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There are no effluent limitations for hazardous chemicals released from wastewater treatment plants
(WWTPs) in Korea. Furthermore, there are no criteria for chemical accident levels that have a significant
impact on aquatic ecosystems. The purpose of this study is to establish the effluent limitations of hazardous
chemicals and to determine the chemical accident levels from a WWTP. The effluent limitations were deter-
mined based on the Korean water quality standard, the effluent standards for industrial facilities, human health
risk, and aquatic ecotoxicity. After establishing the effluent limitations in a WWTP, the effluent levels for
chemical accidents were defined. As the final goal of this study was to prevent chemical accidents in fresh
water, the influent limitations of hazardous chemicals in a WWTP were established using the effluent levels
for chemical accidents and treatment efficiencies for individual chemicals. As a case study, one WWTP in the
Nakdong River watershed was selected, and the effluent limitations, chemical accident levels, and influent lim-
itations for 47 chemicals were established. Our method can be modified and applied to WWTPs in different
watersheds in Korea.
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Fig. 1. Overall process from the occurrence of chemical accidents to the prevention of them in the aquatic ecosystem.
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Flowchart for the determination of effluent and influent limitations of chemical accidents in a WWTP.
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Table 1. List of 58 chemicals classified by methods for potential chemical accidents in a WWTP (Method 1: using Korean
water quality standards, Method 2: using effluent standards for industry, Method 3: using water toxicity data, and No
method: failure to apply all methods)

Chemicals Methods Chemicals Methods Chemicals Methods
Formaldehyde M1 Acrolein M3 Phosphine M3
Methyl hydrazine M3 Allyl chloride M3 Chlorine dioxide M3
Formic acid M3 Acrylonitrile M2 Nitromethane -
Methanol M3 Ethylene diamine - Hexamine -
Benzene M1 Allyl alcohol M3 Cyanogen chloride M3
Methyl chloride M3 m-Cresol M3 Tetrachloroethene MI
Methylamine M3 Toluene M2 Trichloroethylene M2
Hydrogen cyanide M3 Phenol M2 Polychlorinated biphenyl Ml
Vinyl chloride M2 n-Butylamine - Carbon tetrachloride Ml
Carbon disulfide M3 Triethylamine - Dichloromethane M1
Ethylene oxide M3 Ethyl acetate M3 1,1-Dichloroethylene M2
Trimethylamine - Sodium cyanide M3 1,2-Dichloroethane Ml
Propylene oxide M3 Ethylenimine M3 Chloroform MI
Methyl ethyl ketone M3 Toluene-2,4-diisocyanate M3 1,4-Dioxane Ml
Methyl vinyl ketone - Acrylyl chloride - DEHP M1
Acrylic acid M3 Acrylamide M3 Bromoform M2
Methyl acrylate - Methyl ethyl ketone peroxide M3 Epichlorohydrin M2
Nitrobenzene M3 Isophorone diisocyanate - Naphthalene M2
p-Nitrotoluene M3 Phosphorus trichloride -

Benzyl chloride M3 Arsine M3

Table 2. Effluent limitations of 58 chemicals in a WWTP. Those of 11 chemicals could not be estimated using the 3 methods
suggested in this study

Chemicals C (mg/L) Chemicals C.q (mg/L) Chemicals C. (mg/L)
Formaldehyde 5.00 Acrolein 0.003 Phosphine 0.09
Methyl hydrazine 0.30 Allyl chloride 0.10 Chlorine dioxide 9.00
Formic acid 290 Acrylonitrile 0.20 Nitromethane -
Methanol 3.30 Ethylene diamine - Hexamine -
Benzene 0.10 Allyl alcohol 1.00 Cyanogen chloride 15.0
Methyl chloride 15.0 m-Cresol 9.00 Tetrachloroethene 0.40
Methylamine 8.60 Toluene 2.30 Trichloroethylene 0.20
Hydrogen cyanide 0.20 Phenol 0.40 Polychlorinated biphenyl 0.005
Vinyl chloride 0.40 n-Butylamine - Carbon tetrachloride 0.04
Carbon disulfide 30.0 Triethylamine - Dichloromethane 0.20
Ethylene oxide 0.01 Ethyl acetate 140 1,1-Dichloroethylene 0.07
Trimethylamine — Sodium cyanide 0.30 1,2-Dichloroethane 0.30
Propylene oxide 0.01 Ethylenimine 0.00005  Chloroform 0.80
Methyl ethyl ketone 22.0 Toluene-2,4-diisocyanate 0.006 1,4-Dioxane 0.50
Methyl vinyl ketone - Acrylyl chloride - DEHP 0.08
Acrylic acid 150 Acrylamide 5.90 Bromoform 0.10
Methyl acrylate - Methyl ethyl ketone peroxide 170 Epichlorohydrin 0.10
Nitrobenzene 5.50 Isophorone diisocyanate - Naphthalene 0.20
p-Nitrotoluene 2.00 Phosphorus trichloride -

Benzyl chloride 0.02 Arsine 0.001

Lo|tt. =74 039 pg/Lel HAEEUoH, FHEe vRIRE
4 @F 4837 M AFTRA NN B AFEA 2tk 4 ()2 olgsl] B e

DY AL AN FAFI BT 0820y AN ERA AEe 26%07, AEe BUE
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3.13. BAAEE o8 fE7IE AHHEHE 3)
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T 72 2 (6)0] sk A FEFEAXE 141
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7} 2kzdo)h 4 8)2 (9l wek sMcek SCCE Al
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Table 3. Effluent limitations of selected chemicals in this study and concentrations in WWTPs and rivers reported in previous

o - AAE - ol5Y - AYS

studies
Chemicals Cr (ng/L) Concentrations in rivers and WWTPs (pg/L) References
Formaldehyde 5,000 27.8-610.7 (River) Cho (2011)*®
Benzene 100 1-80 (River) Lokhande and Mujawar (2009)*”
Methyl chloride 15,000 0.0073-2.5 (River) Squilace et al. (2004)*0
Methylamine 8,600 2.6E-04-2.8E-04 (River) Akyuz et al. (2006)*)
Vinyl chloride 400 6.3 (Effluent) Kim et al. (2013)*
Carbon disulfide 30,000 0.0025 (River) Kaiser et al. (1983)*
Nitrobenzene 5,500 0.128-17.82 (River) He et al. (2006)*Y
Acrylonitrile 200 3-6.1 (Effluent) Kim et al. (2013)*
m-Cresol 9,000 3.1 (River) Middaugh et al. (1991)*
Toluene 2,300 N.D-0.84 (River) Bae (2012)*9
Phenol 400 0.005 (River) Park et al. (2017)*"

. 0.07-0.16 (River Chu and Metcalfe (2007)*®
Acrylamide 3,900 0.05 (Efﬂ(uent)) Backe et al. (20(14)49>)
Phosphine 90 0.002 (River) Niu et al. (2004)*”

Tetrachloroethene 400 N.D. (Effluent) Kim et al. (2013)*
. 2.0-3.3 (River Russo et al. (2003)°V
Trichloroethylene 200 1.7-22.8 ((Eﬂluezn) Kim et al. ((2013)‘)‘2>
PCB 5 0.23-0.57 (River) Gotz et al. (1998)*?
Carbon tetrachloride 40 N.D-0.314 (River) Kostopoulou et al. (2000)>>
Dichloromethane 200 7-425.5 (Effluent) Kim et al. (2013)*?
1,1-Dichloroethylene 70 9.8-36.7 (Effluent) Wang and Kanik (1985)*
1,2-Dichloroethane 300 3.3 (Effluent) Kim et al. (2013)*
Chloroform 800 3.4-859.1 (Effluent) Kim et al. (2013)*
. N.D-18.6 (River Lee et al. (2009)*>
1,4-Dioxane 500 5-26.1 (Efgluent)) Kim et al. ((2013))42>
DEHP 80 2.7-14.5 (Effluent) Kim et al. (2016)°®
1.1-3.3 (River Russo et al. (2003)°V
Bromoform 100 96.9-191.5 ((Efﬂu)ent) Kim et al. ((2013)‘)*2>
Naphthalene 200 0.1-1 (Effluent) Sun et al. (2018)°7

Table 4. Comparison between (A) real concentrations in rivers after chemical accidents in previous studies and (B) estimated
concentrations using the effluent limitations from a WWTP and a dilution factor of 10

Countries Chemicals Date A (mg/L) B (C./10, mg/L) A/B
South Korea 1991.03 0.25 6.3
USA Phenol 1981.02 0.11 0.04 2.8
South Korea Ethylbenzene 1997.06 0.48 0.11 44

=R 108 Eh A
Ae HH, 2200 F7EA] EE Al 7] S BF 8 sk, st
T AHKE 1002 AL 17) Sk

6

ZAR 71%0.12 mg/L)— Ak
2 AdM A FE715S vt

o] Aol AL Be %

3.580 =o)7} Wrh(Table 5). 71E % = A tH(Table 6).
Ao 2 Qs e o]&-ste] 1A XHA
A FFE = F U FEE IR 715— = A 3.3. H+ZUX2E 7E Ao s MH

Aol g3t 1A 38 SEl= V=2 10 57]_ ol
0% A, A f T 10 2
ol =gk, =, fJald H7HE o]&sie] g3 3t

spepita 71 Fwsh SlFERAY eI seE
4 Aelee Ieistel K99 Sl /1FS 4%
sigich. AET RG] Hel&e GOMSE ¥4 &



R

o Skl 287

S SR Qe AR felsleEd #1E sk 79 AW B 44

Table 5. Comparison between (A) the guidelines of the Rhine River Alarm System and (B) estimated concentrations using
the effluent limitations from a WWTP and a dilution factor of 10

System Chemicals A (mg/L) B (C/10, mg/L) A/B
Arsenic 0.06 0.05 1.2

Rhine River alarm Cadmium 0.02 0.005 3.5
system Lead 0.12 0.05 23
Nickel 0.12 0.05 2.2

Table 6. Chemical accident levels of each chemical in effluent from a WWTP

Chemicals C.g (mg/L) Chemicals C. (mg/L) Chemicals C. (mg/L)
Formaldehyde 50 Acrolein 0.03 Phosphine 0.9
Methyl hydrazine 3 Allyl chloride 1 Chlorine dioxide 90
Formic acid 2,900 Acrylonitrile 2 Nitromethane -
Methanol 33 Ethylene diamine — Hexamine —
Benzene 1 Allyl alcohol 10 Cyanogen chloride 150
Methyl chloride 150 m-Cresol 90 Tetrachloroethene 4
Methylamine 86 Toluene 23 Trichloroethylene 2
Hydrogen cyanide 2 Phenol 4 Polychlorinated biphenyl 0.05
Vinyl chloride 4 n-Butylamine - Carbon tetrachloride 0.4
Carbon disulfide 300 Triethylamine - Dichloromethane 2
Ethylene oxide 0.1 Ethyl acetate 1,400 1,1-Dichloroethylene 0.7
Trimethylamine - Sodium cyanide 3 1,2-Dichloroethane 3
Propylene oxide 0.1 Ethylenimine 0.0005  Chloroform 8
Methyl ethyl ketone 220 Toluene-2,4-diisocyanate 0.06 1,4-Dioxane 5
Methyl vinyl ketone - Acrylyl chloride - DEHP 0.8
Acrylic acid 1,500 Acrylamide 59 Bromoform 1
Methyl acrylate - Methyl ethyl ketone peroxide 1,700 Epichlorohydrin 1
Nitrobenzene 55 Isophorone diisocyanate - Naphthalene 2
p-Nitrotoluene 20 Phosphorus trichloride -

Benzyl chloride 0.2 Arsine 0.01
7Fed =4 EAE EES AlYElaL F 8% 5 13 HEFHOE, F9 A FEE o83 fF AT
o g ANEACE, 7 9 BASY LS AP AT, A4l Sk A A
BOD CODE |88 wiald #7129 Mg  Awsks A2 7Ealo} dth 95 A8l 4
(60.3%)=2 tHAI=RATH(Table 7). 58F =dol e | A7 Ee & A7 ZUEPES A, 9 2
FEUAYE FY A FE(C, ) Table 8l AT FEE s SPsAla Fo) WA WS 4
A}, Q0 o880} Fao WRIYS u sshlarl
Table 7. Removal efficiencies of each chemical in a WWTP
Chemicals Efficiencies (%) Chemicals Efficiencies (%)
Benzene 80.2 Carbon tetrachloride 90.9
Carbon disulfide 70.5 Dichloromethane 62.6
Acrylonitrile 77.7 1,1-Dichloroethylene 88.7
Toluene 67.7 1,2-Dichloroethane 87.6
Ethyl acetate 54.7 Chloroform 32.8
Tetrachloroethene 78.0 Bromoform 63.4

Trichloroethylene 327 Non-biodegradable chemicals 60.3
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Table 8. Chemical accident levels of 58 chemicals in influent from a WWTP

Chemicals Ciyr (mg/L) Chemicals Ciyr (mg/L) Chemicals Ciyr (mg/L)
Formaldehyde 128 Acrolein 0.03 Phosphine 0.9
Methyl hydrazine 7.7 Allyl chloride 1 Chlorine dioxide 90
Formic acid 7,436 Acrylonitrile 2 Nitromethane —
Methanol 85 Ethylene diamine - Hexamine -
Benzene 5.6 Allyl alcohol 10 Cyanogen chloride 150
Methyl chloride 385 m-Cresol 90 Tetrachloroethene 4
Methylamine 221 Toluene 23 Trichloroethylene 2
Hydrogen cyanide 5.1 Phenol 4 Polychlorinated biphenyl 0.05
Vinyl chloride 10 n-Butylamine - Carbon tetrachloride 0.4
Carbon disulfide 1,017 Triethylamine Dichloromethane 2
Ethylene oxide 0.3 Ethyl acetate 1,400 1,1-Dichloroethylene 0.7
Trimethylamine - Sodium cyanide 3 1,2-Dichloroethane 3
Propylene oxide 0.3 Ethylenimine 0.0005  Chloroform
Methyl ethyl ketone 564 Toluene-2,4-diisocyanate 0.06 1,4-Dioxane 5
Methyl vinyl ketone - Acrylyl chloride - DEHP 0.8
Acrylic acid 3,846 Acrylamide 59 Bromoform 1
Methyl acrylate - Methyl ethyl ketone peroxide 1,700 Epichlorohydrin 1
Nitrobenzene 141 Isophorone diisocyanate - Naphthalene 2
p-Nitrotoluene 51 Phosphorus trichloride -

Benzyl chloride 0.5 Arsine 0.01
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