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The State and Sources of Contamination with Heavy Metals and Anion in
Stream Within Chonju City
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The Chonju and Samchun sireams are passing though Chonju city and several contamination sources are located
along these streams. The Samchun stream joins the Chonju siream in the Gosapyeong wasie disposal site and the
Chonju stream finally joins to the Mankyeong River. The objectives of this study are to determine the state and
sources of contamination for heavy metals and anions in the Chonju and Samchun streams and to evaluate the
effect of these streams on the contamination of the Mankyeong River. In order to select sampling locations, a strati-
fied random sampling method was used. These streams was divided into several parts according to the expected
contamination state, and samples were selected randomly from these parts. Generally, the water qualities of these
streams were generally below the Drinking Water Level at the time of sampling in various heavy metals and
anions. However, the levels of Al, Fe, NH3-N, Cl” in these streams could be higher during dry season due to con-
tinuous inputs from various contamination sources. This study identified several contamination sources for these
streams: two waste disposal sites along these streams for Fe, Mn, Al, Zn and CI7, the Chonju Waste Water Treat-
ment Plant for Zn, Mn, Cl, 3042_, NO,-N and NHs-N, and the untreated sewages for Al, Zn, Mn, CI", SOf‘,
NH;3-N and PO,*. This study also revealed that the Chonju stream itself is an important contamination source for
Fe, Mn, CI” and 80,% in the Mankyung River.

Key words : the Chonju stream, the Samchun stream, heavy metal, anion, stratified random sampling method
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Fig. 1. Map showing Mankyeong River watershed, sampling sites during survey of the Mankyeong River (gray circles), and

study area (boxed area).
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Fig. 2. Sampling site map of the study arca. White and black circels represent, sampling sites of stream water and ground
water, respectively. For a stratified random sampling, streams are devided into 9 strata (Roman Numbers). Bars indicate
boundaries of strata. The arrows represent inflowing points of sewage, leachate and effluent water from contamination
sources along the Samchun and Chonju streams.
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Table 1. Explanation on strata and sampling sites in the study area.

Stratum  Site Number Explanation on Sampling site
Downstrear 1 The lowest Chonju stream before junction with the Mankyeong River.
I 2 The lowest stratum in the Chonju stream.
1 3,4 The stratum after inflowing of the eftluent from the Chonju wastewater treatment plant.
m 5 6 The stramm after inflowing of the effluent from the Chenju industrial complex.
v 7. 8 The stratum before inflowing of the effluent from the Chonju industrial complex.
v 9, 10, 18 The suroundings of the Gosapyeong waste disposal site.
VI n, 12 The surroundings of the Majeonri industrial waste disposal site.
VI 13, 14 The stratum after inflowing of the effluent from Daehan textile plant.
VI 15, 16 The stratum before inflowing of the effluent from Daehan textile plant.
16-1 16-1 Sewage inflowing point.
IX 19, 20 The middle Chonju stream before the Gosapyeong waste disposal site
Upstream 17 The uppermost Samchun stream.

Table 2. Explanation on Sampling sites in the Mankyeong
miver.

Sampling

Number Explanation on Sampling site

The estuary of the Mankyeong River

The Tap stream

The tributary of the Mankyeong River

The lksan stream

The Mankyeong river after jonction with Chonju
stream

The lowest Chonju stream

The Mankyeong river before jonction with Chonju
stream

The Gosan stream (Sinchori)

The Soyang stream

10 The upper Gosan stream (Osan}

11 The upper Gosan stream (Namsan bridge)

12 The upper Gosan stream (Gyungchun reservoir)
13 The Chonju stream

14 The Samchun stream
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Fig. 3. Continued.
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Frod v A% AT

A 27 oAkl of e HelEy] Ee] o
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el Al Fe, Mn, Zn%g 2|3l B}, 2APE
7] PR FH KEle T sk gl e} 2o
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=A Vebden A&e] Al Mn, Fe, Zn 355

= alEaol vEled Zhzh 23 oF 14w, 119, 2064,
160718 =& e BEgri(Table 3). Mn Fedl =
sl 2B e 28R 7)EAE 7 32 oF 24,
1008 2FEke AU, ZAPE 287] oydge] A
25 o2 52 Al Znd 855 E Y £ 9
2k ole 2#47] MyAEERE YAHE JAEert
AeE Edled FHCE FRlEoR2A Al Fe, Mn,
Ing o1z FE3e AYE 2 £ 31&
Fo] 513 FYoE ¢sk] 19969 o THEACE
A 5 677 Fe, Mosmrt 53] B3l Aoz 2
ZHtHeakE =, 1998).
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Eokch, AFsrAad A s E Al 3
A 277 vwEld AR SEwes Fuert A 2
TFErelA TARET Fee A 277000 85w} o
7 FrElR e Fgxel] gloiMe SRRl Tk
st oz vhEldnh Med 8EFRs 55 BT
A 3yziel vls] A 27l of7b FrlEla Znt
A 2pelA FREA Frise Zoz JEldnh &
§ AFE AT POENE AUEE fEe] AFEY
B fodEe fEEa o gvke deddE3 73S
T, 200005 T o, AFEAEFe] Al Feol
disire &3 ot i dE RT3 glon
Mni} Znell caleliz eg9lo] S g2 A

42 F0|2

Table 4%} Fig. 4= WFA) 343 ZAP) shnest
Aslre] Zolg B4 Axelrh. O SO7 ke A
FalFAE Y ARAAE 1619 8 e9els 2 2

Table 4, The amounts of anion in stream water (A) and
groundwater (B).

(A) (mg/L)

SITE Cl" NO,-N NO;-N PO/~ SO, NHj3-N
Downstream 4677 071 276 ND 9227 225
I 4140 059 263 ND 7050 1.14
il 2865 007 256 ND 4781 162
11 1041 014 240 N.ID 141 N.D
1\Y 2191 036 220 ND 1696 ND
v i1.98 017 290 ND 1502 03l
X 900 ND 287 ND 128 047
vl 1671 ND 200 ND 1511 ND
VIl 970 ND 180 ND 1235 ND
VIII 1001 ND 18 ND 1180 ND
16-1 580 ND 005 426 2474 2236

Upstrean 767 ND 185 ND 1208 ND

(B) {mg/L}
SITE CI' NO,-N NO-N PO» S0, NHy-N
fir) 7532 ND 008 ND 243 ND
p3 3140 ND 015 27 168 796
pé 1841 074 202 ND 1816 236
p8 2892 ND 005 01 068 ND
pl2 3570 ND 020 ND 09  ND
pl3 3680 ND 012 066 095 ND

leachate 473580 ND ND 105
N.D=Not Detected

379 2385.04

o7} flom sFake s wekgt $71 Ak veEd
CHFig. 4). 3T Sl 2 Rl Al 277 e %
H FZ3] F7lEe] wFekpAed wRIvE O
S049) 4 71gle] g& At £ A7eldE Al
B AFHA AFE B 92X 7ledA 243 gl
¥ oshrA el BEE 98 fElR 2lgich 2
Az AFE AE F el skt 993 g2
Hx] g Wil s shke Al 27k A8s
W] datel HA vepln Bt Efol 2 olF
o3 HEFE A5E olF WHT ol s
Vel st A RellM ol okl HA Fris)
= e eItk AFEeE A fYEE 16
W Sre 22 g visied B we s
SO E=E BT uEhs AFA) dkde) CIra
SO ede 2 viANY skrst sy o
Foll o AYL omEth 16-1H &5 #9l7 &
Fol skFollA AR kg vl o5 fold o
o] F5g S71Ee HolFR] g olis F AH
ol A2 sl fEel sREe] vls o-$- Fst)
o) o},

nlde] W 2a7) oiEet AR 2] Wiy
T PR A 5, 677 2 s Al 47k &
Hprl olE iRl shir) o)He] AFH A
2] 448 el Al 972k A 7rgke) Eigee)
vjg) ef7b %2 CIra S04 ¥5E BTy it
(Table 4, Fig. 4). XA 2387 dd A&+
(47358 mgll)2t 915 x&#(1841~75.32 mg/Ly7t
X sEA(11.98 mgLell HEt mje =2 O 5
EE HaZ7 9= AeZ Hol wANY njgake 3
Sp7t 3ol HA YAl F9lEY YES AAgh,

NO;NE& H23g Beofe A 577 3Apg &
gl7] WigARD ARl AFH FHA ohHe A
23l HAR AR Ay XEGLem Ao
B TRE A%E 29PN sirde e sy
B} ofg- 2he ool TgEo] 2UATKTable 4, Fig.
4). =hte] 2] 2a7) =R =E Al 67 S
Tlle] NO-NE2 ARl Al 77l viskd =2
FA QAR AFH A o7l HlsiM s w2 A
of, AR 2te)r] wigE gl A 5E7k sk
NO; N2 A 677+ Brje 23 4) 970 f4
B g Ben 2| AN 28] g
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FIg. 4. Anion and NH;-N amounts in stream water. Same abbreviations in Fig. 3 are used.
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7ok = 312 FE SR W 99
o vle) vinjg Aow Azter), NH,NE= #3599
A 1, 277 ALQEkTs NOy-N7F uliE =7 Vet
e A 57k A ool gk LR A 5771e]
A 977l vls) ¥e NHNgte zhech ol w4}
H 7] v olHe AFEHoe® FE NOSNE
ohel NHy-N7F 3398 AAEh NO,-Ne| 2=
A 577k SRl LERY® A 577) o) F el NH,-
N7} Yeltz] gl ol 153 A o797k =5
245012 NHN7F NO,Ne =z AHolgle risae
A Al gt

JAE 27 A AES4elMg] NO,-Ne
HE3A o3t & RefF) NHy-NE mil$-
2 JeRHG T Table 4). A1 23)7] njgd
sk G4 £ T 52 NH;N 5=
AL USdoh SRS TARE 2] o EA
A=A Al 97gkell vja) @ vlge] SAEke A
ZHflM NHyNe| 3571 34 @2 da by 244
7] Wi FH AT NH, N7 A&H%] ¢
v A dygesiy FFE NH3N7F NOy-Ne|
HE 2 AR A ZR 2dkd FrEe] BES A
Ak Zem yeldh

PO = 1619 shes)l TAlR 7] wigage) A
7 2 S AsprolA thah gA4 et kit
(Table 4, Fig. 4). 3R AFA] -l PO
o] BAEA b8 T2 AHon i AHAt 7
o TP/} &8 AY(AZ, 19990l PO 24

A ulrﬁ%

Bv
gﬁ 1
A s A S

3

7| e A e Po| EAFS S 4
THE POS7E g FHe) oz AHUL 75
47 250 dste] uiE Au)Ee] MBL AT,

5. HFAl side| nABol chist A&k

AR R FH=s Bve] egdl tid =48
He| PIrg dolrr) Ysfo] HEA] s FAle) b
sk Al7I90 19999 384 AR w7 AR E o
Faiath AR NEAHAAL Fig 17 Table 2
o) vie} glok

A TS sl AwRH(Table 5, Fig. 5) Fe,
Mn, Zno] 7= AFHH} FF3) olde] 7 A3
Hop A5 g8 9 g Aol Z718id.
Feo] A9 2% £ 0.081 mg/LolAl 0.095 mg/lL
2 2=ETE (412 mglolM 0678 mgllE Frvst
Qrt, 237 Mnd] AR £552%E 001 mglelA
0.096 mgL2, F5%= 0.086 mglelA 0.155 mg/
LE Z7lele AL HoZo) Ing A4 85%57)
0.006 mg/Leld 0.041 mgLE 75tk Alel AL
S22 0015 mg/LelA 0027 mg/lLE Z7Fetd
A 2rrE M3 5H BT 0314 mglE $45
el AFRY FPo) Ve Bt ol 94
}| Fe, Mn, Zn 371el $lo] AFA7t ek vy
AMgch, e Ale] HS Do) WA o
gL nlAe AE AR g,

ol thalals wA Cl =t 80,29 A Al

il o K

Table 5. The amount of heavy metats, CI™, and SO, in the Mankyeong river, {mg/L)

Mn Fe Cr Cu Zn Cd Pb
SITE Cr 5042—

Dis Total Dis Total Dis Total Dis Dis Dis Dis Dis

! 0005 5420 0138 0383 0024 5963 0.002 0.025 0016 0.001 0.002 2305.00 492.00

2 0806 0421 0185 0317 0062 0927 0.002 0.005 0006 0001 0003 151.20 35.80

3 0.034 1421 0332 0438 0071 2388 0.002 0.607 0.005 0.001 0.002 56.61 31.08

4 0010 0509 0187 0354 0214 1843 0.003 0.007 0.007 0.001 N.D 40.62 18.57

5 0.027 0314 009 0155 0095 0678 0002 0.005 0.041 N.D N.D 21552 335.04

6 0034 0801 0033 0114 0100 1036 0002 0.006 0.053 N.D N.D 279.00 450.40

7 0015 0314 0010 0086 0081 0412 0002 0.006 0006  0.00t N.D 14.67 19.17

8 0008 0753 o7 0223 0010 1234 Q002 0.005 4.005  0.001 ND 8.52 149006

g 0008 0113 0062 0156 0024 0282 0002 0.004 0.003 N.D ND 2188 16.28

10 0.010 0113 0008 0038 0011 0124 0002 0.004 0.004 N.D ND 246 691

i1 0.010 0129 0009 0019 0062 0157 0.002 0.003 0.005 N.D N.D 6.54 850

12 0.016 0079 0101 0140 0290 0.669 0.002 0.003 0.003 N.D N.D 513 590

13 0164 2852 0062 0.198 (221 40606 00003 0004 0.008 N.D 0.003 36.06 23.01

14 0003 2342 0381 0.1.186 0024 4304 00004 0003 0.003 N.D ND 5820 22.14

N.D=Not Detected; Dis=Dissolved heavy metal; Total=Total heavy metal
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Fig. 5. The amounts of dissolved and total heavy metals (A-G), and CI” and SO, (H) in the Mankyeong river.
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=, 1095, Wittmann, 1983, Maxcy, 1950, &3 &
B2, 1991, ez A3, 1991, Kobayashi, 1957).
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