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SEu2|of Jign Fx 02

NE 8= S SA F el
Chl-a(mg/m’) - 758 -

SE2(mg/L) - (&

&= = 455 174
(Z4/100mL) | 2o 453 -

P a0 YR He 3l fAE A Sew A AEES, &
Y& TUET, FUES 5o FEUH AEEre e =)

AsoA, 5985 E 4552E AFE A5

ol
el
N,
do
ol
2

sfof @k, oS 9, BE 5302 A4H $A5Y 2& AUELE o
831 Aol olat, AW, TG FY, LF 5% 2 ASHYE )

H
N
@
ol
F%T.
fol
b
o

| X1 B2t HaXie

S8 A8 Ex B2 (F4%2])
PS

WL ES I TEERS ZHEHt BaAfe|(0]1 A7 5)
2 b Bygs ol BRI 2 417 5)
o =L g{g%_)'& QIHIXO| MHAX Th RIX] . AL =
—||_|'_§E Il ACIQA El_l-_ll_l OTX-IE'KO:I'Ll-'?\éII_-l =10 3)
TooT
as MRS | 1T FAHACI, BE, A 50, 47 5)
zegs U0l 2]
solg .
oF7FLpE |V
o ) =] - - —
SYEs & FHaX|(on 2N, 2gE &Y, A7 5)
L \% SHEF S HaHe| (F4E £, AuEY 38 5)
O L VI - -

B
]
N (SRR, AW M2 EH1 AEe
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Sfgol ALY fA 9 B0 T3t 7182 AP 1) T
AR 9] oA FRIT 4= At Fhol2s:, ST, &0
FEE 5 370 &0l diste] 7Iko] AsiA Qloth. $HH S8, o 5
9] g=of I3t 4 V|E2 Hr HENA AU LS {4
i TS oA A= diegs dideR A
(100CFU/100mL ©]3} £+ 100MPN/100mL ©J3}) e=3} G3PE, 3
25, FoSEE FES YR 7ES AXS T8y 9] &
< 52 500CFU/100mL ©]st E+= 500MPN/100mL °Jst= 474
Elo] Qirt. o] g2 Mo g Ay o) BeeE /A ¢ B3 7% &
&g 1,000CFU/100mL ©oJstEct 28] F= AZASH Fo|ct.

olF KT 1 T2 95t 224 7|2L Mojgmay dDa} MedalE
A7 o)A FATIE TolFBEH, 9] Shollr FHEo] 474 7]
=2 HlIEF 3 ol A4 S-S wrgst] 7.8~8.29 MH A=l 9
=, ol MFYRARAH oA AAsH= MY 6.5~8. 5K} AA5}E

]

¢

—

.

eabE EATY ol BAsHe ofe] 71201 TR R,
9] SjFEA7IE FolA Aol RS V12 197] =S Yo A4
skl Siot.
(H 2-4) A4S MA] Ot ET|E(E)
- QAN 9__7.<_E|7| RIA _9_7<|:|7|o|
el 2A0REE =t ot/ 2
+20) (mg/L. (mg/L) (mg/L)
RS 7.8~8.2 3.0 OAt 0.14 0|3t 0.04 0|5t
X2 SHQAETIA| H2017-1095(2017. 7. 21) EE 1 XH2|(GH4 2EI2 O @702 A% U 1y}

SEMAE EH oA HIHQZEE 2m O|LS| 59| 5= Arﬂ)

40) THABIH AL R2E HE 185

47) To{ER2(H , M1 201 THE sHUAR A H2017-1095(2017. 7. 21) HE
5,2

7- AR
42) BMEA i***g 59 RHSH Q7 |FE(MZAAZ AT IA| H2025-4

1&8=
025.1.24.)

X

o
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SEu2|of Jign Fx 02

H3E =l 8= A& A A=tz

NBkeE A 4AE Bof QU] AFTE 24T Foz, Ffol
AR 71 FARE AR B S ok e Askee) 21 0 o
2 919 34§52 A, 2000800

& 24siol SEBRoR AYaT. o BAHE AStEl AdE
guuy AU $L8E A ANEES BEA Bt

1. AMels sEge| Fa

Aleh F2A A AR NE7IEZAGREER A Al425%,
1986)°ll w2k 19879 4doll AlZtE o] 199449 1€ 5= UTD) &5
Al 7o =, Aote o] A dol= 12.7 knolal B A 56.5 ki,
& A&7 3329 o gl 7 WA 476.5 krolt. A9
SAE 5L Algte ] gE TU8TE ARSSILA St 27
LY g S T Ao e s TS
25199t} 44)

A Ad o)F Algkze] o] 343 ofslEd] He YR WeA
B0 TASlE A (1990)% S=Fotal 19975 H i f-5
< AFYY. S5 fE0R AlgkE 51 s} 2V} WA Ha JRe
20008 AgteE sieos RIS 2S SshHA SRR s o A%
siolt. 7ol whet e FEEA7E RIA SRR A E TS
43) ZEHAE(2011), p. 19-20.

44) ZEHFR(2011), p. 21-22.
45) ZZEH(2025), p. 4.



(O3 2-3) Alatz WE oli=2| COD Hat

207 | wEaEE | JUYR (97.07) 2 B
s ream | eAeR resom) el Eepyms o8
1';4 S| X3 (00.02) i
18 /1 et 271 (00.04.) I B A 2)
1" " | | e ] ZugNL 124 ¢ -] (R E] 254 e (gt1]
/ | BHEe 43 Co4a2)
a2 | AN [02) L L e
- 12 / | AR 0193
13 i el
S H \i | epewsuse
8 il \i | k2 pe
g i
78
s \ 75
s 582 = A
43 45 4 A A
35
2 28 3 3 - 3
26 28 2 26 26
2 18 =
e
n r @ oo = M om o ow @ = Mo om o ow o e~ @ @ - o om
' EREEEEEEEEE R E R EE B E B R B EE R EEE
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Xt=: ZZEH(2025), p. 23.

s diesE fAE Adle SEdEsde S 6
20029 "AEE FFEHAY Z TAFA o= FH AP ¢
H, 20049 53 AlgF 29 = 201197 E 7FaE =t oz 2l
3 s 5 FE7F A A

I

20139 5E Alsts EdTE s o] gt AL FSFHE 7T AlZHE] o]
SAQ Yol gigt A ARl )7t BAZ o7 2AE AT A FETF
e 71 EA G} AYA o] sduct £YEo], AR A3R}F Alsts At
QA& (2023~2027)7F AlBE 1 QT

19964 Hd Aot AN 12 2001 87H4] & 4,493 H=
FUste] Agtee] £AS St SRt @57 1,3469 9, A
GEAPE 1,9519 4, A 9989 4, oMt 198% d& 744 Fst
< AZez sieAed 4, Qs 24 A & Q= U, d5EA
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SEu2|of Jign Fx 02

9 AR AX] 52 F9 Y802 "gkthdo 84 0 A 9
3 wgog =g 5139 BODY} Hasks 8718 B7|= fich o
2 3Pg33} Qkbdo] BOD7F 19979 69.9 mg/L. 29.1 mg/LolA 20094
3.7 mg/L, 3.5 mg/LE Z¥z} AA 74547

YA A4 olF ofshd Algke 4 S A%t s e 1996
ARE AR QI 48) A w2 B3 714 ]l Bt Qs
o fdol Al on, o]l 1997d0E 5009 M A1Y ot
Atk 1998doll= ZW R s sl e 2¢9%E 3T
750~1,000 m'2 ST 8HFE = B5 st} £4g o8t A
Al zZog 19 23], 39 1,500~2,700%F (3] B 2,1008 w)E
& ot AT 49)

Aot 2T LE i 5 SIS S Alste Y 3 AT Rl
iAo A Sl A&ol] 7335171 fiet FA oz AEHUH. A 71732
200395Ef 20117 AL, o] 713 B% ArdE] & 3,5519 o] £
EQlrh MY AAEFS 254 MWolH i fad-2 ShF 1479qt
wE E =50

EN(2025), p. 14
EH(2025), p. 19
EH(2025), p. 18.
4E1(2025), p. 18

46)

47) 2
48) 2
49) 44
50) ZESYE(2011), pp. 128-129; ZZEN(2025), pp. 20-21.
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6,000,000

4,000,000

2,000,000

2,000,000

-4,000,000

6,000,000

ME
-8,000,000 = H
s

A= ZZAEH(2025), p. 22.

RUREY (M)
1
2
3
4
5
6
7
.
1
I '
1
o N —
%
s N E—
L]

20139 5E AFSolA At dFFEe] ALt A= Ate
ASFo = M S8R g =YEo] 4 Ao aAE
Hd ALR Algse] g F fAgR J8E Q. Al CODY &
TP I LAEAR AAsto] ZHof| digt B ERE Aot
ot @A AP F2A AR At AFFHE Y] AEHE FoHA) E
AH(B) 9 ko] 242 COD 3.1 mg/L, 4.4 mg/L, TP= 0.053 mg
/L, 0.123 mg/LE 2A3H3ct.5D

oje} T2 ALY g og A3 $3o] A HHE A7t UG
ot BxA &5 T Hd 17.4 ng/LA997)7HA] =otd Alsts W&
COD7Z} AHA] 84 953t @45} 27] 0]F 4.3 ng/L(20008)Z 7HA=S)
ot o] AL 7H5(2011) ¥ At AFTTHHE A¥(2013) F
COD+ 1.8~3.2 mg/L 502 FA=IL QIrt52)

51) ZZEH(2025), pp. 31-32.
52) ZZEN(2025), p.23.
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SEu2|of Jign Fx 02

/\}EH%’_ 7].x} i 3 Ke) %7}—1 z’\_ o] H %_8_ 5H°oki7§

° F2A k&0 =2 F 1079] o
FREZ4Y 4H(BCO129~BCO138)°] LY 1 Slrt. g A|3ls 9
o= WALl et 47 AA(EHANA A2 & BCO107, BCO108,
BCO116, BCO117)°] YR80 Qtt.54 A3}5.0] 44 AFeE H7] QJaA
Y= 1070 A4 Ams B4k, s 4502 g 9= Fo] AHE
gRlstz] Helixds HEAl AHT 471 S &5ttt

1997dR¥E 2024A7HA9] AAw7}t 7Hgshd tiFEY] A2 19974
o]Fo] AIHE9tt. 19974 o]XFH +J=d FH2 BCO107, BCO108
o1 2004{°fl BCO116, BCO117, BCO129, BCO130, BCO1312] 57K
g0l A= 2EHPAATE S5 2011de] BC0132, BCO133,
BCO134 371 “g3o], 18ja At FZFH= 7 =YH 201340=
BC0135, BCO136, BCO137, BCO138 47 o] A= ict.55)

H2A WE9] Alskso] A 1070 AL B5F 2004 o]F A=
ARE 2APgHEoItt. o wet YA SEY A= it B4
200495 2024G7HAE A2 ST

53) X XIS o i SISEBER) Alste X QIFeet SIYEAETY KR (1997~
2024)E R0 LEIACH

54) SR SIEIBEN2024), pp. 238-239.

55) At Sl BB EH(1997~2024).
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(08 2-5) SHLABEYY RZAFEEE(BCOT)

BOO1

Ra: of MR SRS TH(2024), p. 239.

A
A1)

HI

2) 4

o9t

=E

(1) SER7|E SHrrE 7IE(+E2E7 KIS, WQI)

rejeg7]E,9 Aei7t slerd 71e2 AR/ A(WQD 1+
B V7HA 57) 530z FEEr} A]g}g 107H B0 AHE, =4 A7
(A 43)) WQI & 7149 32 157 8171(13%), 115+ 2437K
(40%), %55 11671(19%), V5 727H(12fy) V& R27N(16%E 15
ol 7F% Boka 2o I5F, Ved w0l
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amme|o| e A 02

BCO1
HCO1

N2 Y- siderdsH(2024), p. 238.

H2A 9= 470 F-9] 49, 153 6170(16%), 155 16671(42%),
53 12471(32%), N5& 127H(7(y) V5& RAG%E I53°] 7%
AL O E [I5+d, [57 «olith B2A Way &Z vlustd
S5Y HEO| 7MY =2 A2 SEFAN oS AHEY A HSEH

l:i 5'
s}

~lI5H0] B N~V5go] Fo] ARtz oz £do] ¥ £33 I

I~
> 99l

oo
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H 2-5) Alsts FHEE SHLIIK(SEE i)
WQIS& | BC0129 BC0130 BC0131 | BC0132  BCO0133 | BC0134 BC0135 | BCO136 BC0137 BC0138 &
| 7 13 15 1 3 9 8 8 8 9 81
Il 35 35 39 3 12 31 19 18 27 24 243
I 14 13 13 18 15 6 11 10 7 116
\Y 7 9 5 12 11 5 8 3 7 72
V 18 14 12 22 15 5 5 4 1 1 97
A 81 84 84 56 56 56 43 48 48 43 609
Rb2: A&, SHYUSIAS R K12 (2004~2024)E 24
H 2-6) AstS YEN F HH SEYIIXEEE )
WQI S5 BC0107 BC0108 BC0116 BCO117 A

| 10 12 16 23 61

Il 29 47 46 44 166

ll 52 40 16 16 124

\Y 13 9 6 1 29

V 8 4 12

A 112 112 84 84 392

KH2: KA EHA . SfQESIASMAt XH2(2004~2024)2 24
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A2l N ®E - 02

E 2-7) Matz A8 S+ HEIHRI(SEE i)

WQIS& 2004 2005 2006 ~ 2007 2008 2009 = 2010 = 2011 2012 2013 = 2014
| 3 3 1 3 3
[ 3 1 4 7 3 7 10 9 14 19
I 3 2 2 1 4 3 4 7 10
v 3 1 1 1 2 5 15 4
Vv 4 5 7 5 3 6 1 9 3 4 4
K 10 11 12 12 12 12 12 24 24 40 40

WQIS& | 2015 2016 2017 2018 2019 = 2020 = 2021 = 2022 2023 2024 = A
| 6 14 10 1 6 14 5 8 4 81
[ 9 14 14 28 1 21 20 23 14 22 243
I 3 8 8 7 1 4 12 6 9 12 116
v 7 2 5 4 8 1 6 5 2 72
Vv 15 2 3 14 1 2 5 4 97
A 40 40 40 40 40 40 40 40 40 40 609

ANz KA A, SHYREEEY X1=2(2004~2024) 5 24
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B22-8) Mats A WIS EE HIB)

WOl S&| 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
| 30% 0% 25% 0% 0% 8% 0% 0% 13% 0% 8%
Il 0% 27% 8% 33% 58% 25% 58% 42% 38% 35% 48%
Il 0% 27% 0% 17% 17% 8% 33% 13% 17% 18% 25%
\% 30% 0% 8% 8% 0% 8% 0% 8% 21% 38% 10%
Vv 40% 45% 58% 42% 25% 50% 8% 38% 13% 10% 10%
2%l 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

WQls&| 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 A
| 15% 35% 25% 3% 15% 35% 13% 0% 20% 10% 13%
Il 23% 35% 35% 70% 3% 53% 50% 58% 35% 55% 40%
Il 8% 20% 20% 18% 28% 10% 30% 15% 23% 30% 19%
\% 18% 5% 13% 10% 20% 0% 3% 15% 13% 5% 12%
\ 38% 5% 8% 0% 35% 3% 5% 13% 10% 0% 16%
= 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

|»§ X-Ix'- I}A‘I_ OH

SEESHY X1=2(2004~2024)E 24
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A2l N ®E - 02

H 2-9) Mats 107 YZe| gE Ha +2(COD, TN, TP)

=2 &5 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2E 7.49 4.16 2.57 2.89 3.71 4.07 3.51 4.21 2.96 2.55 2.55
cop WNES 3.45 3.18 1.41 2.26 2.78 2.40 2.88 2.96 2.53 2.17 2.25
™ HZ 137428 142063 919.76  612.01| 463.98 48573 | 52435 890.17 78819 781.75| 71476
X5 112568 | 1396.36 | 882.07 63497 521.19 47278 393.74| 730.27 759.73| 687.28| 673.28
P HE| 20311 75.08 91.80 97.06 69.41 74.45 51.10 52.86 58.73 55.62 60.34
XE | 207.21 91.01 94.00 86.45 79.27 77.55 43.39 49.50 59.08 50.27 56.13
WOl S8 2015 | 2016 2017 2018 2019 2020 2021 2022 2023 2024 A
2Z 2.2 1.86 1.77 2.37 3.04 2.59 2.18 3.18 2.59 2.65 2.77
cop NE 2.15 1.66 2.45 2.50 2.84 2.38 2.19 3.10 2.43 2.28 243
™ HZ 73055 62746  712.08 491.08 42834 470.67 | 509.64 616.15 58821 | 674.39 659.63
XME  655.70| 62210 654.00 46485 43855 45679 51531 48546| 549.06 566.78| 604.27
. HE 5857 67.75 76.04 66.52 59.54 51.45 57.57 59.41 61.49 66.94 65.80
NZ | 58.65 66.74 61.69 61.52 62.17 50.89 56.75 49.26 65.40 59.46 62.73

A= MAH A,

SHUBIASHY X12(2004~2024)E 2
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H 2-10) 2004~2024F A|3tS HEE

»x +Z(COD, TN, TP)

3 g= BC0129 BC0130 BCO131 | BCO132 BC0133  BC0134 BCO135 BC0136 BC0137 BCO138 | &4
BE 3.63 2.74 2.45 3.64 3.41 2.38 2.48 2.36 1.95 2.06 2.77

cop NES 2.77 2.21 2.02 3.43 3.20 2.09 2.51 2.21 1.95 1.87 2.43
HZ | 793.83 | 564.03 | 538.63 | 1259.46 = 914.09 | 511.37 | 557.563 50519 | 451.21 | 44506 | 659.63

" A& 67218 | 561.39 | 52513 | 1048.97  843.84 | 456.17 49486 @ 473.92 | 44958  472.09 | 604.27
BE 8275 58.37 5451 | 120.90 89.95 47.65 58.37 52.36 42.27 42.01 65.80

i XNZ& 6568 61.47 59.72 | 115.10 88.83 41.07 53.75 47.86 42.05 43.51 62.73

x

INT=MPNIN SO

SHAEASHY X1=2(2004~2024)

= =

= T
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A2l N ®E - 02

(H 2-11) 2004~2024 A|3t5 &F-olR(UZXH 25 FH ZE) ™Y +Z(COD, TN, TP)
Hi 222X e = BCO132 ~ BCO133  BCO129  BCO137  BCO131  BCO117 | &M
cop % 3.64 3.41 3.63 1.95 2.45 1.48 2.73
IAES 1.95 2.02 1.56 2.42
BS 451.21 538.63 476.06 716.73
™ HE 44958 525.13 449.09 645.13
HE 42.27 54.51 41.94 70.12
" HE 42.05 59.72 42.60 66.88
3 g BCO130 = BCO138 = BCO116 = BHAH(H)
cop % 2.74 2.06 1.62 2.76
pE 2.21 1.87 1.69 2.45
BS 564.03 445.06 528.22 727.37
™ HE 561.39 472.09 481.30 651.75
BE 58.37 42.01 45.68 70.88
¥ = 61.47 4351 45.62 67.50

SHAZHY X12(2004~2024)2 24
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(2) COD, TN, TP

Asts W 1070 B9 488 COD, FHAA(TN), FA(TP)S T4
2 AwHEoth %W CODE 2004WHE 20249714 2149 B<t
20174, 20184, 202192 A stale ASo| BESEH $2 85 U
ERIct 20049 EF COD7} 7.49 mg/Loll @ou 20064 2.57 ng
/L& 71551 o] A=, FdAa } 7FsE o]2el 20124
O|FZE 1.77~3.18 mg/L $FOE FH AYF EF COD £&& Y

TNS] 7% 20074, 20084, 2019¢, 20219 A5l A&o] HZ
Hop £2 £4& Yot CODEE vEZIA R 2004 1374.28 mg/L
olgls S w2 EF TN FAE 7ISsIIoy o|F A} 7fAlEo]

20124 o] 2E 428.34~788.19 mg/L $FS UER Qch

ﬂll

TPY] Bfol= A=EE HH A5o] #FHT 8o 39 sf7F 13
3], #F 4Eo] o EUd 7t 88t} 2004~20241 717t &< COD,
TP} GARE A3RS Hol:=d], 20049 #Z 203.11 mg/L, A< 207.21
ng/Lolghs 2 X8 7|&% o] Fa /HAEY e, 20129 ol F &
< 7102 AW 51.45~76.04 mg/L 5= YERHIL T

ZAFEER B 7P AR 91AI8 BC0132 A#o] COD, TN, TP
2= —%-1 z{z‘s&. ol 5—]._]_ 7]-x]— o k2 HoJ q. 7].;(]- oFs 5-]. Ax]

S Uehje WL BCO1377} BOO138SlE, S REudsst 7%
7Phe 2ol 9138h Qs Agolm HAte] Aol T A s 7
7ol $IX3 A7) W] 5 S5 FFe AhHOR Hol W
Ao Holtt,
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S|l Jignt HA 02

- 55 99 AP A 29 924 43 B FA AL
REE R S U LR 2120 Sl A2
RO A% B0z M Told 247t 6} Ao Aol A
ArigEA 9% A4 7 14 Z9),

NP
T~
I ORS
o\l‘lo
N
N
o
nZ:

Aol 4 H2A 9= BC01174% %€ BC0131, BCO137,
BC0129, BCO0133, 1= upAgte= 7RF ARl 77to] {A%
BCO132 AACRE oloAs A& d&Hoz AMET ARY
BC0132 o] BE AHOA 7P Y 4 HolFglon fi&o

2 olF=2 7FaA £do] oS ERIT 4= Ut BC0137 B2 7
2 HEE Qhof| fIA|g BCO131 B ET HE FEAA o 2 38 5
o]xL =T, oli= BCO131 o] 7Fg s=do] Yitd 2004958 A=
S HRotal Sl dl §hefl BC0137 B39 & =4 AXE2 20134

d

=
of AAd=]o] Bl do] FokE 2T SR Zefsial 7] WEdd
AR ST = SlTh.

A2efgHEe] Aol HRA 95 BCO116%AFE BCO138,

BCO0130, BCO129, BC0133, 171 mpA|te = 71 Aol 717te] §1A]

gt BC0132 FHORE oJojx|&= A& AWEIT 7 & 37 FH2 Al

HlhES SH0E 2 AAol= 5YsH xete=d], 472 BC0132

W%ﬂ TR E e X304 7P Y $24& BolFglon i
OF SIRE 7tAA E0] FolE I 4= USiTh

h

s ﬂll

ojlggt Axt= Algte 2 ZiAe] FH aclo] 27) iR BTt 5

+ F5UE IS Tk i 459 A3 TAN AT U 7
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| okeA2Y 5,500 5,500 5,500 5,500
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(B 3-2) MEIZRUNE Y BU) D203

7= T71(2021~2023H) F271(20243~)

* QORI HIEHOYY U, J1ERk Balf | © ©7| +T2IY0H K £
Mo * LID 7] X510 sulH i eiza|
*IEREBBAAM Xis &5 st
o | QEPHRIS HUZAL OHY * AR ol B2 T
ST e M= 2 MERSK| X4 Al Al * DI M4X| 5 0/85101 4513 2 XIF 51
© AR SO 5 BA BOpH Mo Hme] | 7E R
7|8t 25 * ZAPY O B2iZe Che Of
* 7Q $77|2A1 B4 TOC Xz 9ottt |+ TOC S2HIE =9 ZE
© B-22(25)/2, Z0R
© AR A7 301 L TCHBIBEY et
© BUCHY M3 U U &7 * LISHR| e @@ielo] SLf Y Ric of
- X =X|
* 49 N BU| 9 127 47 X XY Slaagt s w0t of2
® 35 k=13 N =
sy -HEusEUE g
3 THENLX| L) QS ) 243
 NOILRAIE AAPE) OfF Qo Ap | T 1S H RE BE B2
Rz} 0t 0fistn, BECEMEItojgy Zioz | © S WHIRS A HHAS s
o ° X2 2
* 7 9 OHYBAF 242 23t

QAT USHA 715
(2021), pp. 269-271 LIRS XXt T2

T
0%

A= M2tE7H

U

(2) MRF2QY! TIBEAI(21~'30) 2EIHHCNE EH|CH24(21~ 23)

TARRAIRI, A20xo] weh AEAIACe] B o9 - ket
1 9JelE ol 84S AAelA el - s Sstol BARAN
o ARERS A3TA(21~30) SIS A% FolTh6N A3
SA(21~'30) FAAAGHL % 447 A, 1447) ARARIOR o]o]
A glon], FAIUIE 16,8759 Ho| EAHCEE)

67) RpMIEH AR "MERY MSHA(21~'30) +ENMR(EER, 2021) FHZE
68) £+45(2021), pp. 3-4.
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A 144 | 45 | 80 | 19 16875 4247 12092 | 536
&5 123 | 44 | 70 9 16407 419 12,090 121
7 S 17 - 10 7 88 - 2 86
off 2 1 - 1 51 51 - -
N2dsA 2 - - 2 329 - - | 329
T & 77 | 28 | 49 - 1979 2942 | 9036 | -
HEQEA #2| 25 12 8 5 132 652 560 | 110
o4 tEEE e 16 @ 3 10 | 3 | 269% 601 208 12
SIMRAIES #H2| | 4 1 3 - 410 - 410 -
SRQAHZBI AR | 1 - - 1 - - - -
L, | EAEEEA 7 - 2 5 88 - 2
L7 e 10 @ - 8 2 - - - -
oH e oHEE= 2 1 -1 /85 5 - -
CRE EEEEAEE 5, - -2 me - -

= #42(2021), p. 5.

14471 MRAILYL @719 S4712 FEsto] 318t ©7](121~'23)
AZ 457 AIRARICER 4470, SIS 17H)°ﬂ 4,2479 ¥&, 337
(124~'30) AFA2Z 8071 AIFARACER 7070, =4 1070)°l 12,0929 ¥
<, ASAILZ 197 ABARACER 9N, 34 70, i 1, A7 2 S
4 270)0 5369 Yo= A= o] o, 20237 F 46%(7,727<
D2 FARL Aot 715%= 384 SEAANRY FolA B7(21~'23)
At BI7ISIITHEE R, 2025). & 71719 AIFANES & 126712 AE
g B2t 7,7299) 949] 58.3%%1 4,5032] o] HHF= QIct.69

S 44789 2] dF FollA 207 A2 4 F, U didS &=, 4

69) 82(2025), p. 192.
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e = ST =otd /I |1F )
== BOD(mg/L) = TOC(mg/L) | Z2l(mg/L)
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o | Y (7t E£T) 3 0lst 4 Olot 0.1 0|5t
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70) BHAE1IA| H2018-65(2018.1.18.) AT HE SHAH2IX|H XY 1A| Fx.

71) BT, F10|2, CHOL, CHOIRGHR, DIALER, UIEZ0LR, A7, AN, AN, MEMAS, ME
XMEl2, M=MEEM, BN
72) IEMME THMGIR, STIZAT, STIA0HR, AEIQIAR, AT, M, HEH
73) 2O MPISYZEAH|, FAHN
74) AL A H|2025-1655( 2025.10.1.) SHAL S84 SHI|F
75) TEEEEY , M10X2A35 2 22 AT A M52 A4S0 M2 SFERTIA| 2025165
$,2025.10. 1) 284 2807 |&E Wt 78 &=

76) "SEEMY | MOX2A18 AE
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NEZE - Y, 8, UsEY, g2y, 2
SREY | YSUY YYY, YSYsITY, +9Z
SR | 715, SEAEE, s
SoiER - YW, YN, MY, HIEH, B3I, 5(0f
e - 2O 2UUEIE, PRGN, ISH
CHA c XY, BEH, HHENT, Y
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Y NEZslE - MRImY, FYY, BHY MRIAGIE
7 apqe | ° ST, %, ARIZAHE, S48, O, 40
=TT OdeAl, EHalE
X2 QEBIEHH|AE ME HUQAEALTA| H2024-1685(2024.8.22.)) &2
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(L8R8 00/ Go/) /) (o) e/ O/
| X9 | 50|5} | 150[6F | 100|5k = 200[5F = 0.20[5F | 1,000%
500m* XY | 50|56t | 1503t 100|st 200[5t = 0.30]at
O | WX|® 1003 250[5t = 100[5} = 20015t = 0505}
IVX|9 | 100[at| 250fst | 100fst = 200[st =~ 20[et | 3,000
500m* O[2t50nm° Okt | 100|156k 250(GH | 100[5+ | 200fst | 2 O[5t
50m® Ot 100[5}  250[5F | 100[5F | 400[6F | 4 O[5t
* SBHAH2IAILL | X0 5t WRA427|FL SHEZ R4 3,000 0[5t

A= Sl ) A2 HH1 2 TEREE

79) 2024\
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ol Z&E A
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T TITT

[0l dE FIHE ZE(

e, Al

AR 1A ®2024-168%)
(RIS, MEESH, H==al, Mt MRS ERX=

HX| 0|F RASISZHHIA =L YT X2l (&ES, 2015H)

74

ra



M2 g g 2| o 03

o
for
%
1]

LL. MEt2R0! SJotX2IAlM (500m/Y OY) MX| 2% #E

Aeha A 7 sX173R9 o s WReke 500 /Y ol R
9] TZEA AL F 227101tk 2270 AJHoA FE AT 5
£ AJEELE 683,900 /Y FxolY, FY srFHS 611,217.0m/
A, W S99 579,879.2 m'/Q oW, 2270 F 2170 A2 72
S A A=A Poto] HHRSithsD

(& 3-8) MEIZS XIZ SHH0l WRots BBoHHAIL(E00m 01) 38

- =° Y AME8Y RURY  URRT  (BOD) T=E

HE =™ | 403,000 | 366,644.7 350,640.4 Il
XEH 16,500 | 14,331.5 | 13,647.8 I

CHOE orEz 1,900 | 1,493.3 | 1,400.4 i
2N nkske) 1,600 | 1,115.3 | 1,044.2 i
TAA] A= = 950 891.2 831.8 Il
| OlAES 550 317.8 294.8 Il
Ells) HEa2 550 385.0 359.7 Il
ot SMIZM | 100,000  91,143.3 | 85,5645.3 Il
QA AMER =l 30,000 @ 25,638.7 @ 24,778.9 Il

-

=0t QAR 1,00 = 1,183.0 1,127.8 Il
x| Ha MSHM | 58,600 56,009.7 52,150.7 [
c= AlEfQI =X 2600 @ 2,0847 @ 1,934.4 [

ZH| ATH 26,000 21,736.7 20,558.5 [
211 = A 1,800 960.8 879.8 [
- oA A 1,000 603.4 552.1 Il

= =7 700 629.7 576.2 I

A orZzt | 32,000 | 22,102.3  19,836.8 i
o | 7Ol AL 1,700  1,153.0 @ 1,064.8 i
=T A A 1,400 1,278.1 1,181.4 Il

AQF AQFH 800 801.9 747 1 i
Hopa HHAb 12 600 392.7 333.9 [
T | =X 550 420.2 392.4 [
A 2274 - 683,900 611,217.0 579,879.2 - -

A& SSHOERE SH0]X|(2026'F 123 2A). 2024 S35kex2Ald Sig

81) 2+ Y| SSokrR2AER2 Y25 X2|2 1=X2| BIZ0] 212 50%Y
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AeE R F 227 AL 55}
A

(H 3-9) M2tz R SA7|ZAH(GE00m 014)2 LESH HiE 5482

HiE S= U2 251
= (mg/L) LU} (kg/) HESHE/H)
BOD TOC T-N T-P BOD TOC T-N T-P BOD TOC T-N T-P
HMxAl B2 150 700 74 006 - - - -
@My - - - - 2732 112750 13189 114 | 997 | 4654 | 4814 | 416
2MA B2 124 458 535 005
67H) | 218 | 807 942 08 80 | 204 344 | 030
oAl | B 150 | 480 | 797 | 006
3 | A 567 | 1783 2961 22 | 203 651 1081 | 081
oA B 13 50 704 004
@) | A 365 | 1506 1903 | 12 | 133 | 582 | 694 | 042
ZEA B 143 463 515 004
@) | A 800 | 261 290 | 02 29 | 95 | 106 007
ox7 | BZ 158 | 368 456 005
@) | A 900 | 210 260 | 03 | 33 | 77 | 95 | O
sop | BZ 145 | 440 641 006
@) | A 053 | 16 23 | 002 02 058 09 | 001
B3 14 500 625 005
4 A 40473 1174230 196680 16.12 | 147.70 63588 71430 588

Nz SSHOEZE SHOIX|(2026E 123Y AHM) [HEe]

82) X2 20243 SEot-AMe AL SHE(E=EEESH, 2025)
(https://www.data.go.kr/data/3073222/fileData.do, 2026 123 ZAH)
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= o I
eIy =5

== =
st 99 BOD(mg/L)  T-P(mg/L) it
THEA 1.6 0.081
ft4EB 3.9 0.137
iEy | EE 44 0144
HEA 4.5 0.142
OCH . - S-S E (@)
STIA 2.3 0.122
PSi=) 3.0 0.129
SHY g 3.5 0.139
HEA 3.3 0.125
Sxpe § — Se=(E i)

Rtz MEAYFHE(2023), p. 293 AF2

FAT/YE Y9 BRE LATIE Y BSE o fAolsk
6.5 ~ 8.5), TWF#F(1,000 /100 mL), BuFE+(0.01 mL ©]
o}) =] A5t 7S Aok, 7|9 sierdaEE Aol 5 AY
< 11 53EE Aot TSt Al A% Ko g fs] & 1974

FEo| digt 8 V&S A8 FoIh8)

H 3-11) YEH7 |8t SR 7|1F

o0 £AmIL X|£=Zf(Water Quality Index)
JUSESS)) 23 OJot
1ES 24 ~ 33
Es 34 ~ 46
WEE 47 ~ 59
V(O L) 60 Ol

A= siYAE A ®2018-105(2018. 1. 23)) A&z

87) oA IA K2018-105(2018. 1. 23) &=E
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3L A A8l Mol All1ZRe] UE 7|&E vleskal QJc).s8)
TS o] S HEE Ao 8l Terits FEEEE, Al 61 ¥
08z wet PAGARE AlE P BT 5 =T ofde 4
2 EAZo] tigt Hk 7]%2 nhelsiqint.89) ofof wet Ajdka s QI
offor AHH A FH FAY oY 4 HL HFHE7IE
ARl HAHT 7|E & FAlsoF st o] EXE e S
71% FAE7IEEFY 2 37 S FAE & AE FHsioF ot
4 AF Sotolle AFshke 52 59 58 9435 dEske AxE
20179 Z=R4sto] A|3 Foltho0) gorstd Avha o o2 Tafifehd
HAW 1 Toreg e ol W Lt e, Tojg e R ol wE
74 9 HAE #Eet o] Aok, Tepits FETEE o UE
FA SR B pAbE AlFE Sotl mE Al HE 52 AlA
Aol #efE W Ut

(B 3-12) +AIM2 MA| OfRBI77|E
OH ot Y sHx| Ex2?
so ssoen BEUAY 8E97E4 gEeUlel Eevma RS
(mg/L) (mg/L) (mg/L) | (mg/g—dry) (n0/g-dry)
71E | 7.8~8.2 3.00[4 | 0.140/5t | 0.04 O|at 20 O[at 0.5 0|t

1) B2 A Watah A8/ 2) X EIMER 2, 82 Wrat AFg / 3) 8&MAE GIEH s HIHCE
£Ef 2m OJLi2| 59| &3t AL
A2 JABIAT7 |20 25 DA (GHYAAMETA| M[2017-1095) A&

88) O1&2HY 7 |Z0)| &5t TA|(GHY=AR IA| H2017-1098) EH 1 &X

89) YAMHH sAE 59 RAMEE Q7 IEMSYUZAMMNIA| M2025-45) FE

90) sAUSIREA=ZE UM T (Positive list system): L=(2006.5), Eu(2008.11), LHEK2008.10),
0|=(zerotolerance 1960ECH) 2| 2 £
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20009158 20229714 WERA A4, 98 IR, wegE &8 i
2] HAS st F o/ FroE FEIP] £F HIlE 245

o}.91)

u g
&= 0|%(~2006.05)
5(2006.05~2009.12)
UE2Y(2010.01~2014.12)
LE2AH(2015.01~2019.06)
UE2%3(2019.07~2020.12)
5 F7| YE2Y(2021.01~2022.12)
712K2000.01~&4)

40 -3

\J

| P-1 |- 2 ) P-3 Lo pra l..2.]8]
. | : | | | B
PR T - e S S T s o e S L ; L TR S E RS R S ;
1990 2000 2010 2020
OB AIHY (Bh)

MOTE R BRI (R

91) P-1 7|2k SO|ZAF &2 0[F(2000% 1220061 5%), P-2 7[2k X2 34 S5(20064 5
2~2000 128), P-3 7|7k 052 37| 22 2220104 12~20144 128), P-4 7|7k 12 37|
242 2920154 1220194 6%), P-5 7[7k: 4Y Z7| 22 22201941 72~20204 122),

P-6 7|7t CtAl 0.5% 7| 22 2420213 1€~2022\ 122)
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P-1 7|7t < 13.7CAA P-6 7|7t 13.4TE AL] WS} gi9lo
= 9A] P-1 7%k 31.0psucllA P-6 7|7t 31.1psuz F4 i —T—Z‘—g
FAH. pHE ZE 7|7kA Bt 8.1~8.2% QPdZ0|Y, & AE
P-1 717 8.8mg/LolA A} F7Fste] P-6 717kl 9.7mg/LE °F 10%
S7Hitt.

COD+= P-1 717t B+t 1.5mg/LolA] A&Hog F7kste] P-5 717t
£ 2.1mg/LE IS 7153 P-6 7|7ol= 1.9mg/LE &% AT
A4t o3 43] P-1 7IZFELE OF 27% 2 52 AL EEh-e: T

3% 571 FA1E Bk P-1 717 B 2.8ug/LollA P-2 717F 3.0

ug/L2 F7Fst7] Al&sto], P-3 717tell= 5.0ug/LE <F 80% F53itt. ©]
S P-4 717 4.1ug/L, P-5 717k 5.8ug/LE AA P-6 7IZtl= 4.1ug/LE2
AAPANE, oJAS] P-1 7|17 oF 46% w2 FFol).

on&

THEE(SPME BEA &% § A Z2Fch p-1 Ik 3
26.7mg/LollA P-2 717k 16.3mg/L= 7H4s}t7] Al&ksto], P-3 7171
9. ng/L_E’c °F 66% H43 E} ol WEA ¥Her U 24 {59
-O o

o oY r &4

FFAT= TR A FAE Btk $HAE= P-1 VIR B4
533.3ug/LolA A&EHCE Faste] P-6 7IZtole 237.3ug/L=E °F
55% APk 1= P-1 717 1,806ug/LoA P-6 717t 420ug/LE
A FAYP FA= FARE B3RS Hol P-1 71{ Bt 66.2ug/1o]
A P-4 7130l 27.9ug/L2 F 58% AT P-6 7IZtolE 30.9ug

S7FAATE 45| P-1 7|7ke] Ayt 016‘ Fol k. WERA
43 & Q5 FHoA JFAFE A AL AL WSO 2HE Q)
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Ngs 3 S8 9 #2l oz 03

o, pHE P-1 77kl 7.9914 P-4 7|7t 8.6 F7tste] dZe|w
7} oA ot &&FAt4E P-1 717F 9.1mg/LolA P-4 7|7t
10.7mg/LZ Z7Fich7t P-6 717t 9.2mg/LE THA] Zraste] 2 #shk=
At FREde oF a3 fARHA 2A A4 P-1 713 Bt
50.4mg/LollA P-2 717t 17.1mg/L& °F 66% H#AFIL, P-6 7|7Hol=
15.2mg/LZ °F 70% Ax 74 Aoz BFriEd

COD+= H2A &5 ¥ F453] 37k P-1 712t Bt 2.5mg/LojA]
P-2 717t 4.7mg/L= °F 88% 713, P-3 7%k 6.0mg/L, P-4 7|3t
7.8mg/L& A&HH oz F75] P-5 7|3l 8.2mg/L2 FHIAZZ 7|
St ol P-1 7IE oM < 228% SRt oz 34 BAVIE UR
S=(V 530l sigsts, kA Hls) UF o] - Qo] AZet A
o7 Yehdrt,

FFLF= 5 99 g9 A I/ SHAE P-1 7|7 %
517.4ug/LolA P-2 717k 1,096ug/LZ F 112% S7F41L, P-5 713k
1,754ug/L2 13k 712319 P-1 717 div] F 239% Z71510]
A7IE v U 52V 5l gt FU P-1 7|zt
108.2ug/LollA P-2 717t YAIA O 2 63.9ug/LE AAFTHE P-3 7]
82.4ug/L, P-5 717t 96.3ug/LZ F7Vsto] P-1 7133 RARE =525
A3t

0|2} M AZA-e= P-1 717 Bt 9.4ug/LollA P-2 717k 12.64g/L
2 Z7Fe] AlFste, P-3 717k 23.6ug/L, P-4 717k 27.1ug/LZ 353
1, P-5 77l 26.5ug/LE H 1S 71=3ck. o]= P-1 7|7t tjy] <k
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3.

BN

o] °F 12% #A4(35.0—30.9ug/L)

=

[e]

|

=0
j

[¢]

~a7} OF 29% 7HA(5.8—4.1ug/L),

} AFzo A

o

4% 19 28(P-5 717 di¥] 1 23] 2-8(P-6 7]
7} F 5% 344x(250.3—237.3ug/1),

P-5 717+ 8.29]

=
| .

oF 10% ZA(2.1—1.9mg/L)RAct. pH

A=
|

oL} COD

QAP or LRAALE 9 2mg/Lo

A 9.7mg/LZ2 A&F 371t #9242 14.5mg/LollA 13.3mg/L=

T
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Ahbd o 2 it -8 37Vt S 9 $Ao| vA= G AlsH
Qith. WH3lEFo] tiHE 10~30% HYE FX| %]
FS HYou I EL ulu|gt $Folit}

i SoiME 49 13 8(P-5 717D o] 1Y 23] 28&(P-6 7|
hog HARS o 2ol +d A#oA 7H/ﬂ FI7F e Al
TR EEEEAAE A= B4 Ay, CODE oF 24% TA8.2—
6.2mg/L), YEL-a= F 5% TA(26.5—25. 5ug/L) FrEde 9
39% TAa(24.9—15.2mg/L), F8AE F 26% #A(1,754—1,29%4ug
/D), AL °F 31% 74(96.3—66.44g/L)&tk. pHE= P-5 7|7t 8.59]
A P-6 7|7k 8308 AE Frasta] QHISEE AT HloH, 8&
A4 9.8mg/LolA 9.2mg/LE £ W3} Qlo] {XEUth FrS
10.2psucllA 19.9psu oF 95% S7ksto] a5 A4 571 2Pt 3
SHAl YEFTY.

W SedolA] thEE] S8 A HI} HHE AL R &8 34 27t
2 Qg avpt A AR AT 5 Ak B 28 IR A5 §
Aol S7kstAAl B4 Aakrh dehgal, g5 Mol S7shEA W
of e JFol Y MEEE vt ek £ o 0 F
7t2 AFAIZo] 9EEY AEEFIE F4] V]3] A FolE Aoz &
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H 3-13) MoZHEH SU0|SA -5 I UE 2SS0 M2 MEF
9% 4% B2 BHEIULASEY KB B]

g= | 2 P P2  P3 P4 P5 | P6 | P-AL
E 25 2.9 18 0.7 5.9 3.0 0.7

?Cg) #1275 | 273 | 288 | 297 | 284 | 275 | 297
m2 | 137 156 | 146 | 146 | 177 | 134 | 147

¥ 273 | 290 @ 247 | 298 = 218 300 @ 218

(gﬁs‘% 2D 322 | 325 | 323 323 319 317 | 325
Z? | 310 312 308 313 | 301 311 | 310

A 7.0 7.7 7.8 8.0 8.0 7.7 7.0

pH A1 9.1 8.4 8.4 8.4 8.5 8.5 9.1
R 8.2 8.1 8.2 8.2 8.2 8.1 8.2

= 5.1 6.4 45 6.0 5.6 5.2 4.5

(mg_?_D A1 132 | 117 | 147 | 129 | 123 | 126 | 147
7 8.8 9.0 9.1 9.2 9.2 9.7 9.1

D 0.0 0.1 0.2 0.1 1.0 07 | 002

(Egh_'lj) %0 260 124 | 208 | 238 | 192 156 | 26.0
o7 2.8 3.0 5.0 4.1 5.8 4.1 4.0

A 0.3 0.3 0.1 0.7 1.1 0.7 0.1

(msg?:\ﬂ1) ] 35 3.9 35 3.0 46 3.1 46
o7 15 15 1.7 18 2.1 19 17

A 18 18 0.9 2.6 2.3 6.2 0.9
(ngQED D 1465 412 | 316 | 384 | 683 | 440 | 1465
Mz | 267 163 | 92 11 145 | 133 | 158

X 1598 @ 380 = 788 @ 842 | 1535 1544 380
(ol | HL 1806 1243 | 674 1002 | 399 | 420 | 1806
mR | 5333 4345 2974 | 2741 | 2503 2373 | 346.3

HH 190 | 47 124 | 91 160 | 14.1 47
(Ug_‘lf’w D 3220 1450 @ 914 | 80 | 617 | 575 | 3220
H2 | 662 500 303 279 350 309 398
= (D P-1: STH0|ZAF 242 0]7(2000.01~2006.05)
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5(2024), p. 156.

P
P-2: XtR ofix %’—%(2006 05~2009.12)
P-3: 0.59 7| Z422Y(2010.01~2014.12)
P

P

P

1Y 7| YER3(2015.01~2019.06)
-5 4 7| YE29(2019.07~2020.12)
-6 0.5¢ F7| ZE2Y(2021.01~2022.12), P-ALL: & 7|7K2000.01~2022.12)
A= ottt



(O™ 3-5) M

P-6 ALL

P2 P-3 P4 PS5

-1

P-5 P-6 ALL

P2 P-3 P4

P-1

P-5 P-6 ALL

P2 P-3 P4

P-1

(TAWINS

(TAWaod

(0,)2amperadw g,

P-1 P2 P-3 P4 P-5 P-6 ALL

P-6 ALL

P-3 P-4 P-5

P-1 P2

P-5 P-6 ALL

P2 P-3 P4

P-1

20004

(TA7N-L

200

P-5 P-6 ALL

(1BMD-14)

P-3 P4 P-5 P-6 ALL

P-2

-1

P-1 P2 P-3 P4 P-5 P-6 ALL

P2 P3 P4

(2024), p. 160.
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H 3-14) MOFUEN SUOISA M- U UE 2UA0| ME MEF WS
SE HW 2HMPERY STEENAY X7 &8)
o= £ p1 P2 P3 P4 P5 P-6 P-ALL
o | H 05 | 15 | 03 | o1 37 2 0.1
G | #1293 200 312 | 329 315 204 | 329
m3 | 144 | 151 | 155 | 162 | 171 157 | 153
. B4 M7 68 01 | 07 | 02 10 o1
ooy | B2 35 340 33 38 272 305 | 340
m3 | 286 275 211 190 102 199 | 236
24 69 72 | 65 | 77 | 75 78 | 65
oH | #m | 89 96 93 | 99 | 95 91 | 99
m3 79 82 83 86 85 83 | 82
HM 46 | 15 | 41 23 | 41 | 31 15
PO " sm 165 | 195 | 189 19 | 210 | 146 | 210
(mg-1-1)
m3 91 98 94 107 98 92 | 96
#4001 02 12 | 19 | 37 | 14 | 01
(E;l;?) HD | 853 | 869 | 1603 | 2039 1442 | 1321 | 2039
m3 | 94 | 126 236 271 | 265 253 | 1822
#¥ 18 | 10 | 14 | 36 69 | 54 | 10
(msg?:\f” B | 2980 1665 756 | 87.3 | 572 | 389 | 2980
3 | 504 | 171 204 | 221 | 249 152 | 306
#¥ 02 08 18 | 18 | 31 21 | 02
(mcgc-)lz) A0 76 | 1.6 199 224 | 236 | 158 | 236
m3 25 47 60 78 82 62 | 50
N 3 M9 | 177 72| 420 | 385 3
(u;’:) A0 | 5212 | 5989 5301 3767 5561 | 4366 | 5989
3 | 5174 1096 1,367 1225 1754 1294 | 1,106
S 2 14 18 20 38 12 2
(u;-_li) D 1710 306 | 405 | 1585 | 256 | 149 | 1,710
3 | 1082 639 824 696 963 664 | 825
% @ P-1: S90}ZA} 212 O1F(2000.01~2006.05)
@ P-2: X1Q o4 5(2006.05-2009.12)
@ P-3 0.5Y 57| ZH2L%(2010.01~2014.12)
@ P-4 12 77| 2229(2015.01~2019.06)
® P-5: 42 %7| 222%(2019.07-2020.12)
© P-6: 0,52 %7| Z22(2021.01-2022.12), P-ALL:  712H2000.01~2022.12)

[¢]

Ahz: oiQtHR(2024), p. 157.
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X2 SHQIAA(2024), p. 161.
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7). §50f 0 $4 Bxe B4R AR HR1 54 V|ES
28ate] At 5PEA % £AGA] 2ol FEH R AEHE T
& MRS ARRT 71ES (E 4-2)9 Lt

(B 4-2) 32 N AZHES J|E

&= 7|&E2k(ng/L)

IEE(Cd) 0.005 0|5t
H|2(As) 0.05 0|5}
AIRHCN) BEEOAE= o HEESA 0.01)
+2(Hg) HELNHME Ot E(HES7 0.001)
e BEL A= 2t E(BESH 0.0005)
Z2/222|4|0/E|=H|T'Z(PCB) AEC|0{A = o E(ZAESEH 0.0005)
=(Pb) 0.05 0[5}
67t A=(Cr6+) 0.05 0[5}
20|12 AH2HI(ABS) 0.5 0[5t
AtESEA 0.004 OJot
1,2-L22=20||E 0.03 OJat
HEIZ220|22I(PCE) 0.04 0|5}
CZz20E 0.02 0[5}
il 0.01 oJ5t
gzzns 0.08 0[}
Lo 2 & IS 0| E(DEHP) 0.008 0|t
OtE|R 0.02 o[t
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TEUH5|I= 0.5 0|5t
ENEEEL 0.00004 0|5}
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7h 7)ol el A9 SR71%e] ke A AESIIE A

= & B=SAtA 27 BOD), 7 1HAHTOC)
2 SAUT-P) F=)2 2= &2 178 As52A 3Pl wt sl
BEeg7IE 17152 A=stehaAta a7 (BOD)T i01(T—P)2§
She SHZITRHTOO)T FUT-P) 2= d7gdfjof k. matA &
AEAY, 2 B 0 oE B Rl AveEe F 71%5\_’%
(TOO)T} &RN(T-P) FEOo 8 BHE HAsl1 F7pik= Ho] ozt Y&
SHPA A QT FHBOD)I SAUT-P) F=208 FipdS 4780 87t
whotof ghtt. Atete] AFES 7|E A4 177 FERto] obet 207] F&
A S35 AAoloF et
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(2) Cryet g S5 29| ¢

CATEAE R ol e A RRE YR 7E9 4
7+ TOC 6.0 mg/L 016}9} %21 0.10 mg/
TOC 5.0 mg/L ols}, Z<1 0.05 mg/L °lst= ZFzF 473
3-2) Fx). "EFEA o wet wER Sd o 48"
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71%&2 5 530 55, BOD 5 mg/L o|3t, TOC 5 mg/L olat, &<l
0.1 mg/L olsh' oz, 537 $AHS ER7|E2 "Rt F5 55l 5
&, BOD 3 mg/L °]s}, TOC 4 mg/L °]a}, 32! 0.1 mg/L °lsh= 2=zt
AAEo] At Mvhes Y92 "o FF Sd(la 5, BOD 1 mg/L
olal, TOC 2 mg/L °Js}, <2 0.01 mg/L olsh'Z AAEo] JTH(IHE
3-5) A2). FAFAR 0l wet F45 AdTA L FFFEE ] T
B SFRH2 SE,22 BOD 3.9 mg/Let 511 0.137 mg/LZ, &
A FHFHTG9] Ex,E2 BOD 2.3 mg/Le 591 0.0.122 mg/LZ
¥z} A= o] Sl

AhE S Q1] ot aTE] FA] B3 24 o RE AESH] 9
8l 20249 4 A=} 20079 8 ARE (E 4-HI (E 4-5)° e
SHITE) Aetg s FRHoA 70 Sl 2] v A2 Zx

W waeka gtk

(B 4-4) B 2 STZ AR 7 $5(20241)

(mg/L)
_ BPBIEAA | _
o EEAY AE gzuMa  VoonT | sEa Z0l
2024 = 10.6 5.9 3.2 0.06
2024 E 10.5 8.2 2.6 0.11
2024 OB’ =) 11.2 8.0 4.2 0.10
2024 72 12.3 5.8 43 0.07
2024 L 11.2 6.9 36 0.08
2024 = 10.2 6.1 2.9 0.09
2024 E 6.9 8.3 2.5 0.14
2024 = STA s 10.2 6.3 2.7 0.09
2024 g 12.7 6.0 4.2 0.10
2024 L 10.1 6.6 3.1 0.10

00) "EEHABMY | AT A! K25 L BAB TA| H2025-1653(28HE SHI|&E LIt 1E), oflUstHE
MU A8, SEONEHRLIHXIR et MPES QI K| +2 188 SU=HY, 512
BEHY, OfESEEA 2 R SEEFH AR SOM KRS YT

pon
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bal

MEEEE 2Zma| 30 U th2dtor 04

%
I
I

- SeMNARA - _
A | AT A SEMA Qe ErSES =0
2024 = 9.3 7.1 1.0 0.04
2024 | MPtE= g 6.3 6.3 1.6 0.16
2024 | (=¢gX =2 6.2 5.7 1.1 0.11
2024 AZH” g 11.3 6.3 1.0 0.03
2024 Ty 8.3 6.4 1.2 0.09
2024 = 9.1 6.5 0.5 0.02
2024 | MEPtEs s 5.6 5.6 1.0 0.08
2024 | (AKX 2 6.7 5.1 0.6 0.06
2024 | FH™ g 10.9 5.3 0.6 0.02
2024 Yo 8.1 5.6 0.7 0.04
2024 = 10.2 2.2 0.3 0.04
2024 Morzs 04% 9.6 2.5 0.2 0.03
2024 o = 8.1 2.7 0.2 0.03
2024 A2 7.7 1.1 0.3 0.04
2024 =Ty 8.9 2.1 0.2 0.03
‘SSAHEA| A (https://water.nier.go.kr/web) ZREHY & Y 47| VAL(HHY : oA

B), SL(HEYE : STIA) 2E =& &8
T MOES S E5tsHRE|A A https://www.eariul.go.knOIA MZIEE L8 HE(ML3, DL2) Xt
T NIE RS E5EIH R A= https://www.eariul.go. kNN MRS LS ME(MES, DE2) At
THYSAZSHY MR F 5T SHH0A 22D Q1FSH HH(BC0415, 0416, 0418, 0419, 0421)
ol BX A XIZ2E ER3H(https://www.meis.go.kr)

U T o S NEE AHER Yrolo] 2838 138 ~ 58, 015 : 68 ~8Y, 781 9 ~
19~ 2% 128)
= = =

A Yt §E4A 11.2 mg/L, COD 6.9 mg/L, 44 3.6 mg/L,
of A% =17|ER] 1l 53(HS, 21 0.1 mg/L °olsh= T&3teh E
o

o] HHEFER F2 0.137 mg/L GA| B4t drk HH 5317 A+
A% z

AA)9] 44 HFe 8244 10.1 mg/L, COD 6.6 mg/L, 3
2 3.1 mg/L, £91 0.10 mg/Lolc}. &84 A o uat Ajus 52

100) A2 913 AEXI2E SMoH= 28 ST, SYSY, HYBLEYY, OITAY 52 5 T,
FAFAI7] A 820] HO[510] 591 $2 9IFE 42 NEf S B0,
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7 S o) 44T BE/2Q [ SHERE £2, 52 0.1 mg/L °l3h
=9}, E3 FASAN0) ek 2% AT L AEFTel

u
hY =
A S99 Zx,A0l 91 0.122 mg/L 9A 45k .

ANRHE712A19 9] 5YEA (BRSE 4530 )Y o8 Hd2
|ZAA 8.3 mg/L, COD 6.4 mg/L, 44 1.2 mg/L, ¥2 0.09
mg/LO]E‘r. A4 7 ZESAA A FE 0.1 mg/L °J5kE WS
ot EAEA] HERSE 355(ES)Y E B2 &4 81
mg/L, COD 5.6 mg/L, 84 0.7 mg/L, &% 0.04 mg/Lo|t}t. TAE
Al 2 ZEPEQ FA FE 0.05 mg/L ofsHE HEIh 10D T2,
2024Lu Aﬁu}% $AL8 Aug Y EH7]291 1a 5FHCOD 29]
A] okett, AT RAI7E =7 o Ho
A AZ7AE COD € T-P =& 7|&S
A9 Exr|Eo] Ao olEe 5

(B 4-5) U3 L STL AR 2 $8(20074)

(mg/L)
I SPEAA | _

LRt EN R b= gxta  Tgons  BEA Z0l
2007 = 8.9 10.4 7.6 0.41
2007 = 8.1 9.2 6.6 0.32
2007 = oraB’ V= 9.6 5.6 5.3 0.21
2007 e 9.8 12.8 11.6 0.52
2007 L 9.0 9.4 7.5 0.36
2007 = 9.9 7.6 43 0.20
2007 = 7.7 7.4 4.3 0.14
2007 = STA e 9.5 5.4 3.6 0.17
2007 He 13.2 7.5 5.4 0.24
2007 b b 9.9 7.0 4.4 0.18

101) BHH AIA| 2 7121 ZH2 QI3 ARIE QJa £R12 ZAtA 8.9 mg/L, COD 2.1 mg/L, 24 0.2

/L, 291 0.03 ma/L He® Ol 2 AI8E A ORI RS bRl

F-|>|
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MEEEE 2Zma| 30 U th2dtor 04
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I
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_ SRIRAA _
o | WA | AF g=a  Toon  BEA Z0l
2007 = 9.8 8.0 2.9 0.08
2007 @ MPES 0= 8.8 6.67 2.4 0.09
2007 @ (=X e 8.9 5.1 1.6 0.07
2007 7" g 11.5 5.2 1.6 0.05
2007 L 9.7 6.2 2.1 0.07
2007 = 10.7 3.9 0.9 0.03
2007 @ MEES 0= 8.8 4.9 1.6 0.05
2007 | (=AIEX| 2 10.0 5.2 1.3 0.04
2007 | FZhH™ HE 11.6 4.3 0.7 0.05
2007 by 10.3 46 1.1 0.04
2007 = 11.2 2.0 0.6 0.03
2007 pras 04§ 9.7 1.4 0.3 0.10
2007 | "o e 8.7 1.3 0.9 0.02
2007 e 8.3 1.6 0.7 0.11
2007 L 9.5 1.6 0.6 0.07

* SSIAHHA|A—(https://water.nier.go.kr/web) ZLEHY &= ZZ 449 DAY(EES : ot

), STY(EHY : STA) X1=E 28

> \PFEQY EStetA2|AA I (https://www.eariul.go.kr)OIM M2tEE L5 HH(ML3, DL2)

N=E 88
*x \OIE QS ESIBIATE|A A https://www.eariul.go.knOIA AH2EE LI HFE(ME3, DE2)
=5 2828

*ex GIUSIAESHY Xtz & 2USHT YA =0t QIS FH(BC0415, 0416, 0418, 0419,
0421)9 BE 43 X2 E &8k https://www.meis.go.kr)
reo ol = 2E ARE AEYE Brolo] 2888 38 ~5¥%, S : 62~ 8L, k21 98~ 1
o4 A2 18 ~24, 129)

0z

Q) o= sEE2| SHO A

3 % HES % BEY
4 2 9 B35 A

4% B Brke TEREEAW, AR A25
2025-1652(F97 FR7IE B7t )0l wet 24 Ao A7dES )
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T A FEE deE At Frsiof gt & 7IEE(Cd), HlA
(As), AIRHCN), 2(Hg), #7181, EYZEYIEEHHE(PCB), &
(Pb), 67} AE(Cr6+), Zol& AULFA(ABY), AFsHetA, 1,2-HE=2
2ojgt, HEHZEZLA(PCE), HEZEZE2MH, W4, S22XF, H
AT 0| E(DEHP), eI, 1,4-HolSA<, %OE* AIs1=, A
229A 5 2070 FEZ AAdHoF gtk

S AieEaA AR A4EE 7% 9B A8 A9, rHU

B, A3 Al 3 s FeAtaLal A12018- 102(0H°c1i7§ 71&)ell
et AR AFES 1971 52 Z85hoF st IA g2t 5

jo] ZEZHOoZ IFHE Ao ARHT FJPEO JitH H]_/J\_ A9t
PCB, PCE, HE22H|gt 52 Zgsto] 117]o]t}. sk ofd, ¢, H
Hr Eo g NS 1, T4 FHL S = Hls] §71Y
& ﬂle FE= AlEstod AlMsks E40] At 771944 952 PCB
9} PCE?}F 2ol shd sfdold 354 or AN E= =k 3oy, ©
Lo} SR RS AE T B A} TR 2 o] 12-022
2oletat 1.1.1 - EFZERY 52 549 sigoli] Heg A4st
A% Gk WA A AT FE FolAl 67 FBOL, W, 2E,
ABS, HIdl, ez =z S)tto] TEH R g7t FEolH.

nol'

Lt dekerd HS

muin

#
ARE5E A4 585} EARSE olgal] 913 BT 414
AGE 1 ot Ty Aekag o] Ak sfigeol7 |k shet S-Euet
= @52 AE A 28, 598, 39es, A8, SR
X]—g-%l = 959l Ao W E LA SRS A} el o]

HSE A3 FE0E YoM 40|25 %(pH), SFetal4ta Q5
(COD)102), FF7HAHTOC), FHEETFSS), &EALTFHDO), F2
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g'y
Jo
1o
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ol
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(T-P), & A(total nitrogen), FE2EH-a(Chl-a), WFHEWN LT,
EAAW T S 9N FEES Aokl Qlr}.103) SioFe] ety K

PEL 3| PROT SA0lRBE, FHYFL, S 5L F=ol 7

g9 ey B RS feE3(lasH)HE, BB 59),
=+ UE(IV 59), eUEBVISI7HA £ 7719 5302 FiEo0] &
Qict.104) BhH 3foFo] A5l

al
1 9t @A) B5l el BE

o ml [N

i
>
S
0
=
=
!
)
WN
fijo
)
Rl
ol
9

2

H(assimilative capacity)& F A THEFAHE, 2016). HA AjutE
71EA gl ZehE s B9t WH, AFE (OH 4-3)3 Lol A
sttt ARREs E9E £ 1292 ko, Hol: 197.2 ke, AHL
10.60 9’ A2 FIH} s 5984 HHEAHY e
86.6 kn, BAL 39.2 kt, AAL 2.11 Y’ FEo|t}. THHE TALA] F
<2 55.6 kn, F&2 158.0 kr, AHS 8.49 A’ Aol

A

odoT odHoT
o, &2, E249 ZR0= QU tH| 5240 5= H|E0| 7 0]

(153) ~ +F8+(152) ~ BYS(I) ~ 5Y84(V) 2o
e 2o = |:||.

2 FR0= B2 7IES MBS 20, T1HIZ0| 16 014 FR0= B2 7|ES HEdt
Q
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(38 4-3) MUZ22 NFELG(E, H0l, MH) X +HELEH FHLIR

= " NS, EAEXTZ
E49) Gt®)
=2l (km) 129.2 86.6 55.6
A (k) 197.2 39.2 158.0
HMA (A m)* 10.60 2.1 8.49

EX1 ;1301/\ Google Earth)
M Al7] ;20244 8 e

* SRURX| U EXRR| 7710 HHS SAH S(012)1099) HHo| 27 ZlE 8| 2 pHHIgR
7510 et A S/,
AtEZE AZSHEL5mE FASL Q71 bl AtEsrt 48
J, LHEHY FF2 39 Ryjot PEE g T FOo& A
BT 4 Utk o] o, 3 QFEE FFY Ao mhE HIE2 e d

A3} HHOPUS K 4RO 0BT AWFTH KU Bl
YU FEE A ol AT AR S0 fBEL Gt AT

= IHolA siAEHE EHse FEe e F40] Zhss((™
409 A (DF 4 ) F=),

105) REE, NS, & 0131, (2012). MRtz WRIHLO0| MRAIZE X +EHS0] 0|Rl= S, eh=stdet
4- OflL{X[3tEIX], 15(3), 186-197.
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MPEES 4xntE| S0t U 2ot 04

(O3 4-4) M339 22 £X| LE W8 L FFA
NPtz 52 QR Q|8 2012k .
BAEN/Olel po (vﬂcb) e
Ce=L,+ L,
(Q¢-C¢ D 7) ;\a‘g‘gg > Q8 822Q,C,)
EYE M 72 2EFt
EME (FAV,Cp)
o9 53
(A-ZO|Cp) EXE 2E9R3(I1E)
(AZHOI-H)C)
dVe,
TZLp+Ln+Q(;XCb_QbXCb_AXUsXCb (1)
ave,
TZLp+Ln+QaXCb*QbXCb*AXUsXCb (2)
5 o 20 a7y A s Y
Cb: 5l QST 55, 52 BI|E )

Co: 32| R¥=EH 5% . = . )
Cf: 012 521 92 5& b b ol s s v
R L HEQEB o Fp: QIREN/HAH 55 bg
Cool gl o" SEE/BA B HIE
Bl SIE 334 55 H 0799 S5 S

pas|

12 SIYAAR(2016), p.250

A2 AR AR $9(-1.5 m)z LA glo] Mskt A9 gl
A2 Vs, w3 o) 9 HAEe) B k] gt AR R
ohe, W% 2 BA7 fH RYEE oAU 1)H ool
Aol ok Fok T 4 k. olo] wet 0GB ek
FHsiol 0B £8FFL A% Lol TLBle] 2HY 4

[e)

o
o
o =

0]

]

%

FFEF (&2 LHEE T8 =V x FF)E (2 C) x BT (2)

106) 0= 2tAH0| QESH ST2|0 MB5h= LA S| 5{LiQI Bathtub DRI 7Pt 7HES M. &
AAO| et RpMIEE L2 SAUSRIACRY F2pE| T 7|2AAGH YRS, 2016) pp.
248-250 &x

0
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2} Q JHGE 20249 71&0 =2 A5 A}
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FAEA. o] 1 5UEA HHEETE 459)
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rQ ot o~

™, rlo H o folr
Y to
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AHFEFSo= 202449 91 7]&08 & 56%/d0], COD= 6,087 £/
do| 47 ZFskal Qe ACE HUIEAT 8-85F ] AR b
&2 £919] AL 87.5%, CODE 77.6% Axoltt LPEE &R
4 FEHo| IHok= Aoz Fri=Qleh. AEEE A
1250 FHshs LEEAL CODE 448 BT FARH 4he Yo
FUL 5T 7h&e] AREol & AR BFriEoh

luk
B>
%
rlo
OO
2
lo

20 9% 24 4 xgs}m 024 71T_§ B
&AM 85T 175%°0 sfdshe 1128/490] FA=L
5

A7 RN ARkEEa $7830) 90.6%0 AT A7k 58 /o]
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