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A study on characteristics of influent and effluent pollutants in

public sewage treatment works combined with industrial wastewater
and landfill leachate
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ABSTRACT

In this study, we investigated influent and effluent water pollutants in 53 Public Sewage Treatment Works (PSTWs)
where industrial wastewater or landfill leachate is combined four times for two years from 2014 to 2015. Also, we
analyzed the characteristics of heavy metals and volatile organic carbons at influent and effluent of these PSTWs caused
by sewage treatment combined with industrial wastewater or landfill leachate. As a result, six heavy metals such as
barium, copper, iron, manganese, nickel and zinc, and four volatile organic carbons (VOCs) including phenols, di(2-)ethylhexyl
phthalate (DEHP), formaldehyde and toluene were observed above detection limits in most of PSTWs. Also, it was revealed
that six heavy metals such as hexavalent chromium, mercury, cadmium, chromium, nickel and selenium, and four VOCs
including 1,1-dichloroethylene, vinyl chloride, naphthalene, and epichlorohydrin were observed more frequently according
to precipitation. As a result of reviewing the monitoring data on “Water Quality Monitoring Networks” in lower watersheds
of PSTWs, both heavy metals and VOCs were below detection limits, indicating that the effluent water had little influence
on the watershed. Nevertheless for the better management of influent and effluent pollutants in PSTWs, it is necessary
to establish the advanced management plans for water pollutants in PSTWSs, which include a list of priority substances
management, monitoring plans, and guidelines for industrial wastewater and landfill leachate combined in PSTWs.

Key words: Heavy metal, Industrial wastewater, Public sewage treatment works, VOCs, Water pollutants
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Table 1. Summary of investigation PSTWs and substances

Classification 2014 2015
Number of PSTWs Influent and effluent of 25 PSTWs Influent and effluent of 28 PSTWs
24 substances include heavy metals of AEL 48 substances
(except for 24 substances include VOCs)

Analytical substances AEL 48 substances, EC 2 substances

3% AEL : Allowable emission limitation, EC : Environmental criteria for river
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Table 2. Status of investigation PSTWs

Classification Total PSTWs combined industrial wastewater | PSTWs combined Landfill leachate None
Total 53 25 19 9
I Region 8 4 2 2
II Region 17 6 8 3
II' Region 15 6 7 2
IV Region 13 9 2 2

% 5 PSTWs were investigated duplicately in 2014 and 2015.
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Fig. 2. Procedure of combined sewage and wastewater
treatment in Korea.
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RO 277 FFE O 7 2 ALEQITHUS EPA 2010). E3F

[EU, 45 Priority substances)]
. Alachor, Atrazine, Chlorofenvinphos,
. Chlorpyrifos, Diuron,
+ Fluoranthene(PAH), Isoproturon,
+ Octylphenols, Pentachlorophenol,
: Simazine, Trichlorobenzenes,
: Trifluralin, Brominated diphenylether,
: Anthracene, G10-13-chloroalkanes,
: Endosulfan, Hexachlorobenzene,
. Hexachlorobutadiene,
. Hexachlorocyclohexane(HCH),
: Nonylphenols, entachlorobenzene,
: Polyaromatic hydrocarbons(PAH),
: Tributyltin compounds
: (After 2018, Aclonifen, Bifenox,
: Cybutryne, Cypermetryne, Dechlorvos,
. Terbutryn, Dicofol, PFOS*,
+ Quinoxyfen, Dioxin and dioxin-like
: compounds, HBCDD**)

. BOD, COD, SS, pH, N-Hexane(Mineral
+ oil), N-Hexane(Fauna and flora oil),
+ Phenols, Iron, Orgnic phosphorus

: compounds, Chromium(6+)

: ion(Hexavalent chromium),

: Manganese, Total coliform, Color,

. Temperature, Nitrogen, Phosphorus,
. Detergents(ABS), Biological toxicity,
» Barium, 1,4-Dioxane,

+ Formaldehyde(Formalin),

: Epichlorohydrin,

: Xylene(Dimethyl benzene)

[Korea, 49 Discharge allowable
substances)]

: [USA; 126 Priority -substances)]
:Heptachlor, Heptachlor-epoxide
«(BHC:hexachlorecyelohexane)
+(After 2018 .in-EU)

Di-N-Butyl Phthalate, Acenaphthene,
Acrolein, Benzidine, Chlorobenzene,
1,2,4-trichlorobenzene,
Hexachlorobenzene, 1,1,1-trichloreothane,
Hexachloroethane, 1,1-dichloroethane,
1,1,2-trichloroethane,
1,1,2,2-tetrachloroethane, Chloroethane,
Bis(2-chloroethyl) ether,
2-chloroethyl vinyl ether (mixed),
2-chloronaphthalene, 2,4,
6-trichlorophenol, Parachlorometa cresol,
2-chlorophenol, 1,2-dichlorobenzene,
1,3-dichlorobenzene, 1,4-dichlorobenzene,
3,3-dichlorobenzidine,
1,2-trans-dichloroethylene,
2,4-dichlorophenol, 1,2-dichloropropane,
1,2-dichloropropylene (1,3-dichloropropene),
2,4-dimethylphenol, 2,4-dinitrotoluene,
2,6-dinitrotoluene, 1,2-diphenylhydrazine,
Ethylbenzene, Fluoranthene,
4-chlorophenyl phenyl ether,
4-bromophenyl phenyl ether,

Bis(Z'-clﬂoroi'sopropyi) ether,'

Benzene, 1,2-Dichloroethane,

. Dichloromethane, Lead and compounds,

Napthalene, Nickel and compounds,

Trichloromethane (chloroform),

. Di(2-ethylhexyl)phthalate(DEHP),
Cadmium and compounds, Mercury and

compounds

; Bromoform(Tnbromomethane), Toluene

Bis(2-chloroethoxy) methane,

Methyl chloride (dichloromethane),
Methyl bromide (bromomethane),
Dichlorobromomethane,
Chlorodibromomethane,
Hexachlorobutadiene,
Hexachloromyclopentadiene, Isophorone,
Nitrobenzene, 2-nitrophenol, 4-nitrophenol,
2,4-dinitrophenol, 4,6-dinitro-o-cresol,
N-nitrosodimethylamine,
N-nitrosodiphenylamine,
N-nitrosodi-n-propylamin,
Pentachlorophenol, Butyl benzyl phthalate,
Di-n-octyl phthalate, Diethyl Phthalate,
Dimethyl phthalate,

1,2-benzanthracene (benzo(a) anthracene),
Benzo(a)pyrene (3,4-benzo-pyrene),
3,4-Benzotluoranthene (benzo(b) fluoranthene),
11,12-benzofluoranthene (benzo(b) fluoranthene),
Chrysene, Acenaphthylene, Anthracene,
1,12-benzoperylene (benzo(ghi) perylene),

.Cyanide, -Chromium;. Zine, Copper;

- Arsenic, - Fluoride,  Polychlorinated
«hiphenyls(PCBs; PCB.".1242);

+ Trichloroethylene, - Tetrachloroethylene,
+."Selenium;. Carbon- tetrachloride,

l,l-Dichloroethylene, Vinylchloride;
crylonitril;

Phenanthrene, 1,2,5,6- dibenzanthracene
(dibenzo(,h) anthracene),

Indeno (,1,2,3-cd)

pyrene (2,3-o-pheynylene pyrene),
Pyrene, Aldrin, Dieldrin, Chlordane
(technical mixture and metabolites),
4,4DDT, 4,4-DDE(p,p-DDX),
4,4-DDD(p,p-TDE), Alpha-endosulfan,
Beta-endosulfan, Endosulfan sulfate,
Endrin, Endrin aldehyde, Alpha-BHC,
Beta-BHC, Gamma-BHC (lindane),
Delta-BHC (PCB-polychlorinated biphenyls),
PCB-1254 (Arochlor 1254), PCB-1221
(Arochlor 1221), PCB-1232 (Arochlor 1232),
PCB-1248 (Arochlor 1248), PCB-1260
(Arochlor 1260), PCB-1016 (Arochlor 1016),
Toxaphene, Antimony, Asbestos,
Beryllium, Silver, Thallium,
2,3,7,8-tetrachloro-dibenzo-p-dioxin
(TCDD)

* PFOS : Perfluorooctane sulfonic acid and its derivatives, ** HBCDD : Hexabromocyclododecanes

Fig. 3. Comparison of priority substances of EU and USA, and discharge allowable substances of Korea

” Priority substances of EU (45) T : Priority substances of USA | | Discharge allowable substances
R bt (120) .. of Korea (49)
Duplication of priorit Duplication among priority Duplication between priority
x substances between EU substances of EU and USA, substances of and
: and USA discharge al ovvable substances discharge allowable substances
of Korea of Koréea
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2 9A QS FIAEAALY ALEGFE AP BRSOA FFS L Py 1B AEHE
Hot 8974 m/UE 68%S AHASIL, AT A HAA 27F RAG A fUE RS L LA
Helshs FESIEAUA A ALEFE oF 15%, 4 f71E 0] FIHSAYANL FHS AN Fob 1

Table 3. Number of combined sewage and wastewater treatment works (above 500 m*/d PSTWs in 2013)

Total I Region I Region Il Region IV Region
P Flowrate Flowrate Flowrate Flowrate Flowrate
Classification
PSTWs (1,000 A PSTWs (1,000 PSTWs (1,000 PSTWs (1,000 PSTWs | (1,000
m%/d) m®/d) m%/d) m%/d) m®/d)
Total 13,134 633 3,114.5 6,777.5 2,609
(Ratio) 1001 (1o0) 6 (4.8) S a3y Y 518 | %6 (199
PSTWs combined 1.952
industrial 10 ] 1 403 2 10.5 3 1,117 4 421.5
(14.9)
wastewater
PSTWs combined
Industrial 2,208
wastewater and 18 (16.8) 2 77 6 789 3 211 7 1,131
landfill leachate
PSTWs combined 8,974
landfill leachate 72 (68.3) 3 153 23 2,315 21 5,449.5 25 1,056.5

Table 4. Influent flowrate and proportion of combined wastewater in PSTWs

Classification Total PSTWs combined PSTWs combined Industrial PSTWs combined
industrial wastewater | wastewater and landfill leachate landfill leachate
Total (Ratio) | 316,995.9 (2.4%) 99,103.2 (5.1%) 210,107.9 (9.5%) 7,784.8 (0.1%)
I Region 57,833.9 47,063.6 10,628.3 142.0
II Region 15,996.4 28.4 12,825.5 3,142.5
III Region 5,776.2 271.7 2,749.6 2,754.8
IV Region 237,389.5 51,739.5 183,904.5 1,745.5
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ig. 9. Difference in number of detection by water pollutants between fine day and rainy day
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Table 5. Investigation substances and monitoring frequency in “Management Plan of Water Quality Monitoring Network”

Monitoring frequency
Classification Investigation substances . Middle watershed .
General site . . Important site
representative site
Heavy metals Cd, Pb, Cr*®, As, Hg, Sb (March, ]Szftgzgteﬁz{)ez?a];ecember] Once a month
Phenols Once a month Four times a
month
Volatile organic TCE, PCE, CCl4, 1,2-dichloroethane, o .
carbons Dichloromethane, Benzene, C.hloroform, Not monitoring Twice a year (March, September)
Hexachlorobenzene, 1,4-dioxane
Di-(2-)ethylhexyl phthalate(DEHP) Not monitoring Once a year (October)
Polychlorinated biphenyl(PCB) Not monitoring Once a year (July)
Organic phosphorus compounds Not monitoring Once a year (July)
Others
CN, ABS (March, ]SEST tgzlf}:teljzge}fa];ecember] Once a month
BA ABNEA o E9or, o] ASE 49X gF SR Sdedsd WEAdd
BB dolA e Ao R ZAEA FUAH §7]  2AATE Bl Aelne Ex djd] B4l
BAe Lltgead, detd, dxgd, ofs  dAXER g TR fd-gRE F
Zeesod 5 4f F2o] 494 AFNES B FFE 2 WY $71849 54 wRs
W, R, e 2R, 12022 20e, 22 2AEY u1E, T, 3, Wk UA, ofd £ 53
2iag, A, dAEERAA 5 67 S A % 67 = H=, vl 23l e o] E(DEHP),
AZHEs} WolA Aoz AN IhFig 9) zEelE, B 55Uy $7124 4 PR
A BE A ol AFAA ol HEH
3.4 B3oITAEAE FEEER oSt Al G Stk Aol meEt AENET S FE2 T8
SNk 4:9] 4§ Cr+6, Hg, Cd, Cr, Ni, Sb 5 67 30|,
e e o ot ey A R71EEE LG 222G, s,
SESAPAANL AP FALAIU GELA mgy, opmazesiod 5 o) 35 A0 24
e e oY A4S ARE dmw A3 335 9 ALY 4
9 S SIGE LS DDAy e g e Al oA
HES IS EE SRS ASL SR W g o) e aAeel e vua Ao was)
Hp FaA ATt A 1~23] AAISHAL }ItK(Table 6) ATt
ZL* j;oﬂﬁ j z*z‘féijfj‘} ?ﬁji‘ ;‘f_j FE 37} ATE F 2PN EL B 1
_ ? 9 OHEE WHE TH oqmae wsssia, PauE, dEsE 99
i Sas 7 58 el $AI eaR A Ay A
dole Aow weER, S o Ramm, e saead saed
. e T2 SAuUEY wAgEe ddet, oF 24
o] 477 W BAYY 5w SARUEY
43 = Aot ulatste] 44 mUEPE AXsks Aol
B st w3 o A Hoh 4E WEs} B 4
2 A 2014~2015 297 Akl B wiEY Ao e gAe R FATE B $U7|E 44
A AE47F AAIAE = 537 FastrA e Al s TRk Yske Zlo] Hasit.
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APPENDIX 1. Discharge allowable standards for water pollutants after January 1, 2016

pp. 673-682

Clean 'Ga' 'Na' Special Quantitative limits
No. Substances . . . .
region region region region (mg/L)
above 2,000 m®*/d 20 60 80 20 )
! ool elow 2000 mid
(m elow 2,000 m
WWTP 40 80 120 30 -
above 2,000 m%d 20 70 00 20 )
9 COD WWTP
(mg/L) below 2,000 m®/d 50 90 130 10 )
WWTP
3
Suspe.nded abovewi,/gr(I)‘g m/d 30 60 80 30 -
3 solids 3
(mg/L) below 2,000 m*/d 10 80 120 30 )
WWTP
4 pH 58~86 | 5.8—~8.6 | 5.8—~8.6 | 5.8—8.6 -
5 N-Hexane (Mineral oil)(mg/L) 1 5 5 5 0.5
6 | N-Hexane (Fauna and flora oil)(mg/L) 5 30 30 30 0.5
7 Phenols (mg/L) 1 0.005 (Extraction)
8 Cyanide (mg/L) 0.2 0.01(AA)
9 Chromium (mg/L) 0.5 2 2 2 0.001 (AA-Liquid extraction)
10 Iron (mg/L) 2 10 10 10 0.03(AA)
11 Zinc (mg/L) 1 0.002(AA)
12 Copper (mg/L) 1 0.008(AA)
13 Cadmium (mg/L) 0.02 0.1 0.1 0.1 0.002(AA)
14 Mercury (mg/L) 0.001 0.005 0.005 0.005 0.0005(AA)
15 | Organic phosphorus compounds (mg/L) 0.2 1 1 1 0.0005(GC)
16 Arsenic (mg/L) 0.05 0.25 0.25 0.25 0.005(AA)
17 Lead (mg/L) 0.1 0.5 0.5 0.5 0.04(AA)
18 Hexavalent chromium (mg/L) 0.1 0.5 0.5 0.5 0.01(AA)
19 Manganese (mg/L) 2 10 10 10 0.005(AA)
20 Fluoride (mg/L) 3 15 15 15 0.05(IC)
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No. Substances Clezan 'Qa' 'Na' SpeFial Quantitative limits
region region region region (mg/L)
Polychlorinated biphenyls; PCBs Not
21 Y (PCB 1242]p(m 8/3]:] detooteq | 0003 0.003 0.003 | 0.0005 (GC—Purge & trap)
22 Total coliform (EA/mL) 100 3,000 3,000 3,000 -
23 Color (degree) 200 300 400 400 -
24 Temperature (C) 40 40 40 40 -
25 Nitrogen (mg/L) 30 60 60 60 -
26 Phosphorus (mg/L) 4 8 8 8 -
27 Trichloroethylene (mg/L) 0.06 0.3 0.3 0.3 0.001 (GC-Purge & trap)
28 Tetrachloroethylene (mg/L) 0.02 0.1 0.1 0.1 0.001 (GC-Purge & trap)
29 Detergents (ABS, mg/L) 3 5 5 5 -
30 Benzene (mg/L) 0.01 0.1 0.1 0.1 0.001 (GC-Purge & trap)
31 Dichloromethane (mg/L) 0.02 0.2 0.2 0.2 0.001 (GC-Purge & trap)
32 Biological toxicity (TU) 1 2 2 2 -
33 Selenium (mg/L) 0.1 1 1 1 0.005 (AA)
34 Carbon tetrachloride (mg/L) 0.004 0.04 0.04 0.08 0.001 (GC-Purge & trap)
35 1,1-Dichloroethylene (mg/L) 0.03 0.3 0.3 0.6 0.001 (GC-Purge & trap)
36 1,2-Dichloroethane (mg/L) 0.03 0.3 0.3 0.3 0.001 (GC-Purge & trap)
37 Chloroform (mg/L) 0.08 0.8 0.8 0.8 0.001 (GC-Purge & trap)
38 Nickel (mg/L) 0.1 3.0 3.0 3.0 0.01 (AA)
39 Barium (mg/L) 1.0 10.0 10.0 10.0 0.1 (AA)
40 1,4-Dioxane (mg/L) 0.05 4.0 4.0 4.0 0.01 (GC-Liquid extraction)
41 Diethylhexyl phthalate (mg/L) 0.02 0.2 0.2 0.8 0.0025 (GC-Liquid extraction)
42 Vinyl chloride (mg/L) 0.01 0.5 0.5 1.0 0.005 (GC-Headspace)
43 Acrylonitril (mg/L) 0.01 0.2 0.2 1.0 0.005 (GC-Headspace)
44 Bromoform (mg/L) 0.03 0.3 0.3 0.3 0.005 (GC-Headspace)
45 Naphthalene (mg/L) 0.05 0.5 0.5 0.5 0.003 (GC-Headspace)
46 Formaldehyde (mg/L) 0.5 5.0 5.0 5.0 0.01 (GQC)
47 Epichlorohydrin (mg/L) 0.03 0.3 0.3 0.3 0.003 (GCMS-Liquid extraction)
48 Toluene (mg/L) 0.7 7.0 7.0 7.0 0.001 (GC-Purge & trap)
49 Xylene (Dimethyl benzene) (mg/L) 0.5 5.0 5.0 5.0 0.001 (GC-Purge & trap)

Source : Ministry of Environment (2016) The raw for water quality and water ecosystem preservation, Ministry of Environment (2015) Public
analytical standard method for water pollution.
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