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The Trend and Assessment of Water Pollution from Midstream to Downstream of the Kum
River. Rim, Chang-Soo, Jae-Ki Shin'* and Kyung-Je Cho? (Department of Civil and
Environmental Engineering, Chungwoon University, Hongsung, 350-800, ‘Water Resources
Research Institute, KOWACO, Taejon, 305-390 and 2Division of Environmental Science and
Engineering, Inje University, Kimhae, 621-749, Korea)

In order to understand the trend and assessment of water pollution, seasonal water
quality was determined in the main river and the tributaries from midstream to
downstream of the Kum River from March 1998 to June 1999. Among environmental
factors, the variation of nitrogen, phosphorus and chlorophyll-a was distinctive on
an aspect of increase and decrease relatively to others, and particularly the impact
of inorganic N - P inflowing into the main river was observed to be more significant
at the Kapchon, Mihochon and Soksongchon among the tributaries. Water quality
was highly related to hydrologic factor, and it was more deteriorated when water
discharge maintains for a long time below normal flow or relatively at low condition
of minimum and drought flow. These phenomena were remarkable from December
to March of the next year. NH, and SRP were decreased dramatically flowing toward
the lower part of the river and chl-a was increased exponentially. While, the
variations of NO; and BODs were regular from midstream to downstream and there
was no significant difference between the stations. Limiting nutrient for phyto-
plankton growth seemed to be P than N because the ratio of TN/TP or DIN/SRP was
relatively high as 42 or 544 in the main river, respectively. The main river and tribu-
taries were ranked to be third grade, based on the assessment of BOD as an indirect
indicator of organics, but particularly Kapchon was ranked to be over fifth grade. In
addition, the inflow of high N - P nutrients from tributaries including Kapchon and
Mihochon seemed to be major factor of the development of water pollution of the
Kum River. On the other hand, persistent bloom of phytoplankton in lower part of
the river was observed. As a conclusion, management of water quality for main
source of pollution is urgent.

Key words : Chlorophyll-a, Discharge, Eutrophication, Kum River, Nitrogen, Phos-
phorus, Water quality assessment
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o] tjREg XpA|Ete] o] widF FHAile] AHHTH(UN,
1992). 73A] - AbGLA T v Ee] A7} wEta <l
7F AEEHe B AMge] 5T UE 9 o9
7t F7VsHAl H e ol2l3 N - PE B[ E3 {718
2g4E o] 245 oS AAsA T o A
TdtAl A T ApA|REe] o3t = Ae] ofdEt El—r
25E A dFde] Fiez < AEEHaE
Wz 2 f7)1Ee] Frbstar 12 kA el %%0}11
S AN B F3 o] AAHE AL 9
n] gk} (OECD, 1992).

SEluete] A g steRA AAL] 24 EA
o} 7]l s} - s e o] FEBHA] Fste] A=
A EA] Fala spHez Zvir F4HE 9L
oFe] ol HoJoFsts oS FEEIATIE AfAA
Qlo] Aujzielm o]} vjEo] 7F4-2] Aol &3 2t
el 0015 7138t = w7k =g A 76 A EEH o] 9
B s AR At A Azt deke
2 %ﬂﬂiﬁ o] A71E A fel I3 B
Z3loh(4), 1998). fFe] AolH RExoz Z4aAo
717 AsE T o)W B8] spHe] Aol A
A 23 pAHE 7} B ol e Aot

FHL FRA FRR Aol A3 FY o
B4 ohgoz A3 AFAel s (FBA,
1997), 2 4f-3oll S237t AAF AT FFl
Az7}k AT el AL o g71A7} Wl 2
o %3tk FeAFE ARIH GHe =
2371 9] o4 AAH o] Eipell FHE ot AF
dudos B o v]adE A|9slue HRrE
3~6% A =9 %ﬁrv} 23] }ﬂ__e_ B2 £ 311 2L
b wlwd 2 AR 9123
o} (234, 1997)
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FEE 22 19 39] 9593 ~96 e AX E{Fo Fo
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HElH o2 3t7 A0 ed=E ke vt qloh 1
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WAY we BE F - AR SRV 24}
S8 AL SFerE AR o 135kmA el 9703
dHs 2AARRE AT fWARE Ade
sefstel faARlel et Aeshaleh (Fig. 1). £77
< WAs =AY AFH(TAE), 27} (PUK), 39
(YON), 333 (KON), ¥ i (PUY), BF=3] (PAN), 34k
932 (KAN), SZH 2 (UNG) B FFH oz spi4rt o
oz WREE AAHQ 5 (HAG)S IiAHoz
Sel3, ARE HAFGA} A 5o FAEAE
AFSAY fodew Fugle AT nsHe w3}
o $74, AW, FH, AR, LAH 2 24 8
Aoz F 17 AN 2AsHe(Fig. 1. 45
2AAYE e TRA7) AL ADE Yol &
Rl Sl AR A AT 2ot
2alg & —L‘?_—ﬂ_\ﬂ_ 2 g R (Fa, 1979
"97)9} TN YR (F55, 1998~99)°] A s &g
skt A RAL 38 F 23 DO DO meter (YSI
58 i 59)2, pH, A7|Axx W Exx= 7}z Orion
230A meter, Conduktometer LF191, Win % Secchi 33+
(1% 025 Moz WA ZAsdch BHARE

l=,1 o Lol
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Fig. 1. Sampling locations for the water quality surveys
in the Kum River. The estuarine barrage or water-
gates were constructed on the river mouth from
December 5, 1983 to November 20, 1990. Water
impoundment began in August 30, 1994.

Van Dorn J47]2 ZZ(0.5m $A)olA] 43k}
ALV 41 BRAEEE AgRAT chol2uiE
olg3tel APAR 7Tk £ A= FFo] whe}
FA EABAY ¥E (-20~-70°C)B3 F 2F o]
o AZFaledv} 4222 Rump and Krist (1988), APHA
G952 % 4% (1093)e] el sk Sshslet
1% 4718 BAe ARE 292 Mo} 1719
oFad (NH., NOs, SRP % SRSi)-2 Whatman GF/C filter
2 A3 F EAEAH. f718 4= TNelA] DIN
(NH;+NOy)9| zho]l 2 AFZE A #7111 F=& TP
A SRP yx2 wl Fgro=z Mgt} TSSE A|8E 045
pum membrane filtero]] o 7}3}o] 105°Cel|A] 2417k o] A}
AzAZ F A3 A - F AL Aoz AAbsA T,
BODs: Winkler azid®j o2 wj¥H ®HAE BOD probe
(YSI model 5730)2 A}43}e] 27| x9) 59 % HE
F=e] Apol2A] F3llt Chl-a ¥ =% Al&F GF/C
oAFAz o HT 5 0% ol e Sz A1g3jo] v
5 F&dlgr B4 =A 2 665nmel 750 nmel| A &
BT SA3}] A3 Hiu}(Nusch 1980).
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Fig. 2. The daily variation of water discharge at Kyuam
monitoring station of the Kum River from January
1998 to September 1999. Dotted line in the lower
graph indicate average discharge (145 m®/s).
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Table 1. Summary of water discharge analysis at Kyuam monitoring station of the Kum River from 1979 to 1997.

(Unit : m¥/s)

Coefficient of

Years\ Drought flow  Minimum flow Normal flow Flood flow river regime Yearly average
Conditions (Q355) (Q275) (Q185) (Q95) (Max/Min) discharge
1979~1997 59.1+41.8 95.2+51.5 114.7+78.7 2,504.7+1,241.1 83.5+46.0 145.1+94.9

References : 1. Ministry of Construction and Transportation. 1979~ 1997. Hydrological annual report in Korea.
2. Ministry of Construction and Transportation. 1996 ~1997. Discharge annual report in Korea.

Table 2. Average values of environmental factors in the
main river and the tributary of the Kum River
from March 1998 to June 1999. N = 8. +Stan-
dard deviation.

Factors Main river Tributary
Temperature (°C) 126+1.4 126+1.7
Dissolved oxygen (mg O/l) 12.3+1.2 11.2+19
pH 7.6+0.5 7.3+04
Conductivity (uS/cm) 218.3+46.4 260.7+£119.6
Transparency (m) 0.9+0.2 -
To(trflbsgvsvﬁsnded solids 162454  23.3+15.3
Discharge (m?3/s) 97.3+53.2 -
Chlorophyll-a (pg/l) 354+21.0 18.1+16.2
Total nitrogen (mg N/I) 3.82+0.74 5.07%£2.90
Organic nitrogen (mg N/I) 2.02+0.37 251+1.20
Dl(srf]oglvl\?;jl)lnorgamc nitrogen 1814037 256+1.70
Ammonium (mg N/I) 0.89+0.44 1.69+1.68
Nitrate (mg N/I) 0.92+0.07 0.87+0.08

147.3+58.7 291.6+273.0
94.2+329 144.5+99.1

53.1+37.5 147.1+148.2

Total phosphorus (ug P/I)
Organic phosphorus (ug P/I)
Soluble reactive phosphorus

(Hg P/
Soluble reactive silicon

(mg Sill) 1.2+0.3 2.24+0.8
TN/TP ratio 41.8+32.6 34.4+25.7

DIN/SRP ratio
SRSI/SRP ratio
Biological oxygen demand

544.2+691.2 508.0+1,096.2
322.8+745.5 291.6+676.3

(mg 02/ 3.6+1.0 5.6+5.0
o 8 AL sl HE Fo] U EqpAR elgle
o A A4s A A7)E Adslae <20misz
F7rsted sA R W3t Zo] Ao} (Fig. 2). 5037
& A Aol e 18~162mes W Ak
L 9T m¥sEA] AGEE~FH 5 7+ £FEogvt
(Table 2). 3} 9] & WEL 7139 A3t} §-99] )
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A 27.1°CE 7P =9k3 989 12e) S-FAHeA] 4.1

"C2A 7P dstem AR AT £ 126°CE 2
79 B Seh nssieich(Table 2). =3 259} 7|
FolA 2 AR 9 Aol BhE Gl s =
7(] o_Loh;]_

DOS] WEe £xmol o8 43 DO L8hwe] ol
A AHoz oo 45T W P Seol SR
o ol 3 whleshe AT Wl QugQl of

A4 19l DOE PANSIA 991 3Ye] 18.3mg O/l
2 7} =9k TAEC|A 98] 9499l 6.1mg O./IZA]
7HE Gt om Rl ik 12.3mg O/} (Table
EFelA DO2| WE 3hFfE A4S & For F
7}gte] A3l DOZF FA5H F7He A2 FoB
S S3olA ABEHIE(chl-a)9] FT FEY
oJgkoz E 4 g)glt} v F . 3}FelA] DO i}7]—

A & AE AP Kl oJuFE ol 4~
293 Aol F Aoz FAFHAH. AFolA DO
2zl ZabA A 9941 1496 16.3mg Of1ZA 713
=97 994 6ol ZHH oA 4.7mg O/NEA 71 ek
o AFeo HFFEE 11.2mg Oz/I°]°4E}(Table 2).
1) 15]\— 23]

Z3) 2w Afel FFguc WA s 2
Age 74, 1523, AAA 2 =ak o] &) sl
pHE RFolA 65~95WelzA FRRE 7.6019)
t}(Table 2). FFEo 3tF7=2 245 & Fo=z 3713
L Age Yy Aoz B d 999 3Ye] PAN~
HAGo| A 9.3~9.52 7}AF =¢t7 999 4Ye)] HAGE
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A 23t A Aol A 6.7~7.0 92 v ket 2| Fell
Al pHY EXE 6.3~9.0 H92A FFZS 7.3°)9
(Table 2). FF7to=2 2 wf 7Hdo] 6.8(6.3~7.2H3])
24 vl yeky ZAbde] 8.1(7.1~9.0 UT]);A{ 7}
9] AFE 7.0~74W9E B pHE
F olate] Al7]el DOS] F3ts} HAA o

A7|HAexE BFoA] 65~370uS/cm WY 2A H
k& 218 uS/cmeo] )t} (Table 2). AV A== HH7S
TAE®| A 103pS/emz WA oty Fhde] i3 ¥
PUKe|| A 198 uSicm=zA] oF 2w Z7}8l9]om] YON~
HAG® A= 246~ 259 pSicm W 924 = o]} ¢4
. woﬂ AR ERS4 90l Alel7} Folsisls 4
o] Z¥7} 441 uS/icme} 439 uS/cm A
de 1l 23 o] 201~261 ps/
150 uS/cm o3}z Yok
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a2 ]

L=
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F7re|A] 0.2~89.0 mg dw/l ¥

TSS&= &
oA Zhak vk
16.2mg dw/lg o} &
7} ml3 A e] 50.5mg dw/lE2A 45
A W AAH ] 27.4~34.8mg dw/l HE i)
A FE 4.0~17.0mg dw/l M3 2A ZH A
TFAo] 7hk ket TSse] w52 & Al7]¢
S| 2743 994 4%l vl 9k} =& YON~
PUY7} PAN~ HAGELD]-E chl-a 35+ o ulg
TSSE tha ¥ A B o)t
7ol <3t o] T{MW A u] el
7} FH oz FAFHG T A Foll
9 AP w2 TEE olel FYsh °§fi}ii =
A3t o=t 792 PAN~HAGT
A HAGZE Z

H < i/ﬂ TAE

=) A ol A T884
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—Er
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W)z ws} 2o
A7 SRz Baes Gashe Al Teson
7L 09msle}. Bh2 A M HukE KON~ PUYe| A
0 R B Aolrk Ardl ol AEF) Frheds
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=ZH

29] Eefo] mpe Tsse|
% % glgieh wlel] 8Ro
FA B ozt 2 Aol
g 2919 F7hue} B
Az F7H(AI% = 1009)7} 71

3) BODs
BODs= &FolA AR 7]l whel A ztell 27}
oA Ax ‘OT%J:O] 3.6mg O,/I9]c} (Table 2). 71 ¥ EoF

Ao TAESA HF%5 %7} 1.0mg O./I9] o} 7¥7‘<4;Jr f;}
Fapod AFRE FAS) Z7keed PUKSIA 3

o] 3.6 mg O./13t} (Fig. 3). =3+ BODs:= PUK o] % E1
HAG7IR] & z}ol7} ¢lglx AubH o=z AdAsH Ake
B} o] Tzt Ae] BODs2] W= 1.0~4.4mg Oyl
QI FF == 3.9mg O/1G BOD5 ZA}F A A7
o Ape]7} Z13 Htgke] 5.6 mg O/t (Table 2). #]
oA BE: Ao HFSxr} 17.2mg OJ12A 713
A ggoz vz, NAAH, ZAR, AP 3 FA 9
Loz FHFgeol 244 6.2mg 0./, 5.6 mg O/, 4.9 mg
O,/l,3.8mg O/ & 3.4mg O,/19} e FF*He] 1.3mg
O/124 743 $keket (Fig. 3). BODs s =7F 331l 243
& AN F7HR o 1BAE o kol A &

712 33t 2Rl BA 5 9l Gl vis Aok
3.N-Pg i<
NEES
25 RN Ao AR F TN = 89 06~

5.9mg N/IIZA] 7752 3.8mg /I°ﬂD}(TabIe 2). %7]
A4} 1AL HF 5= 27 2.0mg N/, 1.8 mg

Nglom] TN Fol 2HAahe 1] & 71247} 53%9)
T F71A A7} 47%% T} (Table 2). & - 815 F7relA
F710 20 2710 a) AEPtE vl 71240 7
- 2 Aele oy sRE A4S ta S
Hel| F7|-d 4y I FHashe A ¢S 2ok (Fig. 3).

TNZ $7)24 % NH7F 25elA) 273k v]g-2

Z}7Z} 24%,
891 ug N/lo| gl a1, TAES A
Aoz RE F45EE 5= (B 5231ug N/el| 2]
3] PUKol|A] o] 1,476 ug NIIZA TAE®] 38w) 4=

o2 FA F7ketaA o] ¥ &7 PANZA| 3

752 ug NIGFo 2 7H48kg] om UNGellA] 940 pg
NIZA 239 =717} 9ot HAGOﬂH B 5779
NNZ T & Zoz 7h4ashs= Agke] Faskd) (Fig.

50%%3 T} (Table 2). E52] NH,= 75 =7}
Y+ 38ug N/IZ A]z}3}ed
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3). NH. = A8 oz & wf 12~3Yo] vlwA =3k
643 9o vl viokd ZAA=R Mol BFO
Z7F °33Fe] W Aoz E 5 3tk UNGolA
zkelE o ARtk oA HAAHEYE B4 w2 5

bl A B 2AME 9 SotEA] o xo
FIZ7E oldld Aoz A=A, 53] o
g o] 7Fakar 54l o]
wof 3l ket &
(1997)2] A3y 7éf+$‘r ARk e el FestAl
2% §7189 Ea2 QI3 HEe] oo mw 9]
o] & o]of|tf gt A7} Ao of & Hlow B
Z - 3ol NOso| W52 279 Hjtel 916ug
N/IdE TN} F7]3 Aol 3] 77
stttk NH. o= &) 2|72 o
ANA Fargel w2 AAE 5
=7} 1,000 ug NIIZA] k7t
Stk (Fig. 3).

4R FA TN Hx: 21~139mg N/l He|=
A HF-e 5.1mg NI Eh (Table 2). TN & §7]& 49}
T71A A0 JFxsxE= 27 25mg N/, 2.6 mg N/19J 12,
H7)1 A AL 4% T F7)A LS 51% T (Table 2). A
FollA f71d At Fr1A e FAue ot Pis
A 712 AE A1 (4,972 ug N/I)> 1] 34 (3,394 g
N/I)>Z A (2,565 pg N/)> A A3 (2,350 pug N/ > 23
(1,949 pug N/I)> =AFA (1,872 ug N/I)> 2] A (1,637 ug N/I)
2§74 (1,196 pug N/)=0]9) 32, T7) - A= 714 (6,205
ug N/ > A1 (3,897 ug N/1)>1] 54 (3,150 pg N/1) > =
AFA (2,311 pg N/IY> 23 (1,532 pg N/ > ZAEA (1,355
g N/1)> =14 (1,330 ug N/I) 2! -4 (873 pg N/I) <=2
bl

A2l NH. = TN 7] 4xell A
242 8F AT} (Table 2). 2] F-ell A NH42]
HAoA HFEx7} 5231ug NIo2 7}

Loz AAA vEH 2 =akHe] z
2,274ug N/I 2 1,535ug N/le]gjom & =
7} 111ug NNZA 71 33id (Fig. 3). Bds =2 &
o 7P =9k AT HAE B A Re] Bl
Al Aol ARG 4 47 o] Fol L Zo|7} w
+ Zok(Fig. 3). kel A Fol Al NOs:= HF3ko| 872
Hg NI TN F7]A Aol 3] 2pA| 8l v]&2> 2+
7t 18%, 35% . NH.oh= =] ZARA7] 2 A
2ol A3 Ao dAZ #FE Bl (Fig. 3). whet
A NOg7} B5pell 2= o8k 78] FA] skt
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2) 4l

SRPE: T} oJoFd QlAbol] nls] WF kel %iﬁ}
AL NH.2F FARE A eFe Bdo TP o3t SR
P o2 36%E AA|FRI 1 H]Ee] z—TrfﬂW
T AFE 2es AA Fasdnh F - sHelA
SRP:= TAEYA FHFg==7} 7pg PNZA] w9 okar
ZHH o] 4% 239l PUKeA HFghe] 117 g PII=
A g 2 F(} rhew FrhEAe ol F R
SalslHA A5 oz Fhasle] HAGHAE: Jids=
7} llug P/l 202 robxn} (Fig. 3). YA o2 SRP

L oA A EEgaEe] dE%S A4 FoF
zﬂﬁ}olx}i 2 kA e, 1998) i
slaluiA tadt e AwEgaEe] 4w Fv)e

A J?_r%*a‘ o] e Aoz j&r‘%l JU}

3
3t NH.9} §-A}3F ke £°ﬂu} SRP= TP.4 b

T3kl 3l 50%E 2HA|E A AFH o] 7t et
Fx=7h 486 pg P MAA, rlad 9l Ak 9
2 77 @557} 379ug P/, 153 ug P/1 2! 74 g P/
vehdl et (Fig. 3). SRP2] wx=7t 7H Bddd f7-3
Ao wlmel| A AHde] HiHg oz 4wl o Fol ¥
2 45 SRPE] ofdfe] wi9- Zvh =3 Bio B
°JoF3He NH.8} SRPO| =Fo] 23] FHS-EHBRE o]
ek A7 A mpR o] AlFE oz dwkgleh 7 A
o dlz edRsrl Aoz Z =AE RFsE Al
Aoz HE {45 N - P 7kl nl#H 3t chl-a
7} AgA oz Zrbsked HAdE E 4 dH
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Aol W} N - P} v2o] A%
Qo moe 527 29o2 43 4 9oh(Takano
and Hino, 1996). SRSi= Z3}594] 0~2.4mg Si/l ¥
9)=2A] FFZHS 1.2mg SilgITh (Table 2). TAES|A] 1.0
mg Si/l, YONoI| A} 1.5mg Si/l 2 HAGe®]|A] 0.6 mg Si/lZ
A YONE 7oz A Z7eel A=
(Fig. 3). A| 7o+ SRSix 0~5.1mg Si/l W)= HF
o] 2.2mg Si/lglt} (Table 2). A F9 =+ 2HET =
of 1 3o wj-9- Z]t}. w3t SRSiE Eofol| L3ke] H
T exEA F7He] WE F Sk
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sPAAN] Sl 93 dHel ut= Fod gglo=
2 4 ollT Aaodle Arozel W4T AEEY
ZEL] &4 9 o]& (Takano and Hino, 1996)¢] Alt}3t
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Chl-a 5=+ SR/ 372 243 AP 5
7Vele oFikel FElskdo (Fig. 3). TAES| A ‘owr%lol
3.9ug/l o-—'—-i vhoton} aF2 ZA45 Fobx KANe)
A F3to] 53.0ug/199 T HAGO A 64.4ug/lZA] TAER
o 17w A= F71E $Feld (Fig. 3). 3H7 2 245
chl-a®] Z7}= T Bt= NH,.¢ SRP7} 711\?‘%] %
A& T 47b deom AR N- Pl tawt T

chi-a7} Z7lslv wetd 79 & H"r F-7kol| A
AEEHIEY WAL o]E 7] N - P Fx7t &
3t gqlo=w E 4 glglth A FolA] chl-a 3=+ 0.5~

74.7 ug/l t”%i*i 73k 18.1pg/ISiTh (Table 2).
Chl-a 2= ¢33, A 2 2349 o] 27 57
ug/l, 3.4pg/1 ¥ 6.9ug/l=A BlmA kv, w3 Az} 2
A o] zbzt 30.9ug/l, 51.7 pg/l 24 Fekom) 7Hd 3}
AP S 747t 18.8ug/l, 16.9 pgllZA] 1 F7F 5230
Fakaet (Fig. 3).
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7} AGP (algal growth potential)24] o]1} NEB (nutrient
enrichment bioassay)e} 72 AME7ZA ] A=A I
712 4= ok (Miller et al., 1974; Goldman, 1978). N}
Pl el F¥AS HEEFIE 249 ¥ 24
o F23 8F& WX == (Smith, 1986; McCauley
et al., 1989), N/P ] &2 £9] ojckatelo} WAt wa
o) glo] 470] eddes 1 ulgo] Fastm 23
o] Wa4m Frlels AFe woln pol uls) AeA
°2 N9 gegfe] w9 Z o) 1 3te] v} (Downing and
McCauIey, 1992).
Frell Al 7] N/Pule] AekE Be 3R] f4%
343?—94 PUKe|| A S4to] 222 7} o
S5 gAN 2 Aol Falste] Hahwal
HAGO| A= 1 H]go] 1,660024 PUKe| Hla] 774}
b} Z7kssie (Fig. 3). oS SRl SRz 2%
N A¥Ee gegoz P el B8 2 Fow fa
3= AekE SR N/Pr]7E <10e]W NA|8H >20
V;}"]U‘i PAlgto 2 B Porcellagl Bishop (1975)0
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Table 3. Water quality assessment by several criteria with average value in the main river and the tributary from

midstream to downstream of the Kum River.

BOD Chl-a Secchi TN TP
Criteria\Variables

M T M T M T M T M T
USEPA (1976) - - E E E - - - E E
Carlson (1977) - - E E E - - - E E
Rast and Lee (1978) - - E E E - - - E E
Forsberg and Ryding (1980) - - E E H - H H H H
OECD (1982) - - E E E - E E E E
Ministry of Environment, Korea (1994) 3 2~5 — - — — _ _

BOD: biological oxygen demand, Chl-a: chlorophyll-a, TN: total nitrogen and TP: total phosphorus. M: Main river, T: Tributary.

E: eutrophic, H: hypertrophic.

ook ol4=rt Fd Aoz Az

TN=} TP %7} Z+7z+ 600~ 1,500 ug N/I, 393~6,100
ug N/I, 25~100 pg P/l, 16 ~390 ug P/IS X3¢k >1,500
g N/I, >6,100 pg N/I, >100 ug P/l, 750~ 1,200 pg P/1S
Feojokoz BE= 7]F (Forsberg and Ryding, 1980;
OECD, 1982)e] wt2w 27{el |{Fo] 42 Hoj<f
EE HododelE HrhE gl (Table 2).
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A pAe : ¥
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T % o) TR AN FEege) 54
HEepahe sobalr] )aked 19981 3UHE| 19994 6

472 F 83 ARG 7l F AA, < ¥
chl-a2] WX o] b= @9l n)s] Z=7+okAle] =239
W 53] R N-Pe) g AR A g

.

g = 2
4] AP 2 Aoz BTG SAL SEeq

A7 AdHoz 129396 @A % - el
A NHsh SRPE: sHf= fslstan FAs
(1,476—577 ug N/I, 117—11 pg P/)3+E 2 chl-ax= 2|4
Moz F7H.0-644pgM)3he Al Festelch B

>

el NOs¢} BODs:= A7k 2 Zol7h gl dA
st A ST ES] At digh Algredekd> N -
P 3xo] W3} Wk o} TN/TP =i DIN/SRPH|7}
EFolM 77 429} 54424 WA ol NEE: P}
Az & & Ak F7159] A A=l

BODs 7ol A B35 @ X F7} g4z B4 =)o)

A e 2T #
A Ao AN A vede 23 A
FEHEH & N-PAgde] £ A3 9 24
T T wiel dHFell A A EEE

eyl

T2

AR (A TER). 1979~97. L2 R, SR,

F25 (7455 EA %) 1998~99. F7F491U .

F3A (F7437 e A). 1997, 96 F7 FHY ALY
33}, 210pp.

A7 7). 1998, g7k Fofofstel] w2 wpzfel e
AT AN wpareke] =7, 202pp

A7), 274A). 1999, 37 F7AFA e Ao d =, =3t
73 B3] FA Gt ws] 257,

A, AEF, A, o)A =, 1099, F7Fe] Heojoksl AAb
off 3k A =5 e} 3]A] 8: 155-160.
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