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ABSTRACT

This paper describes the influence of rainfall on contamination at stream around the developed quarry. The investigation
results are analyzed to evaluate the relationship rainfall and heavy metals (or water pollution). In the relationship rainfall
and heavy metals, the result showed that the heavy metal contaminations are caused by boulder stone, waste residue and
stone sludge, which is reacted with the direct contamination source, in the burried layer. It also found that the water flow
change of stream according to the rainfall increase affected the large effect to a contamination level of heavy metal. the
water pollution was increased by time changed from the rainy season to the dry season. That is, a lot of suspended solids
had been discharge from the developed quarry due to rainfall increase, and then pollution level of water increases as the
undercurrent of suspended solids is generated in stream due to rainfall decrease. Therefore, it analyzed that continuous causes
of heavy metal contamination and water pollution in stream are materials in the burried layer and a discharge of pollution

source from the developed quarry due to rainfall.

2 x
QT 7L AR Tl A5 Shele) ooiel IR G B Slatel, B9 FE 0wl
| BAS PSS $) 1] Sl e B QAR 2k A, v
S 3 el A 2GHen A5 0w AN, EY A4 Tl 0E oY W e
3% o9 2 9L WAL 2ow AHslt FALPEE $7)1 404 A7 A% WIHE A7le] Fhason,
o] Al S AU FAZE B ST ] e 5, 4971 00 149 ] A 2
Aehe 7102 ekl webd sahaeln A4Hel F34 09 W Ao so] walah Qi Al #A Al
AT AER AR D A R 0gdlo] Ze] ool Hls AR weEig

F

[¢]
;O

Keywords : Heavy metal contaminations, Water pollution, Developed quarry, Rainfall effect

B AUFA] QoIH BRH AREA, H27t

*Corresponding author PR 9 e o] Sl & Qlsto] 11 =87}

=
A
Tel: +82-2-813-5345; Fax: +82-2-813-5346 A EXAR o
, &Aoo 2 =715 QltHHan et al., 2010). o]} &
E-mail address: kkhong@cau.ac.kr (K. Hong) 14 57Fokal AEK( ’ ) el &

Received 8 Feb. 2014, Revised 19 Mar. 2014, Accepted 21 Mar. 2014

oy
40
N
1%
P
=
ne
pal
12
I
re
Q'I_l
ra
|0

19| 2o Ojxl= Fgoll &3 A7 63



=] a7l SEo] I Fet wfollAle A H 2
& T A2 AASAE T2 ARSSIUAE, 2o ofA
I1 718/do] AA el wet AEA B At
& =AY AZEET ol gt LS FRE SA 4
wo] S7Fsk= Aot ey A4ke] gt e

= zulx|ele] chofgt 217 787k ueka 9lr(Han
et al., 2010; Lee et al., 2010). o]of AAl7fEko] w2 YA
Aol ooE 45t 9 BRelo] A8l4 B2 o
Q)= AlAJo|ti(Han et al., 2001; Lee & Woo, 2004; Han
et al., 2010).

YA 4o UnE Aol ANshs o
e ool HUBHE 7] gste] Bulel Ahe A
B8HA El= Zlo] EAolth o]e} o], FAALRE ©]
O R APH-E QPR EAIERE ofgf Hlo e g o]

of WASHA Er}. ERE AT of| A WA= A4

, AET 5ol 71T aefet edd 9 &

il

N

il

S 2] O
=2 -
3

A AR ZFe-ofl ofjt SRS B 9 Aol A
Hote 4=l a5 S5 oPistH, Ad7ls=
A3 7= FRoYclolgt & 4 ¢IthHan et al., 2010).

o 7
|

off AFske AZNAZA F¥d= v

ol A 2
G Q) W], ¥ SHHS LA 9IF e
W A&el fAResL BAsi) ol Bsel, 2
HApro] 9EE HAo] BEAE Aun, B
B} BIHsRE HAATe] Abe] HakE olgsto] 22t
ehed 24, B0 ALE el BN
5] RS BUF AR SLop], AL AL B
3

=
o] et Aoz Ak 7l % A2 BEE Aok
%37 QltiKorea Environment Institute, 2004). $+H,
UollA = 50| E7Fedt A7 HIRIsH WAlst
7] wholl Abiel St 28 AL S7bsta Sl
g ol Slak A A5tg) 4% L 0]
Algoll EAsIL Sl= ookt L HYEC] AxER FEH
917 ofo] owe] QR nlAT ook
weba] 2 Atol A= AEAQ T
3 Qle A71=9] ALk
= At A= AAgsted, Aot
L o
%

¢

o

O

e
°
i3

o
1o og
N
ol
o
ol
R o

z
2
oo

e
to
o2
=2
=)
>

F= A ool Al A
S Ale AdAstod, A3l 55

o
: 2
4
to
ne N
2 &
= o
DR
rr =

64 AZESHISS=EE M13E M1S

o]

2.1 MADJE BXo] WHEY

AN BAl= A71% Aol fA]skaL qlom, WA
& ©F 220,000m’, 7] HEH g0l o oF 140mo|1
AL oF 300m Aotk Fig. 104 Hi= ule} Zro], &

%0 2= SSRH(RER)o] I3k 9lom, o] B}
MZo HEE olojx= AsH(E7LEH)o

Asath AAPRe 19704t FVHE 1990t Zut
[e)3

AN

349 Fore] eluT Aglo] WML, AR LA
M FEu Qlek AAPRE RA0] elBael Ao
A4, 9 o] nigle] Mg O BeIE v
9IEH Anyang-si, 2004). FH, AR B A A
27 ki o] F7hA), o] 1A/T ASH U S5}e
A A&A Fa% 0B AZHt 0|2 Hdstn
A, Al AsHHS] 4209 A Ho] Al BH 9ol
B78ha, AT FEE oQRe] LA o WAs

B 9l Aol

Astre%.n \ developed quarry
\ e

Fig. 1. Map of research site
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Fig. 2. Monthly average rainfall of Korea and research site
for the past ten years[2003~2012] (after Lee et al., 2013)
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Fig. 3. Annual average rainfall of Korea and research site for
the past ten years[2003~2012] (after Lee et al., 2013)
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Fig. 4. Point of contamination investigation
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Table 1. Analysis results of contamination level on heavy metals

Classification Groundwater in Univ, Pond in Univ, O\éizlr:)r\:\élifur?gtri]c?n+ 'S" mid—stream
heavyOTmetaI Rainfall (mm/hr)
0 5 30 0 5 30 0 5 30 0 5 30
Al 17.56 10,21 9.715 0.109 4,948 4,324 6,151 3.977 0,282 3,331 2.79 0.451
Mn 34.41 30,98 27.49 32.48 37.37 2488 341 28,32 1.38 25,01 2594 3538
Zn 16.84 13.34 10.28 12.81 15.4 8.828 13.49 1.6 0.518 99 10.48 1,256
selenium 0.165 0.13 0.105 0.109 0.106 0.065 0.101 0.073 0.069 0.057
Cd 0.061 0.062 0.049 0.049 0.049 0.031 0.04 0.035 0.032 0.03 0.003
lead 0.28 0.04 0.317 0.112 0.071 0.055 0.056

% Water quality criteria

— Al below 0.2mg/L, Mn: below 0.3mg/L, Zn: below 3mg/L, selenium: below 0.01mg/L

Cd: below 0,005mg/L, lead: below 0.01mg/L
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Table 2. Analysis results of water pollutants

Month
Classification year
1 2 3 4 5 6 7 8 9 10 1 12
2008 0.65 0.25 0.65 0.55 0.20 0.20 0.70
2009 0.80 0.20 0.15 0.30 0,90 0.65 0.10 0.20 0.80 1.40
BOD 2010 2.25 1.00 1.00 0.40 0.40 0.50 3.80 0.80
2011 1.40 0.70 0.20 0.10 0.25 3.00 0.70 0.70
2012 1.80 0.35 3.90 0,50 0.80 1.25 290 1.35 1.70
2008 215 2.30 425 23 1.80 1.95 3.00
2009 325 11.10 410 1.70 1.50 535 3.40 5.40 3.20 2.30
COD 2010 325 2.30 1.40 0.70 1.30 1.50 7.60 315
20M 2.30 1.70 1.60 0.10 2.35 6.50 2.10 3.30
2012 4,20 1.45 15.40 2.00 2.00 1.75 3.65 1.75 1.25
2008 0.80 2.80 2.35 4.60 720 5.40 9.20
2009 1.60 9.80 1.40 10.60 6.00 26.40 3.20 2.40 3.60 850
SS 2010 7.00 1.00 1.00 3.50 1.20 0.40 2.00 1.20
201 0.80 1.20 1.20 2.40 1.80 8.70 1.60 470
2012 6.20 0.90 4,40 1.60 3.40 3.00 3.40 2.40 0.40
2008 798 8.42 732 6.82 737 718 7.86
2009 8.30 7.81 8.00 8.62 5.91 6.94 737 6.95 6.84 728
pH 2010 7.48 7.67 7.76 7.49 8.44 6.31 6.34
201 6,92 6.92 6.69 6.48 712 7.41 6.84
2012 81 81 5.66 7.58 6.76 6.79 816 6.52
¥ River water quality criteria (based on normal level)
— BOD: below 5mg/L, COD: below 7mg/L, SS: below 25mg/L, pH: 6.5~85
+ iE 3E~59Y Afolof HthgtE Ko ey ojek 2 A, R Fas LU Es A Aol 2digh
< ANEE oY AV Bl e, SRtH o = vedlon], J57e7F It Soll= sk A
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