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Abstract :

Post-Environmental impact investigation(Post-EIl) plays an important role in

investigating and reducing the environmental impacts of construction operations in South Korea.

To date, it has been estimated that the results for Post-EII showed the low reliability; however,

understanding those reliability has rarely been studied. We investigated the effect on water qualities

by construction operations of the quarry mine, training center, and golf club in South Korea. In

addition, the results of water quality analysis in this study were compared and analyzed with those

in Post-EIL Treated wastewater in a quarry mine showed high concentrations of biochemical oxygen
demand(BOD), suspended solid(SS), total nitrogen(T-N), and total phosphorus(T-P). Compared
with the water quality results between this study and Post-EII, the concentrations of BOD, SS, T-N,
and T-P in the treated wastewater were higher than the interquartile range(IQR) as well as the range

of the results from minimum to maximum in Post-EII(p<0.05). The concentrations of BOD, SS, T-N,

and T-P in treated wastewater were high under constructions in a training center. The concentrations

of BOD and SS exceeded the consultation standard for the treated wastewater. These concentrations

showed the significant difference with the IQR and the range from minimum to maximum of the

water quality results in Post-EIl(p<0.05). Therefore, the management and monitoring for water

quality should be conducted in the treated wastewater by of construction operations. In addition,

the alternative to enhance the reliability for the water quality results should be sought in Post-EIL

Keywords: Post-Environmental impact investigation(Post-Ell), Water quality monitoring, Comparison
of water quality results, Treated wastewater
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Seuete] e e E ke A AR ol 2ol 1]
= e AR A} oS, BIREO RN ARIS
Qg 2 FshE AlA E=
o] 9t} (Environmental impact assessment act
article 2), 374 9FH 7T AFEE]= 19909 257
A7 A A B ol BelE BHoR
eI}, AFel Sele Wae) ezt ol
oA okx|ul, o g o]a) W The|o} AFEEA o
F2AE TR, Beles] o 9 Bl A
A7 A1 Soll el Woluhg-2 ol sl 7
Sajo] £271Ba 2ol Blof HES W A
< 9Jn|éttH(Environmental impact assessment act
article 35 and 39), AF-2Hd FFEAH= ARIA7E AL
o 21 F Alefo] 4 8ol mle ke Zjal
& o= 199300 BAFFHIe] F7hElslch
(Environmental impact assessment act article
36). "SEFFB7HA 5 2ol TRt 57, A2x0
Ae AR GFRARE MY 2 AR A E

MBS R

s sk, B3R A
] Holaly] Qs AR} ek

Bl 2 A

5#9]—4 Ate]of thek Ao AuEd, nlad
AR} AR Akl o ekl
Z4o] 5 3kl (Implementation monitoring), A%+
dale] f
o] Al AZ(Validation monitoring)S 4234
317 @KU, S, Environmental Protection Agency
1998). 7Hutth= AR 2 Aol gt o3

= ZAHCompliance monitoring), o|&%3F =4
W&o BlALE B 59 e A o) At
AZ(Follow—up) AA= o] =2 SH(Canadian
Environmental Assessment Agency 2011). U&-of|
A Ardoll ot eh JaFxAtet S FFE 7 Al
AS5ake] A 9 Bkt Az o) 24 Aol o
3t A=S A ASko} (Ministry of Environment

2012). =eJoll A= Abdell et e3 daFel tiet =

% (Effectiveness monitoring), ol&
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AR it AR FRAL Al 2AME T Y

B0 AZA 4Z0] oA 7R w| &3k AlAo

oY it of > of
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j=

E

(Maeng et al. 2006; Choi et al, 2011), AFS-24 %
RES R wofoll= 2AMET 2 24 95

X*}ﬁﬁ‘— Xim SkaL AR 7|20l iRt 2t of
B2 AA5taL tH(Choi et al. 2004; Maeng &
Joo 2008). Atgell 2Jgt =d g3kel el LA+
& 7H3L}x4o]—y _lr_ﬂzjgg _H‘,__/;jg].x] 2ala %1
_lﬂ

gl o5 FaFoletar A/ E o] Q1 o] & i
o Apael 422 AN Eeha sk olej
IS AR} S AR} 7HO] 452 A OREA,
AtsslA ek ZAH]8-0] HAHS al i}
9 AE7| T A FEe R Qleh vlegt A3t A
E7} A7) = ek Ministry of Environment 2000)
I Av Al k2 A} A ATt i3k A

I} AR =7} Wekal greo] gk, o]k /b}%LoﬂE
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HAE e A5 % A wi - ml g A
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=
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BAE A7 L Maeng et al, 2006; Choi et al,
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Figure 1. Flow chart for a research process
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— Kilometers
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Figure 2. Sampling sites for (a)Quarry mine; (b)Training center; and (c)Golf club. S and P in sampling sites indicate the
abbreviation for this study and Post-Ell, respectively.

ol ola 52 oA W Eifective site)ll Thsh T o AU 2RAY, 9% 26204 30210] 2 24
o ZAPHL AT WAARS Aol o] AAE hPOR AdF T SAS wereha A
WA % olRE W] G RO A BARAEES AR e Aol AAstaet @
ol Sfs) G WA f= AHORE AYEUL T, A EAL F 9% 23UENRAAN), 99 200 (E AL
Q] O FHAFARE Ae] S8l A GF 2441, 9% 30U AN A2 B
& A7) SI3h AV RS Al Aol MRS U SARATES Bgeln S4 S4stt

= 2AHo] YRR FEHAY #E 70l = A sErem =e

e ofuletth, AP 72132 AR 2l 9] Ao AR 2ARR O & Al =9 42(Tempera—

AR AN TR fEH o] 8o §F ture), pH, §E1H4(Dissolved Oxygen, DO), 471

& 03 2= 9l A ML oJu|gl} %= %= (Electrical Conductivity, EC)E @olAl &
A7V AR ZAAE AV E 7102 Ay A SR B SARAES U A S A

ARSI EAAFANY, SR AR, X 2 AVIE AT AL A2017-4570f E3he] AlRA

ARl AR S 242 AAgste] 854 H Al A R4S FPshlth(Table 1). EAAFAMAS
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otlet, EAAFAIG O] A 5-oll= 20124 1
715E 2016\ 4+27] ZF AR RO £EATE o]
51 tH(Post—EIl report for developing the quarry
mine 2012~2017). ZAFA|(Sedimentation basin)2
ZAATHE 90139 387]5E 20159 487] 744 9]
ANE AT 0EAYNE HEYRS

(Treated wastewater)2] ZAA 3= 2013 3E7]
FH 20169 4727171219 AHE o]kt &1
o 2AAE2 20159 16714E 20161 4871717
ZAFEA I E A L5 o) (Post—EIl report for
developing the training center 2015~2016), &
A ZAAAGL 20124 1H7]5-E 20159 257|174
A= 0] 835} tH(Post—Ell report for developing
the golf club 2012~2015),

e

I 743 9 E9

1. Al s22n

(1) EXAFA

EAAFAG o] ol A= S 2AFS] 9
sto] AMYRA] -9l & AR5 A Fste] EAITH At
£ AIASFATKTable 2). AFA W LA Ald
Z45429] BOD, SS, T-N, T-P ¥%=7} 247} 183,

HI

M
21

Table 1. Water quality parameters in sites

Sites Water quality parameter
Out quarry Up-stream
In quarry Sedimentation basin - pH, DO, electrical conductivity, and
. Treated wastewater temperature
Quarty mine Effluent -BOD, COD, $S, T-N, and T-P
Out quarry Stream mixed with effluent - Fe, As, Cr(VI), Cd, Cu, Ni, Pb, Zn, and Hg
Down-stream
Up-stream
Out center Effluent from rainwater boxes

Down-stream

- pH, DO, conductivity, and temperature

Training center

North down-stream

In center Treated wastewater -BOD, SS, T-N, T-P, and total coliform
Effluent
Out center : -
Stream mixed with effluent
Up-stream
Out club

Effluent from Non-point source(NPS) pollution

- pH, DO, conductivity, and temperature

Golf club In club

Sedimentation basin for disaster prevention

-BOD, SS, T-N, T-P, and total coliform

Sedimentation basin for water recycling

- Pesticide(28 species): High toxicity?,
prohibited use for grass?, and general item?

Out club

Stream mixed with effluent

South down-stream

1) Dichlofluanid, Tolylfluanid, and Tralomethrin

2) Fipronil, Dichlorovos, Phorate, Dimethoate, Edifenphos, Fosthiazate, and Carbaryl
3) Azoxystrobin, Carbendazim, Chlorpyrifos, Diazinon, Dichlobenil, Fenitrothion, Flutolanil, Iprodione, Pyrimethanil, Tebuconazole,
Thifluzamide, Thiophanate-methyl, Trifloxystrobin, Triflumizole, Cadusafos, Diniconazol, Propamocarb-hydrochloride, and Acephate
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21.6, 28.0, 4.5 mg L& 7= 9lch(Table 2). SS
Fhe okl AT AR, sheeR AR Al
3% Al1g A3z (3t 3)ol| 2JAst] A RlskA] 2] A]
(50 m® v]Yk 1 day ) WF4=9] SS 4287]% 20 mg
L& 20siqict, AR Wioll @A eAld 2
WRe7t PRE o YRR ot rETE E
A3} Az}, BOD, SS, T-N, T-P 57} 3.8, 23.0,
18.9. 1.2 mg L&, BOD Sl ZEukedy) 4
A A 24 Faskgleh, o] A 2R W
F71&0] v]A29(Biofilm)S A5t #7129 &
2Hk 4 (Adsorption) S A O HA G7) 29 H=w71 o
AR O R Zhaste AS Uehd 2o seE
(Rodgers 1999; Semmens et al, 2003; Shahot et
al. 2014). BOD ==9] 7}4x0f v]sle] SS, T-N, T—

P 5= A AR LUtH(Semmens et al,

2003). 53], SS&= =5 o5k Tl FA Al
AL A] b=t et E T E9E SS W EAshks UA
A 07 2 A}s}
(mtnflcatlon) ko 2 njAEato] ogt A4
O AAES AaAZIokal g ok (Figueroa &
Silverstein 1992). ZFW-F7F ﬂ—‘,ﬂ—i R
ol SS= A A] ghorom Q1 s (A )2t
REY R e 5]’Tr§ OIEEP”:‘H SS
w7 AaE =, oA
3 g2 Eel SSE=rt 4
EA R F| Aol A t'“c‘)‘% = T
= ZARSH] Sl8l AFRGRA] -9 AR Ol EAIR
W 7F=H(Cd), B2 (As), 5 , 1% 67t
(Cr(VD), ot (Zn), +2](Cu), UAN ) A(Fe) &
L5 #A8kgItHTable 3). Al& A3 =& A o)

| &4 (Particulate organic matter)

Table 2. Water quality of effluents and streams from a variety of sites

Sites T(C) DO e EC BOD | COD SS TN T-P
(mg L") (us em”) | (mg L) | (mg L) | (mg L) | (mg L) | (mg L")
Up-stream 20.5 8.1 6.9 365 0.8 38 15.8 1.5 0.03
Sedimentation basin 229 54 7.6 503 0.5 1.8 2.8 24 0.05
Quarry Treated wastewater 24.4 2.3 74 567 18.3 19.0 21.6 28.0 4.54
mine Effluent 232 4.8 8.0 846 3.8 1.3 | 230 19.0 1.19
Stream mixed with effluent 24.0 8.9 7.3 369 2.6 5.0 27.0 1.5 0.06
Down-stream 24.7 9.1 75 371 1.2 32 49 1.4 0.08
Up-stream 21.1 8.1 7.0 145 1.3 2.5 1.3 1.9 0.05
Effluent from rainwater boxes 17.5 84 7.0 248 35 1.0 8.3 1.4 1.40
Training Down-stream 19.8 8.5 7.7 264 4.5 2.4 12.4 1.4 1.78
center Treated wastewater 24.0 2.0 7.8 758 21.5 35.6 75.0 76.0 | 14.53
Effluent 18.6 8.1 7.5 344 0.9 1.8 16.2 4.1 0.24
Stream mixed with effluent 17.8 5.7 6.5 294 3.8 7.3 12.1 1.8 0.02
Up-stream 20.5 9.8 8.0 284 24 5.7 1.1 2.0 0.05
North down-stream 21.0 7.8 6.8 302 2.0 53 1.0 1.6 0.06
Effluent from NPS pollution |y 3195 [ 71 | 188 | 32 | 81| 46| 16| 031
treatment
S{ﬁg Sedlme“mi‘r’gvzﬁgrf"r disaster | 06 | 58 | 78 | 250 | 22 | 137 | 62| 24 | 064
Sed‘memart‘f;cbl‘;‘;;n forwater 176 | 57 | 86 | 143 15 35| 22| 13| 006
Stream mixed with effluent 19.3 8.5 7.9 511 1.8 5.1 1.3 1.9 0.02
South down-stream 21.7 7.8 7.8 510 3.1 7.5 14.7 33 0.05
Water quality criteria about t-reated wastewater i i : . 200 i 200 i i
- In the case of treated capacity below 50m? day!
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Table 3. Concentrations of heavy metals in water samples (Units: mg L)

Sites Cd As Hg Pb | Cr(VI)| Zn Cu Ni Fe
Up-stream 0 0 0 0 0 0.023 0 0.209
Sedimentation basin 0 0 0 0 0 0.041 0 0.052
. Treated wastewater 0 0 0 0 0 0.096 | 0.011 0 0.406

Quarry mine

Effluent 0 0 0 0 0 0.058 0 0.308
Stream mixed with effluent 0 0 0 0 0 0.057 0 0.048
Down-stream 0 0 0 0 0 0.155 0 0.303

A FE50) A= Cd, As, Hg, Cr(VI), Ni& A5 A
okt o] A= oo EAAFINEAH A F

A5 Ak} Akl 228 B th(Lee et
al, 2010, 2014), ¥HHo|| Zn 5= oA Lo
HEEA] Forot & A+to|A] Zng} Feo] HE A
oA HEEUE, ZAXHERE Zn¢} Fed| 5%
AT EH, AR A] 2ol Ql= vl A el B
A5 ARREA W AR, 27 HAEE
B = AN A Zngt Fed] F=7t A o & v
UrEstTE, SEAIRE AFAEA] W @A 2| Al 2]
S50l WAHA sFRo)A Znt Fed] %27} 742} 96
ug L9} 406 ug L& W] =2 Ho|9ltt Cut

DO

du oo e o

HFH TR 1 g L] 52
ZAA A A= AEEHA ot
ARt A}, AFAFA] Wf-9] 2AMA]
HEEA] FtTHTable 4), 5]
& Tt A ST o] ofyE
= EARFIARI O] ot
TRl T =
g, FEEHE R7E, BEY, Fe,
(Adsorption) Ex B33} Complexation)
Z}8-7] & (Natural organic matter), B2 &,
ol 2T = 7] wzoll ZEet ok 2t EA =,

B, ABA 1 384 $ES 24 Bast gt

lo
>,
N
S
o
O

oL
o
2
o
Do Woge

ol
M &
oﬂ o R 2

]
1%

F

O

Table 4. Water quality of groundwater in the sites

. Quarry mine center Golf club
Parameter Units
® ® © ®
T(C) °C 169 20.7 144 17.8 21 21.8 15.5
DO mg L 1.8 5.8 5.7 6.0 5.0 6.2 7.2
pH - 6.5 6.7 7.1 6.8 72 74 7.5
EC s cm’! 310.5 155.8 188.3 167.5 752 296.9 164.1
BOD mg L' 0.1 0.7 0.7 1 0.8 0.5 0.9
SS mg L 0 0 0 0 0 0 0
TN mg L 2.5 35 53 2.7 0.7 0.7 7.3
T-P mg L 0.11 0.07 0.02 0.02 0.01 0.02 0.04
Total coliform | MPN 100mL"! - - n.d. n.d. n.d. n.d. n.d.
NO3-N mg L' - - 4.7 2.6 0.8 1.0 7.6
Fecal MPN 100mL! - - n.d. n.d. n.d. n.d. n.d.
Cd mg L nd. nd. - - - - -
As mg L n.d. n.d. - - - - -
Hg mg L' nd. nd. - - - - -
Pb mg L' n.d. n.d. - - - - -
Cr(VI) mg L n.d. n.d. - - - - -

@ and (B in an quarry mine and a golf club and @), B), and (©) in a training center indicate the sampling sites for groundwater monitoring.

*n.d. : not detected.
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BAA, AL Ul oA Al 2SR, 9
2 fE5He A, s REe Al 3
A% AE A AeHIchHTable 2), @358 35
o 94=H B A HERS0] 8244 (Dissolved
oxygen, DO)% =7} 2.0 mg L& Wokon 7|4
TEE 2] 758 us cm 2 YEHA Q] =X Kk thas
=t LA YA HET R L7 AP
= oA mlAdEel 93t F7)4d 43tE DO &
o] 7447} dAE L) o AV AEELE 0232 A]
A HFHRol B2 o]l50] A8kl qlvk= A
Jeht}, 2] 3 SS FEL 75 mg L1 AN
O =2 Wt XEHE S| =8 o]t

1_.0

Lr{
N

flr of o w
HH‘ lo
=]

erjaguin—Landau—Verwey—Overbeek (DLVO)
theoryoﬂ o3& 9z}e] shalo]ZZ(Diffuse double
HanA YA 7+ E9 (Floc)S
A A7tk (Zita & Hermansson 1994; Mesticou
et al, 2014), 1 A}, oA ZAA 2RSS
SS % 2712 2242 4 QS Ao ArE
eAYAE HEYFTY T-NI T-PY 5=
= 76.0mg L7, 14,5 mg L& 27} AZF Ak
(Table 2). ©] =X|= 8 9 FAYEA Ao Hgt
HE Al A26% S5 HsA ALY B
271291 20 mg L(T-N)2} 2 mg LN(T-P)& =
W5kt E3H BOD 5% 9A] 215 mg L2 2
7122110 mg LS 205t 23S Ve, 244
?— 2Fo FEEO| SBAE Fl AN
F2Ee AHAGE 20004 ARE AF
7:1-\—} BOD, SS, T—-N, T-P9] s+ A3 7
ARt HEHFeY SSe Wl 2gEo] 9l
£ oY ol Asto] A5-%3} 7|%HCharge
neutralization mechanism)ol] 2|3} Bf=rof 2 A=
Ao & serEth(Bukhari 2008; Cheng & Saiers
2010; Zhang et al. 2010), 254 A|A WH49
T-N, T-P, BOD9| & 5= 25 AH7HdA

layer thickness)=

OE

r°l'

>~

7180] Bz $350] gl B A
o2 A7EE oz AR (Rodgers 1999;
Semmens et al. 2003; Shahot et al, 2014), A%
A} Al AFA) 6-22=0] ZAX A 4L g B
AEo] ol F2tEo] ol A gelstoint, v
Buke Ay gl mesAY 94 3ol
g2 (Desorption)® 4= 9lo] 3FHL S HAZ 4=
7] HjZo] LEAHOE oA E 7H/H?5L N
oto] ujg E|o]of & A o]tk (Semmens et al, 2003

Aol AR A Aol L =S At
o7 5k BEslo] R BEAls 2E2He
Yl BOD, SS, T-N, T-P9] &2 =& A7
s @A) 274012 Aol HE Ao
A2 gt Fof o2 WiREE HFYFFNA 3
A2 6300 CFU 100 mL™'9] &2 5=/t 4&5
Qe 42 9 SAE A HAo] B WS 4
26% B FpFUA ALY Wi +A7|E
ZAt2) 712291 3000 CFU 100 mL & 23}5}
ek, uteba] o4 el do] ek 2o 9 Fhjof 2t
2 et 2 glo) 53, SayElofot & Rl
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o 30 9

=

hu
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e
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—sg ﬁLxl

4

e dAe = AR 9ol wi g A1, A
HIH L AR AL, A8 2 A2 AF
SR A, SR AS AR H o R A
AEA] W =Aske} AFgJo] =-of| m|]|
Z V5 THTable 2), AFIA Wiofl A 2
7ol A7|AEE7} @8] 2] ARG €] Al
NNAEEET Yokt EaF BASH )i o]
of F=7t vl A WA Uepg), shAeE A
2 o] &1l 9= AFA A COD =7t
g L& Yeptal, T-P %% 0,64 mg L
A e 2a8geb 7% vl URBH(VI
)ol siZ =gl BOD $%+ 2.2 mg L'
FE F ApolE KTt whaba] Ael-ge

€ AEoR Fa7t HA e e w7l

[
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7] W& (

Oﬂ/\] *gg X

o, 200, 5 HEAM 254
bl S 4k 5

2 A8 AFAl @%Qﬂ NE 7hsAgol %EE

[e

6

Ab Al AIE B3, EASHITHFigure 3). BRRAL
£ 3% oA YA HF R SS+ 21.6 mg
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Figure 3. Comparison of the water quality results between Post-Ell(Boxes) and this study(star symbol) under the
construction of an quarry mine. Boxes show the 25th to 75th percentile and whiskers cover the 10th to 90th.
Lines and dotted lines in the boxes indicate median and average, respectively.
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Figure 4. Comparison of the water quality results between Post-Ell(Boxes) and this study(star symbol) under the
construction of a training center. Boxes show the 25th to 75th percentile and whiskers cover the 10th to 90th.
Lines and dotted lines in the boxes indicate median and average, respectively.
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