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Evaluation of Removal Efficiencies of Micropollutants in Wastewater Treatment Plants
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ABSTRACT : 66 micropollutants analyses in 9 wastewater treatment plants(WWTPs). along Nak-dong river were implemented to identify
the concentrations and removal efficiencies before and after treatment processes. As a result of study, the concentration levels discharged
from WWTP effluents to water system were below the water quality criteria and the levels of other studies. The removal efficiencies were
84.6%(DAF/CCR) and 81.6%(AC) for 1,4-dioxane. Phenol, Clphs and PAHs were removed 94.6%, 66.4% and 80.6% respectively by the
activated sludge(AS) process. The removal efficiencies of Clbzs were 45.3% for the activated sludge(AS) process and 60.6% for the acti-
vated carbon(AC) process. However, other processes besides AS and AC, the removal efficiencies of Clbzs were very low(<20%). The sand
filtration(SF) process that could remove particle matters showed the best efficiency for PCDDs/Fs removal(> 99%). However, in case of
relatively low PCDDs/Fs concentration level in influent, the removal efficiency was not so high(< 50%).
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Table 1. The wastewater treatment processes and sampling
points in 9 WWTPs

Main
treatment WWTP
process

Treatment processes and Sampling points(()

Biological NC Influent(D—AS—Effluent—(2)

Chemical ~ GJ  Influent()—DAF/CCR—Effluent—(2)

DS Influent—AS@)—CCR—Effluent—(3)

Biological DA  Influent(D—CCR@—RBC—Effluent—3)

+Chemical ~ SP Influent-—~>AS@—>CCR+SF—Effluent—(3)

YS  InfluentD—CCRE)—AS+SF—Effluent—(3)

Biological _ CS Influent@—CCRZ)—ASB—>SF+0C—Effluent—@)

+Chemical UG  Influent D—CCR@—AS@—AC—Effluent—@)

+Advanced g5 Influent(D—>ASRBC@)—>CCRB)—SF—Effluent >@

- AS: Activated sludge, DAF: Dissolved air flotation, CCR: Che-
mical coagulation reactor, RBC: Rotating biological reactor, SF:
Sand filtration, AC: Activated carbon, OC: Ozone Contactor

-0.2,3,@ : sampling points
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Table 2. Concentration levels of micropollutants in 9 WWTPs

1,4-Dioxan¢. Phenol Clphs Clbzs PAHs PCDD/Fs
WWTP

pg/L pg/L  pg-TEQL

1.142 16.52  0.199 0.079 0.545 1158 1.893
2.468 0.292 0.704 0.065 0.117 79.98 2.571

NC

6.300 1621 0.025 0.044 1.622 1243 3.740
0.972 0.538 0.048 0.032 0.169 105.0 5.470

GJ

6.272 10.83  2.619 0.360 1.349 126.7 1.900
11.72 0436 0938 0.261 0.481 - -
12.19 0394 1.189 0.228 0.444 101.1  3.410

DS

4.035 1.896 0.298 0.036 1.561 1033 3.770
3.496 0.746  0.223 0.027 0.242 - -
3.147 0.652 0.154 0.033 0.629 93.10  2.990

DA

9.809 9901 3.964 0249 2.793 1549.6 36.58

Sp 11.99 0.554  0.372 0.248 0.386 - -
11.37 0.584 0.389 0.270 0422 12.44 0.050
6.435 11.16  0.423 0.059 6.441 8.649 0425
YS 6.976 8.588  0.645 0.089 1.205 - -
7.161 0.576 0.232 0.040 0.389 7.598  0.027
6.397 ND 1.741 0.464 0.779 12503 25.00
5.851 ND 1.823 0.405 0.756 - -
cs 0.734 ND 0279 0.061 0.225 - -
0.763 0.015 0.110 0.074 0279 1694 0.150
23.16 5.057 0.688 1.667 3114 20.73  0.692
17.23 0.467 0.221 0.812 4.890 - -
va 15.50 0.407 0.226 0.051 0.190 - -
2.849 0.384 0.036 0.020 0.163 10.85 0.034
20.80 20.40 9945 0420 34.13 7853 1.711
" 2242 1.057 0.691 0.087 0.522 - -

18.62 0.759 0.495 0.101 0.226 - -
18.21 0.686 0.396 0.145 0.178 0.073  0.291

BREOEPLEOELLOLELLEBEEBEEE e e

N.D: Not Detected
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Fig. 1. Removal efficiency of 1,4-dioxane by each process.
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Fig. 2. Removal efficiency of phenols by each process.
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Fig. 4. Removal efficiency of clbzs by each process.
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Fig. 5. Removal efficiency of PAHs by each process.

olgel Aol MZo] £ w A4 EFAS o] PAHsE
B2 BHLUANH AFRYRGIIYCE B 47
(80.6%, 89.6%) 2.2 AAHIL, HeteH Yl JANE 9
BAEE} £S B9 1 ngl) 80% o3 B AAL
2 Yeis A2 2 5 9.

3.25. C0| A E(PCDDs/Fs) K H &

AT 5200272 457 AEALYZeNA 9 o] LA F
AALL A8 A% £A23F L EdA thol&Alo] 93%
(F5E 7192 88307 AARTDY Rugo B a7
AAE 7R A Ze] AYFEL EF ol SR
AAKEZEE 712 10~99%2] ¥HS BAcKFig 6).
3§ I(NC, GI, DA, DS)9] #$AIZEL AAge] dor}
(10~31%), 1§ 2(YS, UG A<D)e] d5A2 3 AAgo]
ETH99% o4, ol BeE AEF BERH M
Adgznoz Hgsm g 2§ 1o Hj& 2§ 29 #H5HT
F52 389 ANzt A2 Ay oo ALl IHSF)¢
AL 93T 9o §24RT F2 A3 EZo
R0 ABse goleaFe BP9 8 AAge) &
& Aoz wugt 238U Aldg FAE 95T UdE YS
% UG A=A ZoA AALol AR F2(12%, 48%)
AL 1F 29 829 vl $945 W9 doleaFe) =
E7F 2 1% 7F) Aol 7IRlse Aoz Algdnh

olgel Az & o A4 EFHAF WM tho)LAH
9 AA QAL YA EAL A AAG & A= F
33l AlJI(SF)7} Tgo] 7HE Holudes AL & F AN

¢

(pg/l)
g & 8

g

total PCDODs/Fs
Lo
8

o &

HC G} DA DS Y¥YS UG 88 SP (S
Fig. 6. Concentration variation of PCDDs/Fs in 9 WWTPs.

J. of KSEE / Vol. 29, No. 2, February, 2007

o AT Aol FFANE RYFY B2 S B9
= AAgel w4 gtk

4 € B

G457 A 9x9 AFHFAYEE Wdeg 4 LA
FF FY5 $Fe 2 23 AYF WY 14-tho] &4,
HAes, 2294F, 93TFERITLR, tol$41F9
v FFAEA L Y A EE B AR 3R
nERAEde A&7 AYUIFFE WFRAEZE S AA
ZAE A A =3 o)

=
F
H
fe)
=

T

T
L2

=

ool o, M ~
N
S
e
4 o L 4
fr o == 2k
)

il % o

(s

= o W
oy
0_1?.’._44

i

<

i

ol

:‘.)lﬁ

5

oY

..‘

oy

o

=

I gt

i >

=
—r
4
N
re
A
=
o
N
B
r2
-4
2
X
o
R
fr oo
i
frl
L e

42 RN o B
)

o N

> A

W 18

Y N
N
2,
=
=Oll_l“

A
¢

A FAG g A3
S B 7HgERdEEeE A

ol 23 80% ol ¢S L AALEE XL, A=FS o
;FERgrLTFE AESH AFE st Az
94.6%, Z22HEFe 66.4%, JEIEFEHeARE 80.6%
o ¥ AAEES BYrh 2By S22dARE BEEY
e AWFH SHEE s A 453%, 60.6%7F AA
Hou, 7 AHAFFezE AY AARNA FAY AA
£0] GUTH<20%). EF tolsAFe ARG 22 2
A AAZ F de FHY ARATHSH7E Zgol 7S Aol
ATH99% o)) FUFY s=7F B2 Bl AALC

EA FRATHS0% o] 3.

ook

% B ZARE nigor Bt B2 AR theket HEG
ANEA L gz AFFY Y A FAIH(Hydraulic
Retention Time, HRT)E 323 AZAFHE FH5tH A
F4o e vFRAELE AAES HrlstnA dch

e YA vFRAER AFAA YA B ATE

ZPEHATY EH o|R|, hitp:/kntp.nitr.gokr, July(2006).
2. U.S. Environmental Protection Agency Home page, http://

WWW.epa.gov.



10.
11.

12.

13.

PAT, BT LA, BAE, HEY, f4% FAZ
2 “Y4FE FAY K71ELY Rl Wi A7
Analytical Science & Technology, 9(4), 392 ~398(1996).
P, o184, JRE R7ILEEA(POPs)9] #NAF
B AIYEF-FIEE AR, FTHEFA - Hyoia
T4 AT ILA2000).
Snyder, S. A., Westerhoff, P., Yoon, Y. M., Sedak, D.
L., “Pharmate uticals, personal care products, and en-
dorine disruptors in water: Implications for the water in-
dustry,” Environ. Eng. Sci., 20(5), 449 ~469(2005).
Daifullah, A. A. M., Girgis, B. S., and Gad, H. M. H,,
“A Study of the Factors Affecting the Removal of Hu-
mic Acid by Activated Carbon Prepared from Biomass
Material,” Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 235(1~3), 1~10(2004).
ZF9, 2Q8, $59, “CWPO UL 018 14-vo]
2 AFA 20059 FFEARARE FAGENY
B, $AUSGE AW, B2, pp. 144~ 155(2005).
Y @Aty FHo]A] HEXE, http://www.nier.go.kr,
FEEANAY vFERHED FATARTD) 89 A
(2006).
FHEZATY EH o)A, hup//www.nier.gokr, July, ut
AT, “8 FAA L4-dioxaned] RAPMY AE 3
(2000).
U.S.EPA method, http://www.epa.gov.
=+ 34389, http//www.nier.gokr, 2+ FARH
715 v A E4(2000).
Hod, “AAusEe s &3, J of the Korean
Society for Environmental Analysis, 8(1), 22 ~39(2005).
Capital Regional District, “Sannich Peninsula Treatment
Plant Wastewater and Marine Environmental Program 2002
Annual Report,” Canada, April(2003).

4
=X
=
=

14.

15.

16.

17.

18.

19.

20.

21.

22.

AR FA Y gAY wFRded AAL gF 219

Nikolaou, A. D., Golfinopoulos, S. K., Kostopoulou, M.
N., Kolokythas, G. A., Lekkas, T. D., “Determination
of volatile organic compounds in surface waters and treated
wastewater in Greece,” Water Res., 36(11), 2883 ~2890
(2002).

EU REPORT,
sewage sludge-final report,” February(2001).

ol 247, R3F, FAZ, o, “ThA FEA|LHAA
9 &84 = 14-Dioxane A|A,” Analytical Science &
Technology, 18(2), 154~162(2005).

olghy, A%, g, F¥d, AP, e85, “E
oA EAAE o] 8o F4s HE5A Hed AESH A
2],” Kor. J Appl Microbiol. Biotechnol., 29(2), 115~
120(2001).

ol&q, ZA7)E, 9738, “Trametes sp.2] ¥R EA ©}
£ Asdse A" dREFes] 2004 FASE
s =73, AN, AL pp. 432~439(2004).
#z8, 4718, 358, sHd &, “SBR/GAC-SBREZZ &
o] &g 2,4-DCP $H% dAeds A, d=x=8E3
], 18(5), 493 ~499(2002).

Marianna Czaplicka, “Sources and Transformations fo

“Pollutants in wurban wastewater and

chlorophenols in the natural environment,” Science of the
Total Environment, 322(1~3), 21~39(2004).

Busetti, F., Heitz, A., Cuomo, M., Badoer, S., Traverso,
P., “Determination of sixteen polycyclic aromatic hydro-
carbons in aqueous and solid samples from an Italian
wastewater treatment plant,” Journal of Chromatography
A, 1102(1 ~2), 104~115(2006).

Kim, H. K., Hiroshi, M., Tohru, M., Tasuku, K., Yasu-
moto, M., “Removal dfficiency and homologue patterns
of dioxins in drinking water treatment,” Water Res.,
36(19), 4861 ~4869(2002).

Hotetg 5ot v x| 203 2%, 20073 2



