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A Study on Impact of Public Sewage Treatment Works Affecting
Water Qualities of the Lake Uiam in Chuncheon City
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Abstract : When abnormal taste and odor were detected in the tap water of the North-Han river
watershed during the dry season in late 2011, excessive nutrients with algal growth in the Lake
Uiam and weather factors were considered to be among its causes. The nutrients, in particular,
originated from domestic sewage in the Chuncheon area. This study was conducted to investigate
relations between the algal growth in the Lake Uiam and the contribution of nutrients from public
sewage treatment works (PSTWs) in Chuncheon city, and based on this to analyze the environmental
impact.

Nutrients in the Lake Uiam have already been accumulated to the level of eutrophication. Even
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in winter, the conditions in the lake such as retention time and water temperature were favorable

to boost algal growth. After phosphorus treatment processes were introduced, the PSTWs in the

Lake Uiam watershed were able to reduce the total phosphorus loads by 43%. The algal

concentrations in the Lake Uiam also dropped by about 7%. The nitrogen treatment efficiencies in

the PSTWs, on the other hand, remained almost the same after the introduction of the phosphorus

treatment processes.

To solve these problems more efficiently, it is necessary to develop management strategies for

the upstream area of the Lake Uiam and set plans to improve nitrogen treatment operation and

management for the PSTWs in Chuncheon.

Keywords : Algal growth, Lake Uiam, Nutrients, Phosphorus treatment process, Public sewage

treatment works
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Table 1. The status of public sewage treatment works(PSTWs) in Chuncheon

PSTWs Cuniasion Faplhty} Treatment method Treatment area Linked-treatment
year capacity(m’/d) (ha)
s 100,000 m*/d: Activated sludge Chuncheon nightsoil
Chuncheon o4 150,000 50,000 m*/d: BNR 62090 treatment facility
Seomyun ’02 1,900 Kind of SBR 357.6 -
Sinbuk ’05 3,000 Kind of Media 3323 -

3% Phosphorus treatment process at Chunchen PSTW was build in June of 2012, and at Seomyon and Sinbuk PSTWs in October of
2011.

2. ZHA| stex2E a4 (TN, TP) 818 9
M2l &=
2010 ~ 2013 4A7F 44T kA% 294
S A% A 1A A =9of| uhet £419] 4
§- 8~36% A= A2l a-go| FEGlon, & WRs
T s AP A =Y 4 0,270 ~ 0,916 mg/Lell
A o1xe Al =4 % 0,140 ~ 0,180 mg/Lo2
2 F=7h N EE &3 ot

S AR oots R 7FH 02 895k 9} olots shrAlEld AAE A =9 F Fh2 Aa
L RS Es 2|2 IAgor o) & 24 - Al SRR A 11~ 2.4% ¥
A2 AL sk 20129 6, A - AL oA &% SRR ou AWskeA 2]

- O
Ath(Table 1). 4.9% 2% g235190n, &, Wi $d4 s e 2
[e]
e

=
R R = s ] AA 29 A 6.249 ~ 12,204 mg/LolA 14

Table 2. The concentration and removal efficiency of outflow at the PSTWs in Chuncheon

Flowrate(m?/d) Introduction of TN (mg/L) TP (mg/L)
PSTWs P treatment Removal Removal
Inflow | Outflow process Inflow | Outflow Efficiency(%) Inflow | Outflow Efficiency(%)
26820 | 10572 572 2982 | 0916 667
Before| (0313 | (1080 . 0490 | (0.050 "
123,723 | 110,035 55.400) | ~19669) | ©472) | H0610) | ~1980) | (17983
Chuncheon | (43,008~ | (64,030~ | *12.5.13
iz | TR g |
er | G, (1. (0.8-91.8) ‘ . (58.799.6)
~50.865) | ~19.783) ~8.744) | ~0.598)
15047 | 6249 1696 | 0.784
Before| (1380 | (0160 | 15;69 | 030 | ©oso | 5?567 N
776.0 | 6431 ~62.180) | ~18.030) | T ~9.930) | ~1.820) O
Seomyun | (320 68 | 1197
2.627) | ~2.208) 12424 | 6287 197 1662 | 0.180 %65
After | (1360 | (0937 | Toy o | (0213 | (0006 | 5700
~51.601) | ~14.820) | Y| 110.560) | ~0.950) e
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Table 2. Continued
Flowrate(m’/d) | Introduction of TN (mg/L) TP (mg/L)
PSTWs P treatment Removal Removal
Inflow | Outflow process Inflow | Outflow Efficiency(%) Inflow | Outflow Efficiency(%)
24.761 12.204 48.1 2.262 0.270 85.8
Before| (4160 | (0.100 : 0230 | (0.060 .
, 22799 | 2,063.7 68.390) | ~20770) | @D | Lig3s50) | ~1.800) | (130D
Sinbuk (1,383 (721 ’11.10.1
3378) | ~3316) 29287 | 14254 92 3295 | 0.168 038
Afier | (113 | (1237 | (o o0l Q183 | 0010 | o
~84.532) | ~24.673) | 77O 7.906) | ~0.650) ES

% Source: NIER, 2010-2013b.
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Table 3. The status of water qualities in the Lake Uiam and its tributary streams

. Lake Uiam Mainstream of North- Tributary stream
Classification . . . - -
(Sinyon bridge) Han river(Chuncheon 1) Soyang river Gongzi stream 1
TN(mg/L) 2.148(0.961 ~7.457) 1.887(0.807 ~3.563) 1.618(1.246 ~ 2.246) 4.998(2.773 ~ 10.696)
TP(mg/L) 0.033(0.005 ~0.616) 0.026(0.000 ~0.233) 0.016(0.004 ~ 0.089) 0.074(0.017 ~ 0.473)
Chl-a(mg/m?) 7.3(0.8 ~37.2) 4.0(0.6 ~ 11.6) 2.1(0.1~7.0) 3.5(0.0~16.4)
% Source: NIER, 2010-2013a.
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Figure 3. Variation of water qualities in the Lake Uiam and its tributary streams

% Source: NIER, 2010-2013a.

Table 4. The status of taste and odor substances at Sinyon bridge in the Lake Uiam

Classification 111128 ~’12.1.11(n=35) | ‘12523 ~“134.1(n=12) | ‘13.4.9 ~12.18(n=20)
Cell number of cyanobacteria (cells/mL) 276(0~4,576) 9,893(0~43,850) 298(13~1,276)
Taste and odor Geosmin 36.8(0.0~182.0) 56.5(0.0~295.0) 15.3(1.6~60.3)
substances (ng/L) 2-MIB 1.4(0.0~27.0) 2.2(0.0~5.0) -

% Source: Committee of Han-river Watershed Management and Han-river Environment Research Center(2013); Water Environment
Information System(http://water.nier.go.kr).

=

L ahg

A Bt 3.5 mg/m’O 2 UER QDR {9
Hr} oS Woh(Adm)ofA Hat 7.3
mg/m*O.2 w7 YEstth o] AA| R HoflA AF

749- <t 0,026 mg/LefA 0.033 mg/LE 21% % A7)
% Z7lelgic, SR8 g s Bi oA ¥
4.0 mg/m’, 2F7lA et 2.1 mg/m’, FAH o3

3

4o
T

SRl wt

u]“?ﬂ

| ZAP7 Fast A

749~ Geosmin

277 o go] WAlsH: 2o

2 ghbEItH(Table 3, Figure 3).

=271 20119 (17])

B 36.8 ng/L, 20124(27]) W4 56.5 ng/L, 2013
7)) 4t 15.3 ng/L 5 AlZ7IHE 2ol 7} 9lo] 7]
Ao R Yepyton Bol7k4
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Table 5. Mass balance of total nitrogen in the Lake Uiam and its tributary streams(Unit: kg/day)

Mainstream Tributary stream load | Public sewage treatment works’ load Sum of TN TN outflow | Increase and
e load of inflow load .
Classification NorthFn | S G - in the Lake load in the decrease
= oyang ongzi . . o
- river streamn Chuncheon | Seomyun | Sinbuk Ukem Lake Uiam (%)
2010 1,229.2 863.5 121.0 1,173.8 3.8 - 3,391.3 2,593.1 798.2
(%) (36.2) (25.5) (3.6) (34.7) (100) - (23.5)
2011 1,843.7 1,760.1 186.8 1,044.5 ‘ 35 ‘ 19.3 48579 5,243.6 N385.7
(%) (38.0) (36.2) (3.8) (22.0) (100) - (-5.4)
2012 1,866.7 931.3 133.0 899.9 ‘ 4.1 ‘ 332 3,368.2 3,370.6 497.6
(%) (48.2) (24.1) (3.4) (24.3) (100) - (12.9)
2013 1,655.2 1,280.0 107.2 1,380.6 ‘ 43 ‘ 333 4,460.6 4247.1 2135
(%) (37.1) (28.7) (2.4) (31.8) (100) - (4.8)

3% Mainstream load of North-Han river is calculated by the discharge of Chuncheon dam, Soyang river by the discharge of Soyang dam,
and Lake Uiam by the storage flow. Gongzi stream is calculated by six month flow and PSTWs by outflow.

A 55 o]Fn] gAIA 7|9l 20119 ALE 2 2012
W o234 d279} Geosmin =7t &7 YERGTH
(Table 4).
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ol2F tju] 201049 35%0)A] 2011€ 3} 20124 22 ~
24%2 Zth7t ThA] 20134 32%2 Lolut 11 3k
o] A2 fAE= AR vyttt A% 9 5t
FAEA] e o} AT FAAL FEE B
FFrARolA Hat 1,887 mg/LEC oY Wt
A Hd 2,148 mg/LE °F 14% Z7}8}9 tH(Table

5). %, 44 BA5A0) 49 BEE Bl ¢
Wl BHFI0lR)0] e BFe Bty
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o) 3% A0l 42 45T ARATE 57} 5]
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Table 6. Mass balance of total phosphorus in the Lake Uiam and its tributary streams(Unit: kg/day)

Mainstream | Tributary stream load | Public sewage treatment facilities’ load | Sum of TP
. TP outflow | Increase and
Classification TG Sovan: Gonezi 1.nﬂow e load inthe | decrease
North-Han yang 2| Chuncheon Seomyun Sinbuk | inthe Lake TLafke U %)
e rver stream Uiam
2010 293 6.7 20 1143 0.5 - 152.8 84.9 679
(%) 19.1) 44) (1.3) (75.1) (100) - (44.4)
2011 255 25.1 3.1 859 \ 03 \ 0.5 140.4 81.9 58.5
(%) (18.2) (17.8) (22) (61.8) (100) - 41.7)
2012 206 62 1.0 427 \ 0.1 \ 04 71.0 256 454
(%) (29.0) 8.7) (1.5) (60.8) (100) - (64.0)
2013 453 212 19 14.1 0.1 03 82.9 88.1 A52
(%) (54.6) (25.6) 2.3) (17.5) (100) - (-6.3)
H EOFERE EHW R, A% A% U, AUt URHOR A AN e Vo R A, o
A - RO R A

Table 7. Retention time of Lake Uiam in dry season (2010 ~ 2013)

Classification 2010(°10.9~’11.1) | 2011(‘11.9~’12.1) | 2012(‘12.9~’13.1) | 2013(‘13.9~’13.12)
Retention time for dry season (day) 9.3(0.0~29.9) 18.3(4.6~104.2) 12.5(4.6~48.5) 14.3(3.4~100.3)
Hydrology in the Lake Uiam Hydraulics in the Lake Uiam

AP I W
e i

MAJUL_M HL.- \‘~an d“\ Al 4 WJZM
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Figure 4. Characteristics of hydrology and hydraurics in the Lake Uiam

Bt AFAZEEG oF 36~99% ZAA U, 53 7ko] F7kste] Y2 F Anabaena spiroides®| 54
B SEBoA ol ulzh dAiek 2011 2 o] YRS mlR= A& YeRgTH$-Aot 5, 2013).
Z710ll= 2vl) 71 A FAIZEe] 7118.3 A= e O]9t o] 4222 20109 FHE] 2013 7HA] 4W7E
th(Table 7). AFAZEO] & wol= LEFE ©f Bt 13.0T0|aL 2.7 ~ 27.5C ] M2 RAFE|GLS.

83l 7)7bo] Zhasta Qo o] ) tholA o, 2011 o] o7} wAYeE A - Z44=7] (11,9

N 5 | #2380 (Reynolds et~ ~ 12.1)0fl&= 3.3 ~ 21.602 WA 2ALE G2
al, 2012), AFAZLe] 718 A%S o BEE W B 13.3 00|tk pHE 20104-E 20139744 4
Z 220} AokHo| AL ¢ Balr} oz 27519 W7k gt 7.9°C0]aL 4.7 ~ 11.59] H{|ollA] LpERyE
©ow B4 Chlorophyll-a %= oF 25 ~ 33% & om, 20114 o] Hulzk WASH A - Z4=7] (119

&= Z718F4cH(Na and Park, 2006), £33 57| <] ~12.1)0ll= 277 SA8] A8 7.3 ~ 8,69
Zrd et shi g dae 53 A otqell 9 HSlollA RAREIGD Bt 8.0 o]l AR

A2 7F |59 AF W Rl gkl AlFAl 447t et 4.5 mmo|ut He| 901 mm7HA] &2 A
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Figure 5. Variation of water qualities in the Lake Uiam and
its tributary streams before(Empty bar) and
after(Red bar) introducing phosphorus treatment
process of PSTWs in Chuncheon

O 2 Uetgton 201149 A - A
mm7} Wel= A2 el Bet 1.0 mmE4A A
o 797 dldld Ao A SIY, &, 53
A 55 o) FHu] WAAIZIQl 20119 A - A7 3
& $£2 1330, Pt pHE 8,002 2EHYo|
Ade 2148 24 Ao 7 Yepsith(Figure 4).
20105 €] 2013E7IA] Z71A&2 A 22
AL AT}, B 2570 AT ol 25 5
%= (Chlorophyll—a)7} 4t 4.0 mg/m’2 2%7}0
A et 2.1 mg/m’, FAZHNA Bt 3.5 mg/m’E
A Y 2F sEET =1 AT Y HokelA 2

F5E7F 7.3 mg/m’E A UeRgT), et oJer
T 2REEs WA o) FrtEE AR
FAE, A skpA e JAA AL =Yl w
2t YT F e AAYAAL =Y A Bt
0.042 mg/LoA =9 = H+ 0.024 mg/LE 43%
A fgastalon, o] o 27 wEe AAYAA

7.6 mg/LolA = ¥ H4t 7.1 mg/m’
2 6.5% & o A Ao Yebdth(Figure
5). 20139 &7 ashof| A F=Hsh4=A] 2] 4]
&= Hsto] whet Rl YT 4
Zo| Hoh= %‘E% A E7] 918 42343 Aol A]
T o9}t fAksE ATHE Aot 20109 sHE7)(T ~
8Y)E e R AYgARrE 150k ol &3}
FAYE FFF T 55 1.1 mg/LE sl
20128 QA2 Aldo] =Y 5 2013¥ B F
ol 3%2 0,1 mg/LE Ag3lo] 2REEE AEY
o] A%t A3} 20109 14,7 mg/m’l| A 20134 13,7
mg/m’g2 °F 7% A& fAAadts anrt Jepgth(=
HeE ek, 2013).

(N >2.0 mg/L, P »0.02 mg/L)°.
o 2ol 2FEAYS AFAITE 2 J’}' T2 eHa
Q1] Wzt WIghslA W 7Hs/d o] A&kl
ot 537 A s olFm 7 g 20
A - A7) AFATr0] 18.3 YR 4W AA| Ht A
FAIEETE oF 28 EQkom, o] Al7]of Hat ~20]
13.3 T(3.3~2L.6 ©0)ZA 277} WAste] A=
T Qe 20 fAH AR & 4 qlrh
Figure 59| Lake Uiam 2(9J 9 2 zal
Figure 10 A¢} Zro] AWstA 24 79| o
& = 3ol Al Lake Ulam (299 3) A& =4
stA g WReY dFS W 2otk PSTW
outflow= FXA| Y st 2|4
nE oo felstur AA Bt A= e
Ak, YT W Lake Uiam 2 A of|A] TN Q14
Z A 9] A 2,191 mg/Loj A 1.893 mg/LE

2
2
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13.6% #a~stlom ojuf AHslpa] e a9
TN s%=& AA A &9 A 6.249 mg/LolA =
Y F 6.289 mg/LE A9 W37} ¢lglch, Lake
Uiam 3 A &4 TN F=&= AAZAE =9 A
2.319 mg/Lef| A 2,262 mg/L= 2.5% A48t i=t]
ol FHsrA A WRGO TN s AA A
A =9 A 10,572 mg/LAA =Y 2 10,158 mg/L
B oha skt &, A Al E9)of whet
P 2Ll o AR 9% 11~2.4%
S7FHAY 4.9% #Haxste] A2laes Ao st
Aom, Do TN s AAYAE =
%11,952 mg/LoflA AA A=Y F- 2,056 mg/L
2 oOFF STk AR e TN A AJA
Zfof whE FEFE WA o= A lr Hold,

oJot% W Lake Uiam 2 A %ol A TP= S1A A
4 =9 A 0.048 mg/Lo|A 0.029 mg/LE 39.6%
Zrasielon ofuf AwskpA] A o] F4l
T AAYAAE = A 0,784 mg/LollA &9
% 0.180 mg/L=Z 77.0% 743}ty E3F Lake
Uiam 3 A4 TP 1A 2AlE =9 4 0.059
mg/Loll Al 0,031 mg/L= 47.5% #2:8kd=tl ©]
o sk A 2 Wi TP e A A
=9 A 0,916 mg/LoAl =9 & 0.140 mg/LE
84.7% #Fa=skSitt, A% Wf @Sl TP Q1A
A Q) A 0,042 mg/LoflA A A EQls
0.024 mg/LO2 aslGlal, 257 e XA
A =Y A 7.6 mg/mPlA AAYAE =45 7.1
mg/m’E 6,6% WA= SATE &, AA AL =9C
= W kA g R TP 5= 74l 5]
4T f FiHTANA Y TP w=te HopA &
oE At 2 Ao s yeigtont ods W Hek
AaAm)oAe AN a7t iE BRed 2o
A Z7F AL oln| A W AFFY] dFAFIL
EASHAL Qlof 2RFE AFF Adte A AT
E3F sk 2ol A Fd AT AR ofy et 9
oA BlHY L A=A {4, 27l o
} 2

o
S WAl ozt 79l & R ARE FdEE
3

ojv B oz
oN

X

>

olZRt AT W YFAFE S| A= ¢

V.4 &

20119 A - Ze7] HAFeA 2S5 A
2 A3 el olFu7h EASHAAL o)+
AEAMA - 257]) 2577 28t 4ol A
ojFnEde wiEshs A B e Aer &
A ok, AN 27 WY AU I
A ket 714 acle] ot Aoz Bl glow
A o] Agslol A 71¢lshs YFERE T
O 2 2 FEstrA 2 A G) Wol A HlEs)
€ YT AU =F AT ¥A, T I
= Aokl tide skl

).
N
|o
Hu
I

FEEFIE AT A f FPgs ==
AL QlaL, 20119 A - Z4=7] AFAIZRE 2010
~ 201397HA] 49 HatHoh 28 22183 o, 2
2 49 Bt 23 FARRE13.0C G o] 2F W
Aol gk 84 8 Q12 A=k gt QUT 47
o A &9l Bkl 20129 1A A =4 A

0.042 mg/Lol A Q1A 2Al A E91% 0,024 mg/Le
2 AEQ, 27 HEs QAL £ A 7.6
mg/m* A A ZAA EJAS 71 mg/m’E eF7k
M=), vk A4 oA A A £ o]z A
& A EES B AR EYF 11~2.4% Z715t
At 4.9% hassto] Ao Wskrh gtk & 4= 9l
on, AT N FHLE AXNYAL =g A
1.952 mg/LelA A AL ES F 2,056 mg/LE
23] ok F7lohe A2 ettt

wrEbA, AAH AL EQo R QRts oA F4l &
T g4 532 A0RE yEigo A4 9 2
FEEe IR fAE ol AUs A



3 - orgsl - Fi| - HeN / £HAl ZToHaIA wRS

EQ5te] oot 34 B el
ol g Az GT7) A7) Fohee 247

ey %
=

kA e 9 93], SRSl A, 2013, 3

Na, E.

C 23k 2012, SEA Al

A2 el 915 £ - Tl A ek ot
Aol Badh AoR Bt

(I E A=k
LA RNLEN )

. 2008, 2FoEA EHY7]E A4

= <
léx UO]— R

n\l
o &
o)
o
oo
1%
o
2
DO
S
S
@
1o
oo
for
=

_,_x] H/ﬂ u_l
ysieEstel, o
23513 2006 5 FASELR
=4, G-1~11,

. 2006, 349] Hojokalol thAvfel, Fhat

oulg, 13(1): 127139,
AEZggEo] 4

7 Wztel o] HuEd 24, dsdetre
o3]S ES78le] 2012 35 E U R I
=13 P-217, 766767,

-

e EE ESEERR LR
BEA A
H. and S. S. Park. 2006. A hydrodynamic

and water quality modeling study of

}\HEHX—I =13

spatial and temporal patterns of

phytoplankton growth in a stratified lake

with buoyant incoming flow, Ecological

Modelling, 199: 298-314.

Reynolds, C. S, S. C. Maberly, J. E. Parker and
M. M. Ville. 2012. Forty years of
monitoring water quality in Grasmere
(English Lake District): Separating the
effects of enrichment by treated sewage
and hydraulic flushing on phytoplankton
ecology, Freshwater Biology, 57: 384-
399.

References

National Institute of Environmental Research
(NIER). 2008. A study on the alert criteria
of harmful algal bloom alert system (I).

NIER. 2010-2013a. National pollution source
investigation system data (http://water.nier.
go.kr).

NIER. 2010-2013b. National water quality
monitoring network system data (http://
water.nier.go.kr).

NIER. 2012. Occurrence and management of

odor compounds produced by algae in

the Geum river.

NIER. 2013. A spatially distributed modeling

study on the algal dynamics in the

middle-upper reaches of the North-Han

river, Korea (I).

Kyung-A You, Myung-Seop Byeon, Seok-Jae
Youn, Soon-Jin Hwang, Doug-Hee Rhew.
2013. Growth characteristics of Bluegreen
algae(Anabaena spiroides) causing tastes
and odors in the North-Han river, KJEE,
46(1): 135-144.

Geonho Yi, Yeongkwan Kim, Yongseok Lee,
Dongjin Kim. 2006. Mass balance analysis
and application of the WASP model on
the internal organic matter production in

Uiam lake, Common proceedings for fall



416 EFYYI H23H M55

conference of KSWW and KSWE.

Seungheon Lee. 2006. The eutrophication of
lakes and reservoirs and their management
plans, Korean Journal of Irrigation and
Discharge, 13(1): 127-139.

Eunjung Lee, Ilhwan Choi. 2012. Variation of
the phytoplankton community and
analysis of odor compounds in Han river,
Common proceedings for
conference of KSWW and KSWE.

Committee of Han-river Watershed Management

spring

and Han-river Environment Research
Center. 2013. Distribution and eco-
physiological characteristics of harmful
algae in the North-Han river.

Na, E. H. and S. S. Park. 2006. A hydrodynamic

and water quality modeling study of spatial
and temporal patterns of phytoplankton
growth in a stratified lake with buoyant
incoming flow, Ecological Modelling,
199: 298-314.

Reynolds, C. S, S. C. Maberly, J. E. Parker and
M. M. Ville. 2012. Forty years of
monitoring water quality in Grasmere
(English Lake District): Separating the
effects of enrichment by treated sewage
and hydraulic flushing on phytoplankton
ecology, Freshwater Biology, 57: 384-
399.



