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Seasonal Variations in Nutrients and Principal Ions Contents
of the Han River Water, and its Water Characteristics

Sang Choe, Tai Wha Chung and Hi-Sang Kwak

Korea Institute of Science and Techneclogy, Seoul, Korea

ABSTRACT

Nutrients and principal ions contents in downstream water of thes Han River, near Seoul, meas-

ured at somowhat three week intervals over a period of two years, were shown its characteristic
seasonal cycles. The annual ranges of nutrients were 0.5-7.7 pg-at/L of ammonia, 0.12-0.80 pg-at
/L of nitrite, 2.9-35.9 pg-at/L of nitrate, 8.8-42.0 /,tg-at/L of total soluble nitrogen, 0.¢8-9.57

ug-at/L of phosphorus, and 3.0-15.3 mg/L of silicate, and thesc were lower in spring and fall
closely correlate with phytoplankton blooms and higher in winter except ammonia aud silicate
contents. Annual variations of BOD and COD were .10-2. 14 mi/L, 0.88-6.82 mg/L, respectively.
The ionic concentrations of Cl, Ca and Mg were not high of which Cl 5.0-13.1 mg/L, Ca 3.7-9.1
mg/L and Mg 1.5-10.4mg/L of annual ranges. Fe ranged 18.5-82.8 pg/L, Mn 15-58 pg/L, Cu

0.3-4.7 pg/L annually. In general, the Han River water is low in nutrients, mineral contents, and

may be said not yet polluted, excellent quantity and quality of river water.
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Fig. 1. Seasonal cycles of water temperature, pH, CO; and O,
of the Han River water from 1966 to 1957.

BRsl & Zolzlz A=zhAo (Fig. 1, B).
BEZBRLRERS £H 6.66~26.84 ml/L
(16.38ml/L) 2 #&3x, LEKAAE 6.82~
26.84 ml/L (16.95 ml/L), TF@KolA 6.66~
24.42ml/L 24, LEKAA 4 22 58S}
Bz Qg 4 A4, 6 Bl KBS ol %
3, 58, 10H, 2~3 Bd BfEE Jeliz gle
v, —Ed ERLE BESH] P d (Fig. 1, O).
HEBESS R 5.54~9.83 ml/L (7.48
ml/L) 2 #ghsts, LKA 5.79~9.75 ml/L
(7.49ml/L), FREKoIA 5.54~9.83ml/L (7.46
mi/L)e}=, K@gd =2 ZBERE AY 5
ot 28 v BEBREES KE R e
Z gge guEs R, oAl Khe Bm&KS 4
EH, BERESY 8 A kel BES

AR Ry s KRS BEBRRES &
KRR Fra, @EAGEEAA 2+, 4714 K
B BEBREEA ) d AZd HERBERE 2o
F3 4.

3 BHBREES I fMEdA Edd, o
Ao EH 90~106% (97.9%) = BEHI= gL
o, k@Kl A 94.2~104.0% (98.3%), T
oA 89.6~106.0% (97.6%)2A LJgke #fn
B o7k 22 el Uk FHiNWeEZE &,
B, %Ed 97~103%9 2 #fEsL #iFs
3, KXF 95%RIHERS BAEE YEliz gle
vb, YIRS o}A fEH 95%LA kS EREEFES

5 st 9 823 F)KE ol Fx v
= A¢ o4 4 dd Fig. 1, D).
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Table 1. Concentration of nutrients and principal ions of the Han River water.
Surface Bottom i Whole water
Ttem T C e
Range Mean Rzmge | Mean | Range Mean
W.T. (C°) 0.2 — 70 133 0.2 — 27.0 132 | 0z -27.0 132
»H 6.5 — 7.4 6.91 6.5 — 7.5 6.98 . 6.5 - 7.5 6.94
0, (ml/L) 5.76— 9.75 7.45 | 554~ 9.83 7.46 | 5.54— 9.83 7.48
O. saturation (%) 94.2 —104.0 °8.3 ' 86.6 —106.0 97.6 89.6 —106.0 57.9
; (
CGC, (mg/L) 6.82— /6 84 16.95 6.66— 24,42 15.81 6.66— 26.84 16.18
NH, —N (pg- at/L) 0.45— 7.€5 ; 1.28 0.83— 7.54 3.€0 | 0.45— T.651 4.06
NO; —N (ug-at/L) 0.14— 0.78 0.8 0.12— 0.90 c.43  0.12— 0.€0 L0440
NO; —N (pg-at/L) 2.66— 25.C0 17.26 3.0~ 35.85 17.¢5 . 2.60— 75.85, 17.65
"~ H
Total S"“lb‘e(fg_at/u . 10.04— 41.86 ©  22.07 8.83— 40.89 |  23.01 8.83— 41.96 | 22.54
PO, —P (pg-at/L) 0.C5— .44 ! 0.22 0.¢8— 0.5 0.25 0.C9— 0.58 | (.23
Si0, —Si (mg/L) ' 3.80— 15.20 8. 49 3.00— 11.72 8.06 5.80— 15.50 |  8.17
Cl (mg/L) 5.02— 13.07 | g.11 5.57— 12.04 8.91 5.02— 13.G7 8.67
Ca (mg/L) 4.21— 8.€8° 6.€4 3.66— ©.11 €.54 2.€6— 9.11 .59
Mg (mg/L) | 1.58— ©.£9 4.€1 1.84— 10.25 5.15 1.54— 10.35 4.3
BOD (ml/L) i 0.50— 2.14. 1.14 0.10~ 1.¢5 0.¢3 0.16— 2.14 1.¢3
COD (KMnO, mg/L) | 0.88— 5.C0 2.45 1.C0— 6.82 2.€2 0.88— 6.82 2.53
Fe (ug/L) 18.5 — 82.8 1‘ 4.9 18.5 — 77.7 40.8 | 18.5 — 82.8 49.0
Mn (pg/L) 5.0 — 52.0 | 32.0 15.0 — 58.0 31.0 15.0 — 58.0 32.0
Cu (pg/L) 0.36— 4.66 | 1.54 © 0.80— 3.42° 1.87 0.20— 4.€6 1.45
2. SEWEC FRL HOEESF P el 4=, Bifkel 93t &
BT HOKERS dmviol, GREME, N, ""@%%0 *E{EKP Bayel ot (Fig. 2, B).
e 28, BEEY BRETe 5% = 4EFS 2. 90~35. 85ug-at/L (17. 65pg-at

{tE Table 1 @ Fig. 2 & 7o},

o] & rm]ol: 4R 0.45~7.65 pg-at/L (4.
06 pg-at/L) 2 $8hstx, LKA 0.45~7.65
pg-at/L), FR@Ke A 0.83~7.54 pg-at/L (3.80
peg-at/L 2 A, ERKS SEe 4 o d=
el HEe FEHe @oﬂ/ﬂ FFAIEHA 183E5)
» 9oy, F, HF B2, K, BFe 22
flel gk, JAMEE 12 A9 <5 0.5 pg-at/L,
Bt 8 AFS 1 HT19 oF 7.5 pg-at/L o
ot (Fig. 2, A).

EEZEEE-S 4R 0.12~0.90 pg-at/L (0. 40ug-
at/1)9) fERE #Ehslz, ERKAA 0.14~0.
78 pg-at/L (0.38 pg-at/L), FREKeIA] 0.12~0.
90 pg-at/L (0.43 pg-at/L)2A, TR A 2kzb
> Eh e 8l ﬂ?ﬁiﬁ’ﬂog: #,
Hﬁwﬂ g3, K l——om] o ge W

2. O \H

s A W L N E S

e

s,

/L giges sehsts, LEKlA 2.90~35.00
pg-at/L(17.36 pg-at/L), FTHEK A 3.20~35.85

pg-at/L (17.95 pgat/LYEA, EREKAA 4
el . FTECEE F, HKFd ¥z,

W, MEELH @nEE &% 3
Arigel kel FRFEFEE 36 pg-at/L o
Eete) WME Y, olAe F, MY EyEda
£ k@yERS FE BET A Bels,
olWl HFol+ <F 2.5 pg-at/L, FFel& 7~13
pg-at/L 2 =77 ZifkEEo) ?ﬁi‘aﬁlﬂv}(ﬁg-z
hmol, HEEMLEE, FEEES & ﬁjm:'ré‘
#9 2EL F[H 8.83~41.96 ug-at/L (22.54 pg-
at/L) 2 s#E)ets, LRl A 10.04~41.96 pg-
at/L (22.07 pg-at/L), TREKAl A 8.83~40. 89ug-
at/L (23.10 pg-at/L)EA, 92 ThEKe Gl
7t BEEhslT, 2 @B

B, £F w2

3HT A% el we
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Fig. 2. Seasonal cycles of nutrients of the Han River water

from 1966 to 1967.

Totel Soludblo N {yz_at/L)



LS AREERA W SEEio] 2ol sk 31

2R o] HEMUE KALD ot =bElA FEINE
Bx ZifpiEel A KRE/NESIA R, KFE
o & 10~15 pg-at/L 742] K5z, BFR & <
20 pg-at/L, ZFelE <F 40 pg-at/L 7}=] #jns}
E s 3le d=H(Fig. 2, B).

iR o 4ERT-S @S]4 0.09~0.58 pg-at/L (0.
23 pg-at/L) ] HEZ #ENSI I, EEKNA 0.09
~0.44 pg-at/L (0.22 pg-at/L), TREKAA 0.09
~0.58 pg-at/L (0.25 pg-at/LYBA, TFTHRKS %
Fol o7t ®oh BERICRE K, B, MEd 2
A 0.1~0.2 pg-at/L 24 719 —EFES A
F3, A igsle] 2 Grhfudl & R BE
{#9] 0.4~0.6 pg-at/L o] ol =&}, #F, FRS]
HMYEN 2o KRN & HkEe ¢35 o
WHES °] 0.09~0.15 pgat/L AExz KEs| &
Aol ER Y (Fig. 2, D).

FEEpEN-O 47 3.80~15.30mg/L (8.27 mg/L)
2 spEpsls, LRKelA 3.80~15.30 mg/L (8.
49 mg/L), FREkel A 3.00~11.72 mg/L (8.06
mg/L)2A, ERBKke &kl w2 el 3,
Iz FERELS FEHT H/ES AT THEAU
3 S sl glew, M EEEE #KHR
o] 15.30 mg/L o]z, BEfEi+ 1 ArP{0e) 3.00
mg/L o9} (Fig. 2, B).

3. XEo|2me BOD, COD 29| F#{L

BWITF kgl A 9 Cl, Ca, Mg, BOD & COD
o) 4ER{kE Table 1 @ Fig. 33 2

Cl= RS @31 A 5.0~13.1 mg/L (9.6 mg
/L9 fEE wmEEs, EEKlA 5.0~13.1
mg/L (9.1 mg/L), FRKelA 5.4~12.9 mg/L
(8.9 mg/LYEA, £, TEKY 8= A9 ¢
o, FEIH BHE WA gvh. ohdk 1966 4°
o+ 11 A& BAteld RIS A& 5~8 mg/L
2A Ao —gsgent, B4 11 A3 1967 42
el A 5 B7A & 10~13 mg/L BEEE @3] of
&% 2] 052 ffAe] wele Hel HBSF, f
AL g Clo Hiese] vty Zlel Ml
51t} (Fig. 3, A).

Ca it 4EfS @A 3.7~9.1mg/L o A
2 dEhsta, EREKelA 4.2~8.7 mg/L (6.6
- mg/L), FRkel A 3.7~9.1 mg/L (6.5 mg/L)

2A A e EEsE gled, ezt
K, Aol mom, fyfel fEER doron),
o e WA vk RSl BANIE AR
o2 Hagel 8~10 mg/Lolgdom, H/aLfiy
12 A9 3.5~4.5 mg/Lo|glt} (Fig. 3, B).

Mg i 4ERT-S sl A 1.5~10.4 mg/L o] i
(2 BEE)Sls, LJgsRkel Al 1.6~9.6 mg/L (4.6
mg/L), TRkl A 1.5~10.4 mg/L (5.2mg/L)
EA, FRAKS {dte]l b4 B FMLeR:
¥, B2, WRE A 1~3mg/L 2 A9 -5¢h:
o] HeFjw ebo), Kol #fnE o], ol = 8~10
mg/L o] {rixel] o] 2AF| o}, FHFell A FFo| #
H AR E = RS 295 o (Fig. 3, O).

BOD = 4:iil-& @A 0.10~2.14 ml/L (1.03
ml/L) o) #lEE s#bata oz, E@KelAl 0.50
~2.14 ml/L (1.14 mi/L), THAK4A .10~
1.95 ml/L (0.93ml/L)& A EJgike BOD 7} «}

A EZ, WA EE, BFel sha, Kopel
T OEREE ol v 2k e XfET 4,

B, KFEY 0.3~0.9ml/L o3, 7 #Hids &7
9 1.5~1.9ml/L o]t} (Fig. 3, D).

COD & #:#¢ i#sl A 0.9~6.8mg/L (1.5mg
/LD 8EhE e, EEKel A 0.9~5.0mg/L (2.5
mg/Ly, FREKe A 1.0~6.8 mg/L (2.6 mg/LY=
A Al ERsF G, ERS @A ga R
ARt BEhs sl slew, BAfEE 7AW,
%o oF 1mg/L, HiEE 3 BH4YY 5~7 mg/
Lelgdet (Fig. 3, E).

4. Fe, Mn, Cu B°| S8t

HILT KA Al o] Fe, Mn, Cu g9} 484t
¥ Table 1, Fig. 42 ).

Fe ®&-& 4[] 19~83 pg/L (50 pg/L)9 HEZ
swEhel s, LREukel A 18~83 pe/L (50 pg/L), F
Rkl A 19~78 pg/L (50 pg/L)EA A Y ke
EEIL 9z, FBHINOEE B ME A
A flke] &3, ZF Aok o AL Mkl 7
o] 23 (60~80 pg/L), HAUHC el A&
(30~50 pg/L) E8R{LE o] F3 v} (Figd, A).

Mn -8 4:0 15~58 pg/L (32 pg/L) 9 #ilH=
gahel s, LKA 15~52 pg/L (32 pg/L),
TR A 15~58 pg/L (31 pg/lOERA 7 2] 7
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Fig. 4. Seascnal cycles ct soluble iron, manganese and copper
contents of the Han River water fram 1666 to 1967,

B 225 glon, S BA 15~35 pg/L
o FES JEbY, ME, Xk 3 Byl
50 pg/L LI k9] &iEE Jebd Ao (Fig. 4, B).
ze v Mn &2 BK#HAl A3, BKHel w2
fEre] xeleh

Cu 2 FRIS Bl A 0.3~4.7 pg/L (1.5 pg/
D @Es #5stz, LEKelA 0.4~4.7 pg
/L (1.5 pg/L) FREKAA 0.3~3.4 pg/L (1.4
pg/L)2A A9 EEI dor, BFAA KE7
zE 0.5~1.5 pg/L 9] &fEE Vel sz, X5l
+1.5~2.5pg/L o #iEE vERH, Mn s} 2ol
kg A3, EkEE A&l B fudel
o}, 28} 4~5 B9 3.5~4.5 pg/L o RE
o WEe 2 BErF A8 g9 (Fig 4, O.

= %®
wIL A Bkl el

{1755 of

9= mE WES ALREE B#AvZ Sl
o, gelA AELS & HET PHE, (LBH
e 2 Qg etz 5 dd. KE
o EAEme S oM B, MR-
Sl | g olulel, FEolA9 {LE{E
Hol & ##s BEH/T 92, &¥Ees E3aE
MY B PEETYHEY GRS BReE £
et sprte] VR sla, o pHEL IEFE A
ul =R LRTE e 4AFH BRAdE Rk
e A= MLl Bilistel, & BRES HRE
2 wapee wide] Flx Ak PUKIEY  BEK
BfFFgeel glo] Al Hutchinson (1857)& =1# ¥
FREES B EEe o2 old (LB
Sz 2 KESEE b BEieE K
B gl WES RES fidx st
LTRG-S 12 Akl A 3 AUz & &
kil =, W IFelAe JERY KEEFS 0.2
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~27.0°Colat, o 4RSS oF 27°C 7 519,
el < JwJ\ - 13.2°C 7F =l et
1R 6.5~7.5 2 #FE)slaL, 2 Al

T 6.94, 712 el bbE st BAKE
7

5: )
F\t‘

WERRASEES fENE 5.54~9.84 ml/L 2 %53}
I, RiEEE 8 AXY EERAd, 282 &E
e 2 Aeiue ﬁﬂiﬂm Ffoll o] Foixn], o]
o o P, b2yl EEC el oKt
&= FHHS ZrE RANY GaihEe Aoty
ook zelx JFEESS] MMET 5] #,
A} BFURAEZL 5, BhEKel A LRl of
b 5 FE Y, JERD 0% mAEE FESA o
F 2 W)ikE ol Fx2 91’: 7401 T§el o).
SR TELE, HA, MO = mnEe K
e obd HAE EREAE %aﬂ o, Helx
%L‘r?—— Ao HYKE BEY ARToEAR

5] iEiTetdE g WE ot Aek ol
2 New York ¢ Hudson /L i1} A& 1850 44K
o 79 100%9 BIWFEE 2Rl 19104

[y

Jiol = ok 70% 2, 1916 40l & 45%, 1937 4ol
% 40% % &%= 3=, = London 9 Thames 71°

Himel A 1890 4:Re] A EEFEMEFEE 30
%i EFS] o], 1910 4EfRel = ok 25%, 19204
o) = 0~5%2 Boi=x Al 1 B (Torpey, 1967)
g 2ule H4H3) BiHstder & Aeld. 8
ol AT AnS Einet EEREA ¥ KH
ol Aotz el, oA ELIZ #HTHEIK
L EEEIKS] B pfsR] gE R

¥+ 9

B 1ARE B’it HEEE dmvel, HER
B, R, HEE Y BRES2 KPEDY R
Bol 218 WK REWMS olFx slow
ol RS9l H{LE 1]l fiE-e Hutchinson (1957,
Sawger (1965), Mackenthun (1965 a,b), Feth (19
66) 52 A v EHHdA A BT Ao
o AEY FEHU BE, B, HFRTL 2T &
Bk kol 2] st =, o] T HHKe ARM
aholl & oF 400 EEo] 5 o], o2 HF 1
m? & 7,733 kg o] FES = &l . #H 2
{be KRN & Fid s, Van Wazer (19

o

,LJ

SR

610l ol sbed flol = 10" Eoll #3le B9
faiel slekbs el sl L, HE Aol ‘1:4(4
2pookHiel 60% Ll tzo] TRRAbREH (S10,) = R
olAE e EIRT {1
o AP s L AREYEC st
olzl=ol MftH el v} srwlol, mEEE, #
Boz He B B el AR%HE
of 9% —KkMyel Bt fl=stE MERE A
Hele Fjikel & HER REEHT A5
ct.

BT BIKAAE dRYehs 4R 0.5
A2A8D~7.7 pg-at/L (8 AR E H#Ehst =, 4F
fFiie 4.1 pgat/Lolvt, T3 FHEIRE
fte BEAETF7E ol

ERRIEEEED 2 o] wWRlokex), ERG 0.12 (12
F190~0.90 pg-at/L (123K hstz, Kf#
ez EFel 43 Ko o

LR e 2.9 (6 Adfi)~35.9 pg-at/L
GAFRDZ EEste, HFF Rl BiEE ol
i, FFel o @mel e, XFA FERY K

iz deng

BEE ol FE RAIE FHEES 452
ot olzl e Figel A FHRd WEPEYa el

HE, WEY KEIERA MEs 2 AR
Rolztz & F o

dmol, Bl BEES AT WEHE ER
tawe 288 3#HF /M4 Bel BHG =%
Hol Wkl SALEC, oA A 2L FHE
Eg 2o F3 e

o 428 0.09 (11 AR~ T D ~0. 57 pg-at
/L (2 AR ez #Estn, &, H, BFd+e
0.1~0.2 pg-at/L A 79 #Ehe] glezl 2o
O, s Bkl el T3, X5
BE e EHEBRE 2ol o, oAE HEE
® ol HYIEH 2 EL] KM = FFe &
o2l & BRIl S ol & BEEHEET-S s
#, BFY HPEdars KBEHEAE K
ganyo g Kgs ], 98] ARt 2EFEEC 10
~15 pg-at/L 7}=] pEEs] 2, @hEgEEe] 0.08~0.
15 pgrat/L 2 K#s £ Ao HPEPaEL B
A AT HIRERCZE fERY Y oldite &
F o fEES| #its wolok & =tz sl
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Table 2. Estimate of nutrient contribution from various sources in U.S.A.

Xitrogen

At

Source
1,000 tons/year
409 (‘— /25

>453.6

Rural runoff of agricultural land €80.6-6805.9

ﬁl:;ial runoff of non-agricultural 181, 4- 862.9 i

Domestic waste

Industrial waste

Farm animal waste >453.6 :
Urban runoff 49.9- 499.0
Rainfall 13.6- 268.6

t

* Insufficient data available to make estimate.

0.1-2.0 \ 1.4

(by Task Group Report, 1967)

: Phosphorus

Usual concentration | i Usual concentration
in discharge(mg/L)

11,000 tons/year 1 in dxscharge (mg/L)

18-20 } 90.7- s | 35-9
¢-10, 060 } *
1-70 1 54.5- 544.3 | 0.05-1.1
0.1-0.5 68.1- 340.3 0.04-0.2
x ¥ * 1 *
1-10 5.0 -77.1 : 0.1 -1.5
|

0. 01—0 03

Table 3. River dxscharges and nitrate mtrogen contents in the Han River and U.S. Rivers.

River e e e
Range

25 of small size rivers } 0. 01-0. 059

51 of medium size rivers ‘ 0,10-6.99

33 of large size rivers l 1-2.34

Han River 1 0. 0014 0.° (90
.

peERE o 4ER] 3.0 (1 At ~15.3mg/L (4
Rz etz glow, °12‘d—‘°: FHE FH

FEHS =71 i+

od HEEES HEY AR KRED
BRES BEA LEH Ao, BAT &2 o
AEY BAT FE HHsh] fREbkEA Y =
3 HAE EAvlz, Hd % ERE S
Az, = K EERKEA A TEE
o] 97 B}, American Water Work Associat-
ion @] Task Group Report (1966)¢] 9| 8l=, HA
EHAAE HFEKE KFELE e 56%d &
Aokl A Eidel 2o HiRdREel SFE
A3, EXEANKERAANE AFEES HEAYL
BEE s o3 E MEEZ Hololrh. ozt M
iisto] Task Group Report (1967)¢} & HEH
ol A9l HljlkRe HAEE GHRE @ERe B
o (bR gt Table 244 2 3l&
BIRY E MRS ¢8FZ A

o] Aol <5k
BEHEE ostel AR E 2o #Y (L

Dlscharges (cfs/sq ml)

j Mean dlscharge

NO3-N content (mg/L)

0.79

0.035 }

0.48 j 0.64
1.42 ‘ 0.48
0.0135 ; .25

me Bx = dxnt —FERIK, T3EEBEK
A E HHEE fol AR Avte FHelot
= Feth (1966)¢ 2 KBS} K/)~ 10918 )17k
o ZEfEEe 48e Table 33 2o, XK
oA fEel Az, ANEJll A Hiel 2, o
AL e Zxme FHEe] e AL B
Qon, FuFY PEMIIKS] FHEERL F
Bol 33fF Kimlikel el £ xe) =
2| oF-o g3 AT R v AL G Y
ozt szl

2]z K#Kel sl Yt R LEE
A Cl, Mg, Ca, Hith #E EET dow,
o|AEE TV 4UMES AfFs g Rt
da, #3| kY MESEET ARKEAY
FiRmEAA =19 RESRT BEES R e
=] (Dubois and Geiting, 1959; Dreisbach, 1961;
U.S. Public Health Service, 1962; Taylor, 1963;
Warren, 19655, 34 o 58S &8 EXA
KEAE FEMEY HR&E] Exkez g
ITHE SEEERA A S EERKA AF W
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Tab]e 4 Companson of some ion contents (mg/L) in the Han River and world rivers.
River ( Cl ) \703 Ca Mg Si
Potomac R i a a o 1‘ "
(abeve Great falls) 3.30 0.8 “o : .40 3.09
Mississippi R. o . s o ! o
(New Orleans) 10. 31 0. €0 4.C3 1 8.53 5.47
|
Amazon R. _ G ap I ,
(between Narrows and Santarem) 2.21 12.46 | 1.52 5.18
Thames R. ( Y ;
(Thames Ditton) 14.14 0.52 B1.87 ‘ 5.350 ‘ 4.14
ey 0.95 — £5.66 476 1.00
Elbe R. | a f
(Tetschen) 8.69 5 0. 47 30. 86 5.37 ‘ 4.94
Danube R. ] |
(12km below Dassau) 4.14 ! 0.49 45. 85 11.61 [ Q.19
Nile R. . _ !
(below Cairo) | 3.57 — 15.84 8.79 3 9.39
"Han R | | ]
(Kwangnaru) { 8.97 } 0.25 6.59 4.38 ( 8.27
\
Rain water * 0.5 | 0.2 0.1-10 01| -
I |
* from Hutchmson (1957)
Table 5. Comparison of some trace elements in the Han River and
various water systems in U.S.A. (1958 1962)
Range (pg/L)
River system B
Fe Mn Cu
Han River 18.5—82.8 15—58 0.3—4.7
Ohio River 5—100 6—30(100) 1—100(300)
Colorado River 10—300 — ‘ 2— 50(600)
Missouri River 4—200(500)* —(80) | 1— 50(400)
Mississippt River 6—100(700) 9—50(100) 1—100(600)
Columbia River 2— 90(3C0) 3—5(70) | 1~ 50(100)
Great Lakes 3—90 5—5 ‘ 1— 50(200)
* Figures in parenthesis show an unusual values. 7 o
U, ke Cl, Naol2 inEHEKRe| EEEsHA @ el ohvx, MEES @il Lo}

bz 9ls, #BE9 Ontario #o) A & 1907 £
ol A 1966 E7H=] 9] oF 60 4E5-qkel Clo]-&2 7
mg/LelA 27 mg/L & ol T3 4157 8@
o, #ikEd g AP B gEe T
et (Dobson, 1967).

BOD & 4 0.10 (5A%)~2.14 ml/L (121
D2 #Hsle, F, H, I ¥z £Fe] &
oml, #%3] 12 BelA 1 Bol A3 BiEs 429
COD ¢ |} Bafiste 2w, B AEE

E
154

BRelDx SFAY, olde]l —HE BH
PR Lligel EMOIA A, BOD 7}
1L8ml/L7k 9% AL HREKEES dodq

H} (U.S. Pub. Health Serv., 1962).
R EEm)ieg Cl, Ca, Mg, Sise9 &
(Clark, 1924)=} H7Ioke] 2719 #Hite Table

1900 4 Rk A 19
B Aol 2
& il

48} 2}, Clark o) #ppl=
20 4EbE 7L 2] 9] RS BHRIE
= ) XN IKEY {7} 019‘17&2]
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IKERL 30859 KEMRRER 2 B cha T
ke KES EEKLE KBS 2 4 9. Cl9
AEE #+EF]9 Rhine, Amazon{Ivvle
=, b2 Bl HEbd EEHEz w7 ‘E%J-,
Ca 9 AES BEEMCZ ol LK #OKY
d #EE Es) Jehx Y=, Sie olzE
3ot 4t & EE Y2 Ao

BT TFHKS Fe, Mn, Cugl 4S8 XH
fliZkel =2 (Kroner and Kopp, 1965) 7 ¥t
3hd Table 59 2t Fex 300 pg/L B kol A
= T hE B 7w, el XS 5
A=, Mn® 50 pg/L LI EA A& gene &Y
BH el Az, Cute HWES Afld
5 MIEF JrEolvh, 1,000 pg/L LI LA E
of EEE M. BTk Fes &ife %
B ke 278 g4 Boy, EiEE 2
Aeo g3, Mn2 HER &l wel, #ER
BORIKARE S EFRME 100ug/L (U.S.Public Health
Service, 1962)o P3iE3dlz 9o, Cud B& %
Bl a)iike] Bel el 1/10~1/20 01 2|1}
B F2 KEE HIFRZ 9

UEs Ze #R2 wel, 5ifE F1374%] 9
Wk KB oFF #3) @238 o HEL
A S 22 U 289 @ikt okl A
Byl HBEE 2ohx| ukx] g ELiREE
e AL BRSE Uy REE &9, 29
ool 2 R KERERS #WEAAs o
Yah, obd REES Afrt 2ol L AN &
Foa & 5 doH, Bk Ane B/me #ix
E¥e HE ==t oA Ee) e i
geel oy 2 fabglks Rastz gl %iﬁ@oﬂ/ﬂ
= HhFEKY KEEEE: A3 edE, o
vl W4 FEESC 2 HFEES 9z °‘21—:@‘U
b Az ookt SRl BT, REIL, SIS
9] 7d}il7kE& Thames T, Hudson jI° =% &A1)l
A Beuiel e £ FE ulEodE ¥
AolH, olHAEY KEFEL EANLE RiFH
o, ZEY FEAHA Lol Y5E FThHsleof
@& Zeld.
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