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ABSTRACT

A Study on the Effects of Water Quality at Juam Lake

of Nitrate in Acidic Deposition

Written by Seok-Hyung Park
Advised by professor Dae-Yewn, Shin Ph. D.
Department of Environmental Bioengineering

Graduate school of Chosun University

Significant improvement of water quality have not been made despite of point
source pollutant loading reduction. This is largely due to the fact that diffuse
pollution degrade water quality.

Control of loads from non-point sources as well as point sources are needed
to improve water quality, this requires exact quantification of non-point sources
loads. Quantification and control of non-point sources loads are difficult.
Because they are changed by special distribution, topological characteristics, land
use and rainfall type.

The unit loading method was generally used for quantification of non-point

source pollutant loading. Unit loading(kg/ha/day) means effluent loading mass
per unit area per unit time. This method is used for average concept, because it
is hard to reflect for watershed characteristics and seasonal variation. But in
our country, the amount of rainfall is changed by the time of the year.

Study area were lake Juam watershed. Analyzing acidic deposition of Juam

= viii -



lake as quantitative, result that search effect getting quality of water in Juam
lake is as following.

The main goal of this study is to understand the effects of concentration and
loads of rainfall runoff from forest on water quantity and water quality by field
measurement. Four watersheds composed of forest were selected in this
research. Area of watersheds are in the range of 19~ 31.64ha.

The NH4-N and NO3-N unit deposit of lake Juam watershed producted 0.86kg
/ha * month and 1.42kg/ha + month respectively.

A NH4-N unit deposit was big for from June to August and was small for
from September to December, and a NO3-N unit deposit was big for from
January to April and was low for from September to December.

A N-unit loding out of forest tree structure of forest area was calculated
considering land use and rainfall amount, in herbaceous area 1.63g/ha/day,
mixture area 1.31 g/ha / day, area 1.26g/ha/day and conifer area 0.82g/ha/day.
A N-unit loding was high in winter between summer, and it appeared low in
autumn. A N-unit loding did not concern to have measured at the same place,
same season and a difference appeared.

It was showed a tendency to increase in comparison with last year.

The N-loading of nonpoint-sources was 13.46ton/year, and the occupation rate
according to, forest tree structure was investigated to conifer forest area

46.90%, mixture area 30.02%6, broad leaf area 22.93% and herbaceous area 0.15%
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Table 1. The lake present situation of a Juam basin
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Table 2. The area of forest tree form in lake Juam basin

. ha)

(Unit

Total

36,288.93

Herbaceous

34.24

Broadleaf

6,709.99

Mixed
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Conifer
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o] 2 A ZvtE 18 3 (Jon Chromatography : DIONEX, DX

s 8 ol2AE=

£3o] Cl, NOs, SO/, Na', NH.', K', Mg™, Ca® *

ZutEa e A xS el
&3l ot

e5g A

Table 3. Ion chromatography system used for chemical analysis

Anion Cation

20mM MSA

1.8mM NasxCOs"
(Methane Sulfonic Acid)

Eluent
1.7mM NaHCOs3

1.0m¢/min
CG12 Guard Column
CG12 Separated Column

2.0m¢/mim
Flow rate
AG4A-SC Guard Column
Column
AS4A-SC Separated Column

CSRS (Cation Self Regeneration

ASRS(Anion Self Regeneration
Suppressor)

Suppressor
Suppressor)

Detector Conductivity Cell Detector Conductivity Cell Detector
10us

Output range 10us
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A47% A3 2D

A1A AR} E] 54
1 B52F olegre 54 54

Table 40 b4 7stEe] 4w pH, 44 &o]&(Cl, NOs, SO/ ) 2 Fo]&

(Na', NH4', K. Mg”" Ca®)e 7153 =(VWM)E e Sl
pHE 9 A= (acidity) & 9wnlstH, A5 o2 o] A disia &4

w AT ES FHEg Ao pHeE 6.12~-6322 2AE AT dstE ol

kol T Na > NH,S > Mg” > Ca® > K02 =3, 7} o] Ao o
Hi HEE Na 54.14 peq/L, NHy 54.04 peq/L, Mg” 48.89 nea/L, Ca® 48.69 peq/
L 2 K 2560 peq/Lolgd
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Table 4. Monthly concentration of components in precipitation

Anion (neq/ )

Cation (neq/ )

Month Preci. pH
(mm) cr Nos [sof | P g | k| cat Mg N | DO
Anion Cation
04/06 315.0] 6.12| 51.5| 39.5| 674 1584| 58.0| 24.2| 43.1] 47.0] 45.8| 2181
07 719.0| 6.23| 57.4| 34.3] 589| 150.6| 49.2| 32.6| 46.2| 48.4| 52.3| 1764
08 419.0| 6.21| 55.3| 38.4| 74.2| 167.9| 55.7) 30.6] 58.5| 44.5] 68.7| 189.3
09 384.2] 6.22| 46.0] 21.6| 47.8| 1154| 46.5| 32.6| 57.8| 39.3| 45.8| 176.2
10 19.0] 6.13| 64.8] 39.8] 69.7| 174.3] 59.1| 28.2| 54.5| 50.6| 37.9| 192.4
11 78.7) 6.32| 43.6| 135 54.3] 111.4| 44.3| 22.6| 45.8| 445 458 157.2
12 31.8| 6.21] 645 20.8| 66.3] 151.6] 50.6| 19.8| 58.7| 56.0| 45.8| 185.1
05/01 9.7| 6.22| 70.4| 426 89.3] 202.3] 62.0| 28.6| 63.2| 72.3| 68.7| 226.1
02 36.7) 6.12| 78.8| 57.4| 928 229.0| 80.7| 32.5| 57.8| 56.2| 42.6| 269.8
03 24.6| 6.23] 58.0| 46.9| 855 190.4| 52.2| 23.2| 54.6| 52.6| 487 231.3
04 1277 6.24| 72.6| 357 80.0| 188.3| 62.2| 13.4| 26.8| 45.6| 65.4| 2134
05 1015| 6.32| 56.2| 30.6| 81.7| 1685 54.7) 28.7| 43.0| 485 74.0] 248.9
Ave. 188.9| 6.21| 59.9| 35.1| 72.3| 167.3| 56.3| 26.4| 50.8| 50.5| 53.5] 207.0
Total | 2,266.9| 6.21] 719.1] 421.1| 867.9|2,008.1| 675.2| 317.0| 610.0/605.5|641.5| 2,484.2
06 475 6.13] 26.9| 185 528 982 422 17.1| 395| 40.2| 645 203.5
07 220.7) 6.33| 48.0| 23.4| 57.8] 129.2| 40.6| 24.3] 32.1| 38.7| 50.6| 186.3
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Table 59 F¢35 79 T8 AaFS eI
TFE&Aol2e Felwo] W @& 2004 849 (45.12kg/ha), 20041 7Y (25.07kg
/ha), 2005 29(14,67 ke/ha), 2005 49 (14.05kg/ha), 20059 1€ (13.53kg/ha),
2005 69 (12,60 kg/ha)el A ola. #& @& 20049 9¥(4.97kg/ha), 20043 94U
(6.21kg/ha), 20043 99 (6.24kg/ha), 2004 11¥(6.80kg/ha)]l «A =X, 74 @
9 b A go] oF guje] Aol & yElU AT

TEAol 2 At 7, 897 1~49o] = 9~1290] WA YvEeuk=d, #

s
o, AR AT L A e el 2 o wadh

20049 6¥€NE 19 T FEAol29 AiFL, o]l Na'(16.63kg/ha).
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K'(13.86kg/ha), Ca®"(13.28kg/ha), NH.'(13.2kg/ha), Mg~ (7.66kg/ha) =M= =1

& o] & SO (45.02ke/ha), CI(29.22kg/ha), NOs (27.34kg/ha) w4 & =4 e

+

20043 6¥€ %€

1

o

s

fE

/ha, o] 10158 kg/haol™, =84l %

Table 5. Month variation of ion amount in the acidic deposit

oF o] Q.

L

’
1}
S

o] k& 64.66kg

166.25kg/ha°] 31T},

Preci. Cation (kg/ha/month) Anion (kg/ha/month) Total
Month (m) ) N T N - 1 kg/ha/
Na |Ca” |[NHy | K |Mg” | Total [NOs; |SO4” | CI | Total vear
04.06 315.01 0.75) 0.49 047 053] 0.32] 256 1.38 1.83 1.03] 4.24 6.80
07 719.01 2.40, 1.96/ 1.99] 2.69] 1.23] 10.27] 4.50, 599 4.31] 14.80] 25.07
08 419.0) 4.34) 3.96| 4.19] 4.04] 1.81] 18.34] 8.06|12.06| 6.65| 26.7§ 45.12
09 384.2) 0.53] 0.57] 041 0.63] 0.23] 2.37| 0.66] 1.13 0.81] 2.60] 4.97
10 19.01 0.86| 0.69] 0.43 0.70| 0.39] 3.07 1.57| 2.12| 1.46| 5.15  &8.23
11 787 0.69] 0.62| 0.56| 0.60] 0.36] 2.83 057 1.77] 1.05 338 6.21
12 31.8 0.74] 0.75) 0.52| 0.49] 0.43] 293 0.82] 2.02| 145 4.29] 7.22
05.01 9.7 1.26| 1.12) 1.09) 0.98 0.77 5.21] 2.33] 3.78 2.20 832 13.53
02 36.7 1.64] 1.02| 0.68 1.12] 0.59] 5.05 3.14] 4.01] 247 9.62| 14.67
03 24.6| 1.06] 0.96| 0.77 0.80] 0.56| 4.15 2.57 3.62| 1.82| 8.00] 12.15
04 1277 1.56] 0.59) 1.29] 0.57| 0.60] 4.61) 2.42] 4.20] 2.82] 9.44 14.05
05 101.5) 0.80] 0.55 0.85( 0.71] 0.37| 3.27 1.20] 2.49 1.27 496 8.23
Ave. 188.9) 1.39] 1.11) 1.10| 1.16| 0.64] 5.39 2.44] 3.75 2.28) 8.46 13.89
Total | 2,266.9/16.63| 13.28| 13.25| 13.86| 7.66| 64.66|29.22| 45.02| 27.34] 101.58 166.25
06 475 1.40] 1.14) 1.68/ 0.96] 0.70] 589 1.66] 3.67] 138 6.71 12.60
07 220.7) 059 0.41] 0.58 0.60] 0.29] 248 092 1.76| 1.08  3.77  6.42
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Table 60 F¢E F99 €9 N-Zstdd9ES et

2004 645 1d w9t 43T 99 NHeN A9 = 0.86kg/ha - month
2 ZARE Y. € NHe-N Zetbd 9= 20049 84 (3.26kg/ha), 2004 7€ (1.55
kg/ha), 20059 6¢(1.31kg/ha), 20059 4¢€ % 7€(1.00kg/ha)ell =1L, 20049 9¢
(0.32kg/ha), 20041 10 (0.34kg/ha), 20043 6% (0.36kg/ha), 2004 124 (0.41kg/ha)
of Zhgkow 7 & @3 A2 2o Aol= oF 10u] o] At

AdAozs A5H6~8¥) A 7F&HEO~129)dd A2d, dF, §74A
2 AFE, A 99 FAAAE B A mE o] 2 Aoem Bt

2004 6¥FH 1d ¢ FUE 99 NO3-N st = 0.56kg/ha - month
2 Z2AEAT. € NO3-N Astd a9l = 20049 8¢ (1.82keg/ha), 2004 7€ (1.12
ke/ha), 2005 24(0.71kg/ha), 20051 3¢ (0.58kg/ha)ell =i, 2004 114(0.13kg
/ha), 20041 94 (0.15kg/ha), 20041 124 (0.18kg/ha), 20051 7€ (0.21keg/ha)ell 2%k

o, 713 2 93t A wel Aol o 14u o) ek,

NO3;-N Zslda9s= 7~8Y 2 1~4¥e] =3 9~12¢¥€d] Z&d, 5=, 344
Ag AR, TAA BHE ALE Ao FAAA = A-e wE JFgFo] Z ow

wole

A7 NHs-N Bl NO3-N Zaleleh9le] wslsolE nlus] HW =
NOs-N9| ZdA7]7F =olfd o &M NH,-No| NOs-NOo = Hetelthil Als vt &
NOs-N9| s FeistitalZol A= AH AT

Y A3E Fged, FId3E 99 NO3-N Zstd a9 = 056kg/ha - month ©] i,
NH,-N 2395971 0.86 kg/ha - monthe] 22 N Zstdv9les ¥ < @9 1.42ke
/ha - montho] T, NH,-N Zatd@9)E 6~89ol 21 9~12¢0 =ow, NO;-N %3}

A9+ 7~89 2 1~490] =3 9~1299] 22 Aoz ZALE T},
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NH;=No] NOs-No.= dehdvia F=4 =, N-Astd el = ey, e Fslet

Table 6. Nitrogen deposit amount in Juam lake basin

ofrt
=
il
of
ok
o,

Month NHs"~N | NHs"-N Deposits | NOs—-N | NOs—N Deposits | Total N Deposits
(mg/L) (ke/ha/month) (mg/L) (ke/ha/month) (ke/ha/month)

04.06 0.64 0.36 0.55 0.31 0.67
07 0.73 1.55 0.48 1.12 2.67
08 0.96 3.26 0.54 1.82 5.08
09 0.64 0.32 0.30 0.15 0.47
10 0.53 0.34 0.56 0.35 0.69
11 0.64 0.43 0.19 0.13 0.56
12 0.64 0.41 0.29 0.18 0.59
05.01 0.96 0.85 0.60 0.53 1.38
02 0.60 0.53 0.80 0.71 1.24
03 0.68 0.60 0.66 0.58 1.18
04 0.92 1.00 0.50 0.55 1.55
05 1.04 0.66 0.43 0.27 0.93
Ave. 0.75 0.86 0.49 0.56 1.42
06 0.90 1.31 0.26 0.37 1.68
07 0.71 0.45 0.33 0.21 0.66
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Fig. 5. Monthly variation of nitrogen acidic deposit and rainfall.
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Table 7. Nitrogen deposit

Juam basin

amount with forest teree form in lake

(Unit : kg/month)

Month Mixed Broadleaf Herbaceous Conifer Total
forest forest forest forest

04.06 5,698.1 4,524.2 23.1 14,222.4 24,467.8
07 21,693.6 17,224.3 87.9 54,146.7 93,152.5
08 42,926.2 34,082.7 173.9 107,143.0 184,325.8
09 3,939.6 3,128.0 16.0 9,833.1 16,916.7
10 5,839.2 4,636.2 23.7 14,574.6 25,073.7
11 4,753.5 3,774.2 19.3 11,864.8 20,411.8
12 5,005.1 3,973.9 20.3 12,492.5 21,491.8
05.01 11,617.1 9,223.8 47.1 28,996.0 49,884.0
02 10,437.6 8,287.3 42.3 26,052.1 44,819.3
03 9,978.4 7,922.7 40.4 24,905.8 42.847.3
04 13,085.0 10,389.3 53.0 32,660.0 56,187.3
05 7,360.8 6,241.3 31.8 19,620.4 33,754.3
Ave. 11,902.9 9,450.7 48.2 29,709.3 51,111.0
Total 142,834.2 113,407.9 578.8 356,511.4 613,332.3
% 23.29 18.49 0.09 58.13 100
06 14,207.7 1,280.7 57.6 35,462.1 51,008.1
07 5,561.2 4,415.5 225 13,880.6 23,879.8
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Table 8. N-deposits of a lake Juam watershed (Unit : kg/year)

Lake NH4-N Deposits | NO3—N Deposits N Deposits o

Name | Area(ha) (¥10.32kg/ha/year) | (¥6.72kg/ha/year) | (x17.04kg/ha/year)
Bosung 27,700 285,864 186,144 472,008 23.2
Dongbok| 19,561 201,870 131,450 333,319 16.4
Juam 57,900 597,528 389,088 986,616 48.5
Sangsa 14,240 146,957 95,693 242,650 11.9
Total 119,401 1,232,218 802,375 2,034,593 100
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Fig. 6. Monthly changes of anion concentration in the surface

water at the mixed forest.
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Fig. 7. Monthly changes of cation concentration in the
surface water at the mixed forest.
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Fig. 8. Monthly changes of anion concentration in the surface
water at broadleaf forest.

350

300 | —+ Nat+ —-Mg+2 - Cat2

Conc.(peq/?,
o [4)] o [4)]
o o o o

4.}
o

0

5/30 7/30 9/30 11/30 1/30 3/30 5/30 7/30
Time (day)

Fig. 9. Monthly changes of cation concentration in the
surface water at broadleaf forest.

_37_



s T T T ® o moH ' g,w X R £
W L o ) T N
G g R T B
= I oqr MR T K oW %o
W G Jo o W T wﬂ o w Moo
\OI X & ﬂH \El “ m_oﬂ ~X
R T B R ]
WO L s R PR
L L i i
— 0 Nl I N
i W - > % o < o w9 M o)
.__Jo_ﬂ de ° HL ZT S~ X o ) 3 miJ w
= AN o g ™ = -
~ wp Mo S . e W T T g
Woog o How oSN E oo T OB R o+
do PR o o &M S M ox T _ d om
o Wk o ° I TG
laze] ! ~
o % T Ao ok NI o oF I
— % T oS = O 5 » No 7o o~
° A wm T . n P GO~
T° w T N oM X oH of T &
d 2 b ol & s N o WX Wom oy N
¢ Tk R A G TH ¢
T = oW oW Cor ko < o
3 ﬂw = I HoAR == M+ Bz o T
! o _ B2 &
A—l o T Ho 4&0 N = 1_ﬁl He 1H = NO;ﬁ g o o0
P erT 23N btz rtogsw =
] e} v =
T om T N K TN B o T
T AF A w ﬂ oo i M W o e b S
o — Zo o o= N G
wmoC g K o WS T ORIy, . o =
A £ NI S i
=sz? 23037 §F iRzl l
— vl . [a\]
L B T P TR Bt & = B M,
L S YR E B d e S 2ks g
q . foxyi X o @) ﬁ o N & ‘O|L ‘Nﬂ ) T ‘ﬁ o
O~ " o0 I
n oo Mow o~ S oWy WoT
< M K 5o o Ho K= Ho BT

]

o
<
H

1

%=

1}

al

A

o 9}

|

fs

71 2ol
A3 wrox

]

o
o

o]

13
=

boj o}

S

7}

=

o
_38_

loletm AbEEL e of
2ol

il

[e}

shof 89714

9

Rl

2]

7
GEPAGAN A 195 64T A FEHT 795

[¢]

o] |

=

[e)

j=}

ol

[¢]
B F 473

=]
T

2]

=

11



295 Gge A%d FRdel wAY 295 A9 AHAL NOy ol § 8
e 3 Fol AAAA AL, AFT Bast dvkn Andn

—+Cl- -0—NO3- —-4—S04-

&

Conc.(pea/?)

150
100
50
o O0=0=0
5/30 7/30 9/30 11/30 1/30 3/30 5/30 7/30
Time (day)

Fig. 10. Monthly changes of anion concentration in the

surface water at conifer forest.
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Fig. 11. Monthly changes of cation concentration in the
surface water at conifer forest.
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Table 9. Yearly aerge of water-solube ion concentration in forest form

Anion(peqg/ ¢ + month) Cation(peq/ ¢ - month)

Forest = = o N - o
Cl NOs; | SO4 Total Na Mg Ca Total

Sampling period:2004.05~2005.4
Mixed 88.5 6.4 72.7 170.2 | 1385 13.1 125.0 275.9
Broad 90.0 54 58.2 1555 | 142.0 125 98.8 253.3

Conifer 1016 | 5.3 71.9 181.2 | 162.5 421 | 1173 321.9

Ave. 93.36 | 5.7 67.6 168.96 | 147.66 | 2256 | 113.7 283.7
Sampling period:2004.09~ 2005.08
Mixed 88.7 7.4 73.9 170 | 1549 13.8 | 126.0 294.7
Broad 101.8 | 6.8 61.4 170 | 168.6 14.1 | 100.7 2834

Herbaceous | 116.3 | 10.3 | 79.9 206.5 | 179.9 48.9 | 105.7 334.5
Conifer 11377 | 7.5 77.1 198.3 | 1904 62.0 | 121.1 373.5
Ave. 105.12 8.0 | 73.07 186.2 | 173.5 34.7 | 113.37 321.5
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Table 10. The precipitation and NOs -N unit loading in the mountainous

stream with forest form

(unit: g/ha/day)

Month Precipitates Tota'l Mixed Broad Leaf Conifer
(mm) Deposits (F1) (F2) (F4)

04.06 315.00 22.47 9.12 12.88 1.47
07 719.00 85.57 1.44 2.99 0.46
08 419.00 169.31 0.18 0.57 0.01
09 384.20 15.54 2.23 3.56 1.21
10 19.00 23.03 0.16 0.32 0.21
11 78.70 18.75 0.88 0.70 0.21
12 31.80 19.74 0.29 0.32 0.07
05.01 9.70 45.82 0.71 0.68 0.17
02 36.70 41.17 0.68 0.19 1.57
03 24.60 39.36 1.11 1.23 0.35
04 127.70 51.61 0.81 0.56 0.43
05 101.50 31.01 1.95 1.78 0.42
Ave. 188.91 46.95 1.63 2.15 0.55
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Table 11. The precipitation and NOs; -N unit loading in the mountainous

stream with forest form

(unit: g/ha/day)

Month Precipitates| Total Mixed Broad |Herbaceou| Conifer
(mm) Deposits (F1) Leaf(F2) s(F3) (F4)
04.09 384.2 15.54] 2.23 3.56 3.17 1.21
10 19.0 23.03 0.16 0.32 1.23 0.21
11 78.7 18.75 0.88 0.70 1.50 0.21
12 31.8 19.74 0.29 0.32 0.06 0.07
05.01 9.7 45.82 0.71 0.68 0.07 0.17
02 36.7 41.17 0.68 0.19 2.70 1.57
03 24.6 39.36 1.11 1.23 1.58 0.35
04 127.7 51.61 0.81 0.56 2.65 0.43
05 101.5 31.01 1.95 1.78 0.35 0.42
06 47.5 56.04 0.41 0.19 1.03 0.02
07 220.7 21.93 5.77 4.88 4.58 2.88
08 257.5 72.33 0.77 0.70 0.60 2.29
Ave. 111.6 36.36 1.31 1.26 1.63 0.82
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Table 12. The Compared precipitation with NOs; -N unit loading in the

mountainous stream (unit : g/ha - day)
Total Precipitates Total Precipitates
Deposits (mm) Month Deposits (mm) Month

169.31 419.00 04.08 36.36 111.60 05.09
85.57 719.00 04.07 31.01 101.50 05.05
72.33 257.50 05.08 23.03 19.00 04.10
56.04 47.50 05.06 22.47 315.00 04.06
51.61 127.70 05.04 21.93 220.70 05.07
45.82 9.70 05.01 19.74 31.80 04.12
41.17 36.70 05.02 18.75 78.70 04.11
39.36 24.60 05.03 15.54 384.20 04.09
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Table 13. N-loading by forest form in lake Juam basin

Forest form Mixed Broad Leaf | Herbaceous Conifer Total
N-loding
1.31 1.26 1.63 0.82 -
(g/ha/day)
Area(ha) 8,451.05 6,709.99 34.24 21,093.65 36,288.93
Portion(%) 23.29 18.49 0.09 58.13 100
N-unit loading} )5 67 | 308592 20.37 6,313.33 |  13,460.49
(kg/yr)
portion (%) 30.02 22.93 0.15 46.90 100
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Fig. 14. Monthly changes of anion concentration in
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Fig. 18. Monthly changes of anion concentration in
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Table 14. Yearly average of water-soluble ion concentration in stream of

lake Juam watershed

Anion Cation
Item Forest 3 i} 3 | Total . ). ,. | Total
F Cl |NOs | SOs Na | Mg Ca
Songgwang
- |140.7 | 20.9 99.9 | 161.6 | 2094 | 61.7 | 160.6 8.9
stream

Ave. | Dongbok

(1ea/ ¢ stream
- mont| Boseng

- |1645 | 13.1 | 1909 | 1776 | 244.0 | 137.8 | 2029 | 134

h) ) - [150.6 | 14.0 98.4 | 164.6 | 2151 | 1177 | 985 | 19.3
river
Ave. - (1519 | 16.0 | 129.7 | 1679 | 222.8 | 105.7 | 154.0 | 13.9
Songgwang
- 12,392 | 356 | 1,698 | 2,748 | 3,560 | 1,050 | 2,731 152
stream
Dongbok
Total - 12,796 | 222 | 3,244 | 3,018 | 4,147 | 2,343 | 3,449 228
(1eq/ ¢ stream
Boseng
* year) i - 12560 | 239 | 1,672 | 2,799 | 3,657 | 2,000 | 1,675 | 1,675
river
Ave. - 12,583 12723 | 2,205 | 2,855 | 3,788 | 1,798 | 2,618 685
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) 5 59 AR FE3E3, USEPACIAE ®19 F(dmg/m v k), =3 % (4~ 10mg/m')

2 F G FA0mg/m ol o= RS Uk ol g ZIFe] 9Tt B FoH, 574
A JFde= OECDY A% =W Y ~F9Y, USEPAS A5 WG d~F
& dEjel & FE o
Table 15. Monthly variation of water quality in Jumam Dam

Month Teomp. oH DO SS BOD | COD | T-N | T-P | Chl-a

(C) (mg/ 2 )|(mg/ 2 )|(mg/ ¢ )|(mg/ 2 )|(mg/¢)|(mg/ )| (mg/m')

04/06 13 8.0 7.0 2.5 0.7 3.0 0.48 | 0.006 4.0

07 15 75 5.9 2.4 0.9 2.9 0.65 | 0.009 4.2

08 19 7.0 4.1 2.3 0.7 29 1.04 0.01 1.8

09 18 6.9 4.2 3.1 0.7 29 0.97 0.01 3.6

10 17 6.6 4.3 1.9 1.3 3.3 0.86 0.01 2.2

11 15 7.3 5.8 2.6 0.9 2.4 0.89 0.01 3.0

12 12 7.6 5.1 2.3 1.3 2.6 057 | 0.014 2.6

05/01 8 7.1 6.7 2.3 0.9 2.3 0.62 | 0.012 1.0

02 5 7.2 9.0 1.7 1.0 1.0 0.49 | 0.008 1.6

03 5 77 10.5 1.7 1.1 24 1.06 | 0.005 2.2

04 7 7.1 10.7 1.4 1.2 2.3 0.66 | 0.012 1.8

05 9 7.1 9.0 1.0 1.1 2.0 0.72 | 0.006 2.2

06 12 7.1 10.2 0.9 0.8 2.6 0.77 | 0.006 2.4

07 12 7.3 7.9 1.6 0.8 2.5 0.96 | 0.004 1.1

08 15 75 6.2 14 0.6 2.8 0.81 | 0.007 1.3

_58_



oy

pzel

,A
e
~~

—_
o

—

;O.ﬂ
R

N

= 0.2092=

R

o

—

e
~~

ol
3K

o2 et

.00

40 60 80

NO3-(ueq/?)

20

Fig. 20. Correlation coefficients between T-N and NO; .

_59_



Fig. 21. Correlation coefficients between pH in Juam lake and ion
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Appendix 1. Monthly variation of ion concentration in mixed forest

Sampling Anion(neq/ 2 ) Cation(ueq/ ¢ )
date Cl | NOs | SO, | Total | Na' | Mg” | Ca’ | Total
04.05.30 60.4 5.4 64.6 | 1358 90.5 9.1 11777 | 2173
06.19 66.9 6.8 585 | 1382 100.4 100 | 1106 | 221.1
07.02 59.0 3.6 67.6 | 133.3 83.5 8.9 1159 | 2132
07.16 58.7 5.0 58.0 124.2 88.1 8.8 101.9 198.8
07.29 151.7 2.6 91.2 | 250.0 | 2276 22.8 | 1496 | 399.9
08.17 48.5 1.2 65.1 118.3 72.8 7.3 109.2 189.2
09.03 61.1 3.4 54.4 | 121.9 91.6 9.2 94.2 | 195.0
09.17 90.6 3.8 50.8 | 1485 | 1359 136 88.2 | 2377
10.03 75.8 1.8 65.1 1457 | 1137 114 | 1079 | 2331
10.31 90.6 1.1 52.8 | 146.8 | 1359 13.6 85.4 | 2349
11.13 1054 5.9 69.9 184.8 158.2 15.8 121.7 295.7
11.28 94.0 3.8 73.1 173.0 141.0 14.1 121.7 276.8
12.28 95.6 7.7 84.4 | 189.9 143.4 14.3 146.1 | 303.9
05.01.30 97.2 11.5 958 | 2045 | 1458 146 | 1669 | 327.2
02.18 101.7 16.6 945 | 2128 | 1526 15.3 1726 | 3405
03.19 153.2 17.1 101.2 271.5 238.7 20.8 179.0 438.5
04.27 93.2 11.2 89.1 1935 | 230.4 — 1365 | 366.9
Ave. 88.5 6.4 72.7 | 170.2 138.5 13.1 125.0 | 2759
05.05.20] 813 | 120 | 818 | 1751 | 1574 | -— 99.0 | 2564
06.06 34.1 8.4 66.8 | 109.2 | 2443 — 150.5 | 394.8
07.02 89.8 3.7 723 | 1658 | 1347 135 | 1224 | 270.7
08.10 66.7 2.8 56.8 | 1263 | 100.1 10.0 972 | 207.3
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Appendix 2. Monthly variation of ion concentration in broadleaf forest

Sampling Anion(ueq/ 2 ) Cation(neq/ ¢ )
date Ccl NO; | SO, | Total | Na~ | Mg®> | Ca” | Total
04.05.30|  65.1 3.9 568 | 1287 | 976 98 | 985 | 2059
06.19 40.4 6.1 623 | 1120 | 606 61| 1126 | 179.2
07.02 65.6 37| 57.0| 12900 | 984 98 | 982 | 2064
07.16 59.0 40| 445| 1097 | 884 88 | 783 | 1755
07.29 96.9 24 | 461 | 1492 | 1454 145 | 789 | 2388
08.17 76.8 14| 628 | 1443 | 1152 115 | 1042 | 2309
09.03 69.6 34| 381 | 1131 | 1044 104 | 661 | 180.9
09.17 94.6 30| 404 | 141.2 | 1420 14.2 69.7 | 2258
10.03 84.9 0.1 588 | 1451 | 1274 127 | 921 | 2322
10.31 94.6 18| 320 | 1303 | 1420 14.2 52.3 | 2085
1113 | 1200 40| 622 189.0 | 180.0 180 | 1044 | 3024
11.28 98.4 30| 549 | 1582 | 1476 148 | 907 | 2531
12.28 | 100.4 7.1 62.7 | 1720 | 1506 151 | 1096 | 275.2
05.01.30| 102.4 11.2 704 | 1840 | 1536 154 | 1255 | 2945
02.18 | 106.8 14.2 83.6 | 2045 | 160.2 160 | 151.0 | 327.2
0319 | 1174 127 | 872 | 2173 | 2717 192 | 1365 | 4274
0427 | 1362 105 | 694 | 2161 | 229.1 17| 1115 | 3423
Ave. 90.0 54| 582 | 1555 | 142.0 125 | 988 | 2533
05.05.20 | 149.7 134 | 980 | 261.1| 1874 - 83.0 | 2754
06.06 98.4 11.2 67.2 | 1768 | 302.2 233 | 1480 | 4735
07.02 738 34| 492 | 1264 | 1107 11.1 85.1 | 206.9
08.10 80.3 26 | 471 | 1300 | 1205 12.1 80.0 | 2126
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Appendix 3. Monthly variation of ion concentration in herbaceous forest

Sampling Anion(neq/ ¢ ) Cation(ueqg/ ¢ )
date CI' | NOs | SO | Total | Na | Mg® | Ca | Total

04.09.03 | 85.0 55| 467 | 1372 1174 | 117 | 1189 | 2481
09.17 91.1 77| 755 | 1743 | 1366 | 789 | 1125 | 3280
10.03 84.7 51| 1165 | 2063 | 127.1 | 433 | 2737 | 4440
10.31 91.1 56 | 523 | 1490 | 1366 | 768 | 487 | 2621
1113 | 2351 | 127 | 969 | 3447 | 3526 | 167.9 | 583 | 5788
11.28 | 1235 77| 1145 | 2457 | 1852 | 1024 | 1831 | 4707
1228 | 1192 78 | 722 | 1991 | 1788 | 179 | 2113 | 4080

05.01.30 | 1134 | 116 | 619 | 1869 | 1701 | 17.0 | 1865 | 3736
02.18 | 1135 | 163 | 1006 | 2304 | 1702 | 17.0 | 3022 | 4895
0319 | 151.2 | 324 | 961 | 2797 | 2635 | 825 | 2967 | 6426
0427 | 1169 | 104 | 864 | 2137| 1926 421 1550 | 351.8
0520 | 1135 | 102 | 646 | 1883 | 16438 00 | 1050 | 2698
06.06 | 1456 | 145 | 599 | 2201 | 2509 | 358 | 221.7 | 5084
07.02 717 21| 565 | 1363 | 1166 | 117 | 1596 | 287.8
08.10 81.9 24| 589 | 1432 1229 | 123 | 1644 | 2996
Ave. | 1162 | 101 | 773 | 1162 | 1791 | 453 | 1732 | 3975
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Appendix 4. Monthly variation of ion concentration in conifer forest

Sampling Anion(neq/ 2 ) Cation(neq/ ¢ )
date Cr NO; | SO | Total | Na | Mg® | Ca” | Total
04.05.30 | 584 32| 593 | 1247 | 875 88 | 1032 | 1996
0619 | 44.4 27 620 1113 | 666 6.7 | 1049 | 1781
07.02 | 615 24 | 640 | 1313 | 922 9.2 | 1086 | 210.1
07.16 | 64.6 28 | 461 | 1164 | 970 97 | 795 | 1862
07.29 | 107.0 1.1 594 | 1723 | 1606 16.1 99.1 | 2757
0817 | 71.2 04 | 673| 1416 | 1068 107 | 1091 | 2266
09.03 | 783 27| 420 | 1253 1174 117 | 713 | 2005
09.17 | 96.3 40| 674 | 1715 | 1444 144 | 1155 | 2744
1003 | 843 14| 842 | 1735 | 1264 126 | 1387 | 2777
10.31 96.3 2.1 461 | 1476 | 1444 144 | 773 | 2362
11.13 | 2044 65| 873 | 3021 | 3066 | 307 | 1460 | 4833
1128 | 1250 40 | 825 | 2143 | 1874 187 | 1367 | 3429
12.28 | 1192 78| 722 2021 | 1788 179 | 1268 | 3234
05.01.30 | 1175 115 | 1088 | 2378 | 1763 | 874 | 1168 | 3805
02.18 | 160.5 147 | 945 | 2697 | 2407 | 1500 | 411 | 4315
0319 | 1336 129 | 920 | 2386 | 2883 | 1700 | 2255 | 6838
04.27 | 104.1 998 | 868 | 2009 | 2404 | 127.0 | 1945 | 5616
Ave. | 1016 53| 7187 | 751 |16245 | 4211 | 117.32 | 321.88
05.05.20 | 1037 128 | 895 | 2060 | 186.1 64.2 | 1375 | 3878
06.06 | 121.4 85| 840 | 2138 | 2665 | 1270 | 1850 | 5782
07.02 | 73.2 6.9 | 586 | 1387 | 1207 13.1 538 | 187.6
0810 | 8.0 66 | 611 | 1558 | 1320 | 721 | 50.02 | 2542
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Appendix 1-1. Monthly variation of ion concentration in mixed forest

Sampling Anion(neq/ ¢ ) Cation(neq/ ¢ )
date Cl NO; | SO/ | Total Na | Mg® | Ca” | Total
04.09.03  61.1 34| 544 1219 916 92 | 942 | 1950
09.17 90.6 38| 508 | 1485 1359 136 | 882 | 2377
10.03 75.8 18| 651 | 1457 1137 | 114 | 1079 | 2331
10.31 90.6 11| 528 | 1468 1359 136 | 854 | 2349
1113 1054 59| 699 | 1848 1582 158 | 121.7 | 2957
11.28 94.0 38| 731| 1730 1410 | 141 | 1217 | 2768
12.28 95.6 77| 844 | 1899 1434 | 143 | 1461 | 3039
0501.30 972 | 115 | 958 | 2045 1458 | 146 | 1669 | 3272
0218 1017 | 166 | 945 | 2128 1526 | 153 | 1726 | 3405
0319 1532 | 171 | 1012 | 2715 2387 | 208 | 179.0 | 4385
04.27 932 | 112 891 | 1935 2304 00| 1365 | 3669
05.20 813 | 120 | 818 | 1751 1574 00| 990 | 2564
06.06 34.1 84| 668 | 1092 2443 00| 1505 | 39438
07.02 89.8 37| 723| 1658 1347 | 135 | 1224 | 2707
08.10 66.7 28| 568 | 1263  100.1 100 | 972 | 207.3
Ave. 88.7 74| 739 | 1713 1549 138 | 1260 | 2920
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Appendix 2-1. Monthly variation of ion concentration in broadleaf forest

Sampling Anion(ueq/ ¢ ) Cation(peq/ 2 )
date cr NO; | SO, | Total | Na Mg” | Ca® | Total
04.09.03 69.6 3.4 381 | 1131 | 1044 10.4 66.1 | 1809
09.17 94.6 3.0 404 | 1412 | 142.0 14.2 69.7 | 2258
10.03 84.9 0.1 588 | 1451 | 1274 12.7 921 | 2322
10.31 94.6 1.8 320 | 1303 | 142.0 14.2 523 | 2085
11.13 | 1200 4.0 622 | 189.0 | 180.0 180 | 1044 | 3024
11.28 98.4 3.0 549 | 1582 | 1476 14.8 90.7 | 253.1
1228 | 100.4 7.1 627 | 1720 | 150.6 151 | 1096 | 2752
05.01.30 | 102.4 11.2 704 | 1840 | 1536 154 | 1255 | 2945
02.18 | 106.8 14.2 83.6 | 2045 | 160.2 160 | 151.0 | 327.2
03.19 | 1174 12.7 872 | 2173| 2717 192 | 1365 | 4274
04.27 | 1362 105 69.4 | 2161 | 229.1 17 | 1115 | 3423
0520 | 149.7 13.4 98.0 | 261.1| 1874 0 88.0 | 2754
06.06 98.4 11.2 672 | 1768 | 3022 233 | 1480 | 4735
07.02 738 3.4 492 | 1264 | 1107 11.1 85.1 | 2069
08.10 80.3 2.6 471 | 130.0 | 1205 12.1 80.0 | 2126
Ave. 101.8 6.8 614 | 171.0 | 1686 141 | 1007 | 2825
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Appendix 3-1. Monthly variation of ion concentration in herbaceous forest

Sampling Anion(neq/ #) Cation(neq/ ¢ )
date Cr’ NO; | SO | Total | Na | Mg®~ | Ca” | Total
04.09.03] 850 55 467 | 1408 | 1275 65.3 325 | 2253
09.17 | 911 77 755 | 1769 | 136.6 78.9 675 | 283.0
10.03| 847 51| 1165 | 209.1 | 1271 433 | 164.2 | 3346
1031 911 5.6 52.3 | 1516 | 1366 76.8 292 | 2426
11.13] 2351 127 96.9 | 347.2| 3526 | 167.9 350 | 5555
1128 | 1235 77| 1145 | 2484 | 1852 | 1024 | 1099 | 3975
1228 1205 96 | 1116 | 2445 | 180.7 181 | 1924 | 3912
05.01.30| 1134 116 619 | 1869 | 170.1 170 | 1119 | 299.0
0218 1135 163 | 1006 | 2304 | 170.2 170 | 1813 | 3686
03.19| 151.2 32.4 96.1 | 279.7| 2635 825 | 1780 | 524.0
04.27 | 1169 10.4 86.4 | 2137 | 1926 4.2 93.0 | 289.8
0520 1135 10.2 64.6 | 1883 | 164.8 0.0 630 | 227.8
06.06 | 1456 145 59.9 | 2201 | 250.9 358 | 1330 | 419.7
07.02| 777 2.1 565 | 1363 | 1166 117 95.7 | 224.0
0810 819 2.4 539 | 1432 | 1229 123 937 | 233.8
Ave. 116.3 10.3 799 | 2078 | 179.9 489 | 1057 | 3344
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Appendix 4-1. Monthly variation of ion concentration in conifer forest

Sampling Anion(peq/ 2 ) Cation(ueq/ ¢ )
date Cr’ NO; | SO | Total | Na | Mg® | Ca” | Total
04.09.03 78.3 2.7 420 | 1253 1174 117 713 | 2005
09.17 96.3 4.0 674 | 1715 | 1444 144 | 1155 | 2744
10.03 84.3 14 84.2 | 1735| 1264 126 | 1387 | 2777
10.31 96.3 2.1 461 | 1476 | 1444 14.4 773 | 236.2
1113 | 2044 65 87.3 | 3021 | 3066 30.7 | 1460 | 4833
1128 | 1250 4.0 825 | 2143 | 1874 187 | 1367 | 3429
1228 | 1192 7.8 722 | 2021 | 1788 179 | 1268 | 3234
05.01.30 | 1175 115 | 1088 | 2378 | 1763 87.4 | 1168 | 3805
02.18 | 1605 147 945 | 2697 | 2407 | 149.7 411 | 4315
0319 | 1336 129 92.0 | 2386 | 2883 | 1700 | 2255 | 6838
04.27 | 104.1 10.0 86.8 | 2009 | 2404 | 1267 | 1945 | 5616
0520 | 103.7 12.8 895 | 206.0 | 186.1 64.2 | 1375 | 3878
06.06 | 121.4 85 84.0 | 2138 | 2665 | 1267 | 1850 | 5782
07.02 73.2 6.9 586 | 1387 | 1207 13.1 538 | 187.6
08.10 88.0 6.6 61.1 | 1558 | 132.0 72.1 50.0 | 254.2
Ave. 1137 75 771 | 199.9 | 190.4 62.0 | 1211 | 3736
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Appendix 5. Monthly variation of ion concentration in Songgwang stream

Sampling Anion(ueq/ 4 ) Cation(neq/ # )

9_

date Cl | NOs | SO | Total | Na"~ | Mg* | Ca™ K' | Total

04.05.30 | 110.8 6.61 | 1045 | 2249 | 166.2 | 55.4 |138.2 | 18.3 | 378.1

06.19 | 147.3 23.1 98.9 | 2752 |220.9 | 22.1 |197.3 | 15.6 | 4559

07.02 | 116.7 20.9 916 | 2316 | 175.0 | 58.3 |137.2 8.1 | 378.6

07.16 76.1 17.2 595 | 1549 | 114.2 | 38.1 | 95.6 7.4 | 2553

07.29 | 1324 14.1 93.8 | 245.0 ||198.6 | 70.9 |122.4 8.1 | 400.0

08.17 | 111.1 11.0 83.1 | 2079 |166.7 | 64.1 |101.9 6.5 | 339.2

09.03 | 101.1 23.2 83.6 | 210.0 || 151.6 | 52.3 | 132.1 7.4 | 343.4

09.17 | 1394 20.3 88.4 | 2509 |209.1 | 67.5 |124.9 8.4 | 409.9

10.03 || 115.7 165 | 1056 | 240.7 | 173.6 | 62.0 | 149.5 6.1 | 391.2

10.31 || 1394 19.1 753 | 2373 1209.1 | 74.7 | 95.9 7.9 | 387.6

11.13 || 1853 23.0 | 101.7 | 314.2 | 277.9 | 92.6 | 132.2 8.7 | 511.4

11.28 || 179.3 20.3 | 100.8 | 304.3 | 268.9 | 92.7 | 125.2 6.8 | 493.6

12.28 || 174.8 281 | 114.1 | 339.7 | 262.2 | 26.2 |255.1 7.5 | 551.0

05.01.30 | 170.4 359 | 1273 | 3336 [255.5 | 91.3 | 186.9 7.6 | 541.3

02.18 | 165.7 282 | 121.3 | 3152 |248.6 | 88.8 |167.0 6.9 | 511.3

03.19 | 165.7 272 ] 122.0 | 3149 | 125.7 0.0 | 270.0 7.4 | 403.1

04.27 | 161.0 21.0 | 1263 | 3083 |335.7 | 92.5|299.5 | 13.3 | 741.0

05.20 | 161.2 283 | 1338 | 3233 |284.8 | 70.0 |267.0 | 19.7 | 356.7

06.06 | 215.6 30.7 | 143.0 | 389.3 | 128.7 | 63.3 | 253.0 6.4 | 322.7

07.02 | 1084 17.4 81.6 | 2074 | 162.6 | 55.8 |118.4 | 11.1 | 185.3

08.10 | 117.2 18.2 85.0 | 2204 |175.8 | 61.3 |119.6 8.5 | 189.4




Appendix 6. Monthly variation of ion concentration in Dongbok stream

Sampling Anion(ueq/ 4 ) Cation(ueq/ 2 )

+

date Cl | NOs | s0 | Total | Na' | Mg® | Ca” K Total

04.05.30 | 147.6 46 | 1166 | 2731 || 221.4 | 121.2 | 94.4 | 25.6 | 462.5

06.19 | 206.7 239 | 1573 | 3934 | 310.0 | 221.9 | 97.6 | 18.7 | 648.2

07.02 | 167.1 21.7 | 169.2 | 361.8 | 250.6 | 143.8 | 184.5 | 18.4 | 597.3

07.16 81.6 173 | 9656 | 1975 | 122.3 | 68.9 | 124.8 | 12.5 | 328.5

07.29 82.0 244 | 56.21 | 1437 | 123.0 | 63.8 | 43.1 12.1 | 242.0

08.17 | 125.8 12.1 | 1499 | 2903 | 188.7 | 97.4 | 178.4 | 11.2 | 475.7

09.03 | 1389 9.2 | 1881 | 3386 | 208.4 | 108.8 | 224.6 | 12.9 | 554.7

09.17 | 142.8 106 | 2059 | 362.7 | 214.3 | 113.9 | 252.1 11.7 | 592.0

10.03 | 147.0 149 | 2268 | 391.2 | 220.5 | 119.5 | 285.9 | 12.5 | 638.5

10.31 | 1428 47 | 1881 | 3388 || 214.3 | 110.7 | 217.0 | 12.4 | 554.4

11.13 || 285.2 134 | 2309 | 533.2 | 427.8 | 312.3 | 113.0 | 12.8 | 865.9

11.28 || 191.2 106 | 2704 | 4758 | 286.8 | 169.7 | 304.7 | 12.0 | 773.2

12.28 || 198.6 139 | 2699 | 500.8 | 298.0 | 29.8 | 473.4 | 11.9 | 813.1

05.01.30 | 206.1 171 | 2694 | 4926 | 309.1 | 226.9 | 252.1 | 10.9 | 799.0

02.18 | 1829 157 | 2132 | 4118 | 274.4 | 175.9 | 208.7 | 11.7 | 670.6

03.19 | 196.5 165 | 2321 | 4450 | 203.5 | 91.7 | 145 | 12.1 | 321.7

04.27 | 153.0 134 | 2038 | 370.2 | 274.3 | 166.7 | 380.0 9.0 | 830.0

05.05.20 | 175.7 272 | 242.0 | 4449 || 242.6 | 144.2 | 359.5 | 39.5 | 785.8

06.06 | 194.2 26.0 | 2015 | 421.6 | 243.9 | 59.2 | 258.0 | 19.5 | 580.6

07.02 | 110.2 13.8 | 107.3 | 231.3 | 165.3 | 92.2 | 117.5 | 13.6 | 388.6

08.10 | 1359 106 | 181.3 | 327.8 | 203.8 | 106.7 | 218.3 | 12.7 | 541.5
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Appendix 7. Monthly variation of ion concentration in Boseng river

Sampling Anion(neq/ 2 ) Cation(ueq/ ¢ )
date Cl' | NOs | S04 | Total | Na' | Mg® | Ca” | K | Total

04.05.30 | 63.24 174 95.2 | 180.9 94.9 47.4 | 219.5 | 23.5 | 385.2
06.19 | 2223 19.6 95.4 | 345.1 | 293.1 | 198.0 61.0 | 30.1 | 385.2
07.02 64.0 3.7 62.8 | 133.3 96.0 47.8 69.4 | 19.7 | 232.9
07.16 67.1 16.1 715 | 158.1 | 100.7 59.8 925 | 17.6 | 270.6
07.29 874 7.0 84.2 | 1822 | 131.1 69.8 90.6 | 16.8 | 308.3
08.17 89.9 159 735 | 1828 | 134.9 62.1 9551 19.2 | 311.7
09.03 | 131.9 6.6 80.3 | 2226 | 197.8 99.7 58.6 | 18.2 | 374.3
09.17 | 1448 7.8 84.8 | 241.7 | 217.1 | 108.5 61.0 | 19.2 | 405.9
10.03 | 189.3 16.3 919 | 300.9 | 284.0 | 138.6 58.9 | 18.4 | 499.9
10.31 | 144.8 43| 657 | 2183 | 217.1 | 109.5 | 22.6 | 19.3 | 368.6
11.13 | 224.2 9.5 92.6 | 3309 | 276.4 | 221.0 32.0 | 17.5 | 385.2
11.28 | 147.8 7.8 91.2 | 251.2 || 221.7 | 127.8 52.3 | 17.8 | 385.2
12.28 | 174.3 14.8 | 107.0 | 3223 | 261.5 | 26.2 | 228.0 | 19.2 | 534.8

05.01.30 | 200.8 21.8 | 1228 | 3455 | 301.3 | 218.6 32.9 | 18.2 | 570.9
02.18 | 207.4 272 | 1329 | 3675 | 311.2 | 210.5 | 66.3 | 17.6 | 605.5
03.19 | 202.1 231 | 1219 | 3471 | 218.7 | 111.7 | 150.5 | 18.7 | 499.6
04.27 | 1985 19.8 | 1989 | 417.2 | 299.1 | 143.3 | 283.0 | 16.7 | 742.1
05.20 | 165.9 149 | 119.8 | 300.6 | 294.8 | 112.5 | 259.5 | 22.8 | 689.6
06.06 | 230.8 16.2 | 168.1 | 415.1 | 234.8 87.5 | 230.5 | 27.9 | 580.7
07.02 72.9 89 | 728 | 1546 | 109.3 | 59.1 | 84.2 | 19.5 | 272.1
08.10 | 122.2 10.1 795 | 211.8 | 183.3 90.1 71.7 | 18.4 | 363.5
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Appendix 5. Monthly variation of ion concentration in Songgwang stream

Sampling Anion(neq/ ¢ ) Cation(neq/ ¢ )
date Cl |NOs | SO | Total | Na | Mg” | Ca” | K | Total
04.09.03 |101.1 | 23.2 | 83.6 | 210.0 | 151.6 | 52.3 | 132.1 7.4 | 3434
09.17 | 1394 | 20.3 | 884 | 2509 | 209.1 | 67.5 |124.9 8.4 | 4099
10.03 |115.7 | 165 | 105.6 | 240.7 | 173.6 | 62.0 |149.5 | 6.1 | 391.2
10.31 |139.4 | 19.1 753 | 2373 | 209.1 | 74.7 | 95.9 7.9 | 3876
11.13 | 1853 | 23.0 | 101.7 | 314.2 | 277.9 | 92.6 |132.2 8.7 | 5114
11.28 |179.3 | 20.3 | 100.8 | 304.3 | 268.9 | 92.7 | 125.2 6.8 | 493.6
12.28 |174.8 | 28.1 | 114.1 | 339.7 | 262.2 | 26.2 | 255.1 7.5 ] 551.0
05.01.30 | 170.4 | 359 | 127.3 | 333.6 | 255.5 | 91.3 | 186.9 7.6 | 541.3
02.18 |165.7 | 28.2 | 121.3 | 3152 | 248.6 | 88.8 |167.0 6.9 | 511.3
03.19 |165.7 | 27.2 | 122.0 | 3149 | 125.7 0.0 | 270.0 7.4 | 403.1
04.27 |161.0 | 21.0 | 126.3 | 3083 | 335.7 | 92.5 |299.5 | 13.3 | 741.0
0520 |161.2 | 283 | 133.8 | 3233 | 284.8 | 70.0 |267.0 | 19.7 | 6415
06.06 | 2156 | 30.7 | 143.0 | 389.3 | 128.7 | 63.3 | 253.0 6.4 | 4514
07.02 | 1084 | 174 | 816 | 2074 | 162.6 | 55.8 |118.4 | 11.1 | 3479
08.10 | 117.2 | 18.2 85.0 | 2204 175.8 | 61.3 |119.6 8.5 | 365.2




Appendix 6. Monthly variation of ion concentration in Dongbok stream

Sampling Anion(uieq/ ¢ ) Cation(ueq/ 2 )

2-

date Cl | NOs | SO, | Total | Na* | Mg” | Cca” K~ | Total

04.05.30 | 147.6 458 | 116.6 | 273.1 || 221.4 | 121.2 | 94.4 | 25.6 | 462.5

06.19 | 206.7 239 | 1573 | 3934 | 310.0 | 221.9 | 97.6 | 18.7 | 648.2

07.02 | 1671 21.7 | 169.2 | 361.8 | 250.6 | 143.8 | 184.5 | 18.4 | 597.3

07.16 | 81.55 173 | 9656 | 1975 | 122.3 | 68.9 | 124.8 | 12.5 | 328.5

07.29 32 244 | 56.21 | 1437 | 123.0 | 63.8 | 43.1 | 12.1 | 242.0

08.17 | 125.8 12.1 | 1499 | 2903 | 188.7 | 97.4 | 178.4 | 11.2 | 475.7

09.03 | 1389 9.23 | 188.1 | 3386 | 208.4 | 108.8 | 224.6 | 12.9 | 554.7

09.17 | 142.8 10.6 | 2059 | 362.7 | 214.3 | 113.9 | 252.1 11.7 | 592.0

10.03 147 149 | 2268 | 391.2 | 220.5 | 119.5 | 285.9 | 12.5 | 638.5

10.31 | 1428 466 | 188.1 | 3388 | 214.3 | 110.7 | 217.0 | 12.4 | 554.4

11.13 || 285.2 134 | 2309 | 5332 | 427.8 | 312.3 | 113.0 | 12.8 | 865.9

11.28 || 191.2 106 | 2704 | 4758 | 286.8 | 169.7 | 304.7 | 12.0 | 773.2

12.28 || 198.6 139 | 2699 | 500.8 [ 298.0 | 29.8 | 473.4 | 11.9 | 813.1

05.01.30 | 206.1 17.1 | 2694 | 4926 | 309.1 | 226.9 | 252.1 10.9 | 799.0

02.18 | 1829 157 | 2132 | 4118 | 274.4 | 175.9 | 208.7 | 11.7 | 670.6

03.19 | 196.5 165 | 2321 445 | 203.5 | 91.7 | 145 | 12.1 | 321.7

04.27 153 134 | 2038 | 370.2 | 274.3 | 166.7 | 380.0 9.0 | 830.0

05.20 | 175.7 272 242 | 4449 | 242.6 | 144.2 | 359.5 | 39.5 | 785.8

06.06 | 194.2 26 | 2015 | 4216 | 243.9 | 59.2 | 258.0 | 19.5 | 580.6

07.02 | 110.2 13.8 | 107.3 | 231.3 | 165.3 | 92.2 | 117.5 | 13.6 | 388.6

08.10 | 1359 106 | 181.3 | 327.8 | 203.8 | 106.7 | 218.3 | 12.7 | 541.5
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Appendix 7. Monthly variation of ion concentration in Boseng river

Sampling Anion(ueq/ 4 ) Cation(peq/ ¢ )
date CI' | NOs | SO | Total | Na” | Mg” | Ca® | K | Total
04.05.30 | 63.24 | 17.4 | 9523 | 180.9 | 94.9 | 47.4 |219.5 | 23.5 | 385.2
06.19 | 2223 | 196 | 95.38 | 345.1 | 293.1 |198.0 | 61.0 | 30.1 | 385.2
07.02 | 64.03 | 366 | 62.79 | 1333 | 96.0 | 47.8 | 69.4 | 19.7 | 232.9
07.16 | 67.13 | 16.1 | 71.46 | 158.1 | 100.7 | 59.8 | 92.5 | 17.6 | 270.6
07.29 | 87.38 | 697 | 8421 | 1822 | 131.1 | 69.8 | 90.6 | 16.8 | 308.3
08.17 | 89.92 | 159 | 7348 | 1828 | 134.9 | 62.1 | 95.5 | 19.2 | 311.7
09.03 | 1319 | 6.63 | 80.25 | 2226 | 197.8 | 99.7 | 58.6 | 18.2 | 374.3
09.17 | 1448 | 7.79 | 84.81 | 241.7 | 217.1 |108.5 | 61.0 | 19.2 | 405.9
10.03 | 189.3 | 16.3 | 91.92 | 300.9 | 284.0 [138.6 | 58.9 | 18.4 | 499.9
10.31 | 144.8 | 4.29 | 65.67 | 2183 | 217.1 [109.5 | 22.6 | 19.3 | 368.6
11.13 | 224.2 | 95| 9256 | 3309 | 276.4 [221.0 | 32.0 | 17.5 | 385.2
1128 | 147.8 | 7.79 | 91.23 | 251.2 | 221.7 [127.8 | 52.3 | 17.8 | 385.2
1228 | 1743 | 14.8 | 107 | 3223 | 261.5 | 26.2 |228.0 | 19.2 | 534.8
05.01.30 | 200.8 | 21.8 | 122.8 | 3455 | 301.3 |218.6 | 32.9 | 18.2 | 570.9
02.18 | 2074 | 272 | 132.9 | 3675 | 311.2 |210.5 | 66.3 | 17.6 | 605.5
03.19 | 202.1 | 23.1 | 1219 | 347.1 | 218.7 |111.7 |150.5 | 18.7 | 499.6
04.27 | 1985 | 19.8 | 1989 | 417.2 | 299.1 {143.3 |283.0 | 16.7 | 742.1
0520 | 1659 | 149 | 119.8 | 300.6 | 294.8 |112.5 [259.5 | 22.8 | 689.6
06.06 | 230.8 | 162 | 168.1 | 415.1 | 234.8 | 87.5 |230.5 | 27.9 | 580.7
07.02 | 72.85 | 892 | 72.82 | 1546 | 109.3 | 59.1 | 84.2 | 19.5 | 272.1
08.10 | 1222 | 10.1 | 7951 | 211.8 | 183.3 | 90.1 | 71.7 | 18.4 | 363.5
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