J. Soil Groundwater Environ. Vol. 24(2), p. 8~22, 2019

< Review Paper >

https://doi.org/10.7857/JSGE.2019.24.2.008
ISSN 1598-6438 (Print), [SSN 2287-8831 (Online)

25N PR et WY YSY MY
22| - B181% 54 Hs)

- BhRAx . OB - MM

ANt A 7A St
A ea Aot
P65 AT BRI A
7 2B 17

Identification of Workflow for Potential Contaminants and
their Physicochemical Properties

Yoon Ji Kim' - Youn-Tae Kim* - Weon Shik Han'* - Seunghak Lee’ - Sungwook Choung®

!Department of Earth System Sciences, Yonsei University
’Institute of Natural Sciences, Yonsei University
SWater Cycle Research Center, Korea Institute of Science and Technology (KIST)
“Korea Basic Science Institute (KBSI)

ABSTRACT

Among numerous chemicals used globally, the number of emerging contaminants is increasing. Numerical modeling for
contaminant fate and transport in the subsurface is critical to evaluate environmental and health risk. In general, such
models require physicochemical properties of contaminants as input values, which can be found in numerous chemical
databases (DB). However, there exist lack of information specific to recently emerging contaminants, which requires
estimation of physicochemical properties using regression programs. The purpose of the study is to introduce the
workflow for identifying physicochemical properties of potential contaminants utilizing numerous chemical DBs, which
frequently lists up potential contaminants for estimating chemical behavior. In this review paper, details of several
chemical DBs such as KISChem, TOXNET, etc. and regression programs including EPI Suite™, ChemAxon, etc. were
summarized and also benefit of using such DBs were explained. Finally, a few examples were introduced to estimate
predominant phase, removal ratio, partitioning, and eco-toxicities by searching or regressing physicochemical properties.
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2018; The Stockholm Convention, 2019; Zhang et al.,
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(emerging contaminants) =3k X|&% o2 "R QlT)
(Gonzalez-Acevedo et al., 2019; Gurke et al., 2015; Lee
et al., 2010).

A, AeiAl 2 2 W AAske sskEE e ffaid
< k) flsixle =2 AAe 549 A, 8 F
ofF % A% 540l vld Bu7l DasThLy ot al,

19



9 247 - ) - B9
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Make a list
of potential contaminants

] [ Collect physicochemical properties ] [

Modelling fate
in underground

+ Collecting open source data + KISChem by NICS

for the study area .
» NCiS by NIER

+ ldentifying infrastructures and
geological conditions rolling
as a potential contamination
source

» TOXNET by US NLM
+ ChemView by US EPA

+ ChemSpider by RSC

* Predominant phases

* ADC/I-Lab .
* Removal ratio in sewage
+ EPI Suite™ treatment system
+ ChemAxon + Partitioning between
various matrixes
« GWB

+ Eco-toxicity

Fig. 1. Work flow for identifying physiochemical properties of potential contaminants.
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Table 1. Explanation about physicochemical properties frequently used in EPI Suite™ (US EPA, 2012a)

Parameter Explanation
Kow n-octanol/water partition coefficient; Ratio of concentration of a chemical in n-octanol and water at equilibrium (specified
temperature)
BBB Blood-brain barrier; Selective.semipermeable of brain
In this case, BBB means brain penetration ratio of chemicals
Koc Soil organic carbon-water partitioning coefficient; Chemical partition on solid and solution phase in soil
Koa Octanol-air partition coefficient; Ratio of a chemical’s concentration in octanol to the concentration in air at equilibrium
Kp Dermal permeability coefficient; Principal factor used to estimate movements of substances through the skins
DAD Dermal absorbed dose
DAevent Dermally absorbed dose per event
log D logDocpwar; Distribution ratio = log E::iil:;e]ocmm’[ —
[solute],, ., *[solute], ..
BCF Bioconcentration factor; Ratio of the chemical concentration in an organism to the concentration of water
BAF Bioaccumulation factor; Ratio of the contaminant in an organism to the concentration in the environment (steady state)
TEQ Toxicity equivalency; Toxicity weighted mass of dioxins and PCBs in terms of 2,3,7,8-TCDD

2.1. Open source data %]
FAE A7 2 Ho] EAlsh= A
A TY AR7IHelA 3% Z}‘E‘J]' =A RIS &
745 o] X (http://www.me.go.kr/home/web/main. do)-4
H/FE-RE -3 FHoMe 2 Sl digt 873
o] FAIAQl A 9 & s}, w7iele] E9o] ;q]?‘sl-
B 2o A ARE A8 = vk SHEATH (hitp:/
/stat.me.go.kr/nesis/main.do)ol A= ZF—%J |3, sieEd
%E A8 5 R B FAAEE €8 5 Aok
%“WV?EE Bl ERlE ed=de Od:rL A9 A

ﬂll

2018), Alai=
gg S Frhstt tho]l LA (dioxins) 2 F
(furans)?} 22 BHHALLES] HlSYOR HaH 2
471 AZAAE(NIER, 2006; Zhang et al., 2016), 3}

A e 5 de slfri%a]%(Caldweu et al, 2019;
Gurke et al, 2015; Liu and Wong, 2013) 5©°] ©]o
sl geict.

23, BN 29 EE MY
Open source datas B3l #HEo] gRlE HEHT

617;]] MAAE @ -Gk A

= =S = gul
dus SRS ALAEE 550 TR o4
T whe} aesfor she tiEE LHEHES Table
20]] Q okt
Al aZehe a2 2a712 B9l DA
BAFSRE ARSI AV B9 Ak A3 Tl
L-AIF-(NIER, 2006; Seoul Metropolitan Government,
2014; Zhang et al, 2016) 2 TS etslqa
(polycyclic aromatic hydrocarbons, PAHs)(Yasuda and
Takahashi 1998; Lombardi and Carnevale, 2018)2] Hl
2o =38 4= Qu}. ZASAWSIAA W7E “H7)
£ A7MA S 87 F toleal DA 1
JIX7(NIER, 200600 w2d, SR 5 3dAY
o] 27 FH ESfolM= tolSA4R7E Hl 153.229
pg I-TEQ/g dry E57HA] HEHAHAL Haren),
slle)de] Aeolls, A k=A==, uvat
A 5 QT8 S (Pharmaceuticals and Personal
Care Products, PPCPs)(Caldwell et al, 2019; Gurke
et al., 2015; Lee et al, 2010; Liu and Wong, 2013),

v Ze}2E(Sun et al, 2019) o] 3kl olA
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Table 2. Significant contaminants reported in each contamination source

Source of contamination

Reported contaminants

References

Dioxins and furans
PAHSs

Waste incinerating facility

Resource recovery facility

Wastewater treatment plant PPCPs

Heavy metals such as Cu, Zn, etc.

PAHs
PCBs
PFCs
Microplastics

Dioxins, Nitrogen oxides (NOx), etc.

NIER, 2006; Zhang et al., 2016
Yasuda and Takahashi, 1998

Lombardi and Carnevale, 2018; Seoul Metropolitan
Government, 2014

Caldwell et al., 2019; Curke et al., 2015; Lee et al., 2010;
Liu and Wong, 2013

ME, 2007

Ozaki et al., 2015

Needham and Ghosh, 2019

Arvaniti and Stasinakis, 2015; Park et al., 2012
Sun et al., 2019

Table 3. Summary on databases for hazardous chemicals

Database Feature
« Information of chemicals regulated by Chemical Management Act, Safety Control of Dangerous Substances Act,
KISChem Industrial Safety and Health Act, and High Pressure Gas Safety Management Act
« Information of harmful chemicals circulated in Republic of Korea
* Physiochemical properties, accident risk information, exposure standard
« Information of chemicals classified by 9 standards (toxic substances, persistent organics, etc.)
NCiS ¢ Chemical structure, CAS No., maleficent information, and so on.
« Offers experimental data
* HSDB: Information of toxicity and safety
TOXNET * TOXLINE: Offers reference and data about biochemistry, pharmacology, physiology, and toxicology

» ChemIDplus: Physiochemical properties less than 10

US EPA Database

* ChemView, Pesticide Chemical Search, CompTox Chemistry Dashboard
« Simple information of emerging contaminants

ChemSpider

* Basic physiochemical information and medical information
» Has deviation of information according to chemicals

i8] AAEA el wiE=2 4 Uk Liu and Wong
(2013)°] A7l WE™, F=2] PPCPs 29 T of
F 2 RFN BEE-10 pg/l, SHA, SHEHE 2

WPl AZZTHO R BHE-59548 ug/g o2 U
Z ek 1 Qo= FF4(ME, 2007), PAHs(Ozaki et
al,, 2015), Z]¥3}ato]H)d (polychlorinated biphenyls,
PCBs)(Needham and Ghosh, 2019), ¥}&-3}3}3HE(per-
fluorinated compounds, PFCs)(Arvaniti and Stasinakis,

2015; Park et al 2012) 55 AR Lejx 2

RN 15 H Qov, o HAE 3 Eged
2 fEE & o

7191 Fo] 7h5d 4P Aeje) LARLAN ol
oI, B 288 U BB AL

J. Soil Groundwater Environ. Vol. 24(2), p. 8~22, 2019

U d=, 9ol vlae FEAA7IY WA S
Ao} Zo] HeAdozRE T S AXA|T W=
HA] 2AJslllM EEe] Blavt HAEEE A 2o] A
A 7192 RE o] WY F% UTH(Flora, 2015).
ek ope}, WX FEA A7 ARl T FO
Azl FEAA7IS fEo] vHEEE e, 1 FEFELIT
B9t 4 km o "ol YAAIME HIA 29
o] &= 4 AtH(Choi et al, 2015). wEhA, ZA)F
LA 5 A AL A7 A9 1 AR A, EA
o]& ol tigh glo] B aslt.

el
DB—%— ol o= 24E~ —’F’S% T A =
ol siehEAPddolN Algskes setE AR



B5A e @RAel gk 2AA eded 44 9 =] - 8eh 54 Jwst 12

AlZ~®ll(Korea Information System for Chemical Safety
Management, KISChem), = HE733}eHoA A F3s=
3}8h=- 2 HA]2~El (Chemical Information System, NCiS)
5ol om, Qe vlar FHOSIE=AZHU.S. National
Library of Medicine)oll4] #|-&8F= TOXNET, "|= 3+73
2J(U.S. Environmental Protection Agency, US EPA)°l
A Algshe SBHEADB, 9= H38l8lS](Royal Society
of Chemistry, RSC)lI4] AJF3H= ChemSpider 5°] $J
o 7+ DBell g JiE3 Awe Table 30 29kt
yehdlom, zt Hella] 28] Axsiitt.

3.1. KISChem

KISChem(http://kischem.nier.go.kr/kischem?2/wsp/main/
mainjspy 20093FE] =7} DBTSAIYHCE 759
gslstEd dlojguo)|~E AlFshe SIstEEQP Y]
4] Fo)XoltkNICS, 2018). = ralstEddey, |
FAFEATRY, , "R AY | TSkt
AR, 5o T ¥ A= A8 seEas g
slo] S 5 9 FelstelEE ¥ 6,77059] EE5
AR EEA7EAE 2 EYIEEEA), AR EAE
(3, 5888 5), ST HSAHREHE A%
H 9 =2V |FHR 5)5 AlFSH(Park et al, 2013).
KISCheme frafislehade] faAkal 2 ez A A,
ARl A 12} thg71He] ARISAHRE A&3HAl Ao
F7F HalE Haiskehke S H520F shar 7] wE
AL RAPRE A8 Alggths Aol . SRR,
AFshke BE Foll AT 45 A7 5o L3 =23}
BA %1, HEY Ve vAY sheEE
9] F7P} 2013 30] 027 | FHto| FEHE] AIRKSE Al
ZTH3EEd Utk JRE IS F glrke BFo]

ol =
35 S45ge]

3.2. NCiS
NCiS(http://ncis.nier.go.kr/main.doy= = H3-Fz}slo]
A Fsh= 38HEZDBOITHNIER, 2018). NCiSE 2015
1€ 1958 A TelskEde] 55 9 37 5
et HE, 2 TSRMEEAE, o gigh AFdA o))
< APs] Sl st #EPRE Fet AlSd
o=y IRlA ddstE FJRE Hdsle S 58O
2 3la ok F=EEE, ke, 2R 171
LHEA T T 9N Eeel wWE Sk 45,839
ol tigt ARE I 7 ok 722, A, CAS
o YRR, EAWs 9 R, AR,

= O

[e)
5, AEAE 58 AlF3t. KISChem®th e

ZRo) EEe thd AnE Agaln o}, Zelst
842 4] AFE slskedo] Arks o] ok

NCisols Fgasetge] Bad 153009 Sk
Aol g APAET EAE o Seve] A7),
FASART 2L e 54 B AFAR
2 Fgu0] glen}, Kow 5 Q% Eelsiet 540 B
3 ANPARE Ea)

3.3. TOXNET
TOXNET (https:/toxnet.nim.nih.gov/ye 3}shE29] FA,
fralg, Al Foll tigh ARE AFsIs v =48
oJ8l=A#2] Division of Specialized Information Service
ol A Toxicology and Environmental Health Information
Program®.2 ¥2|dl= DBO|tHUS NLM, 2018). WebA],
ET3lHd AdRths 54 #dE HJRE T2 o
3L k. TOXNETel= o] 72| DB7} She=dl, 7Fd
ol AR A vt 2k
« HSDB(Hazardous Substances Data Bank): & 5,951
o] frell kA ik =4 AR 9 ke
ek BE A
* TOXLINE: 4007t 7)e] Ays}et, ofejs}, s}, =4
g A Fard 9 A= AF
+ ChemIDplus: 407+ F o)} 3leE4o] o, 3f&
Z, B4, 524, Kow, 371 5 107H4] °l8ke]
ek Ejsietd 54 AlE
TOXNET®] DBE &Y 7% H Holy HlolE
Yol 20189 1192, A= stad 2 7|& SstEd
tlolHE 73] QulelEstaL o] Hlad HZT ARE
oS T Utk

3.4. US EPA Cl|O|E{H[0]A

US EPAYE ChemView(US EPA, 2018a), A=Al A&
#4A dlolEm o] 2%l Pesticide Chemical Search(US
EPA, 2018b), CompTox Chemistry Dashboard(US EPA,
2018c; Williams et al., 2017) 5% Eaf oJz] 3lst=2
o] 72U B4, fF 9 == =0 tigt DBE AlEst
t}. o] Qo= o)} H= AlERElEdy) ddE PR
£ E¥9]A2] Environmental Topics-Chemicals and
Toxic Topics®] BiUNA A&F3slar ATt

3.5. ChemSpider
ChemSpider(http://www.chemspider.com/)= F=1 43
337} 463 318MEE DBE 69,000,000 7] 318tE
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g for inorganics

<! ® EPI Suite™ ® ChemAxon
2 ® ChemAxon

2 ® ChemAxon for organics

Fig. 2. Classification of emerging contaminants using pre-
existing data-base and regression programs.

A Tz #¥" ARE zh 9leH, US EPA, Pl
2] o]oF=(U.S. Food and Drug Administration, US
FDA), Journal of Heterocyclic Chemistry & % 2547l
o] DBEZHE ARE Al JTHRSC, 2018). 29
et g2AY FEH, 523, s T SeEEY 7
A1 Z2jsshs Aol ik HlolEe} A4 wellA 3}
4ol AE-, B M| 5 o3t B FRE A FgI)
WAl (benzene)} 2ol 71& AT Ay B 542 <l
3, 24E § UL DBXIE AlgeA F= 5897t
] A A=A, A7 At AL 2459 7
Folle AT 54%0] 2~¥E Fojee T E4o

e} AgEs gudel Al EAe.
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E=

S2|atey 547 £

o

AR o] E988hE] SA%k) tig a7t
Aoz B3t slslEgo|y 71& DB 3] ofede-
Exzke]l 9ol ACD/-Lab, EPI Suite™, ChemAxon,
GWB 59 FHZ=098 2183l ¥ BRE
4 9t} 71E 38HEA DBY Aol 229 EHol

ARl 2w o] EAfofiol wEbA A8 DBV} 278+

AR, FAZ2TYE] Beole 783 29as I
T e sskado] A Slerw, Utk Z2TYS
ARESE] fleide LAEde] BR7F BFAeH. 4
Z2a90] 50l wet 48 7hed ek d Fig 2
of gefste] vehlion, 7 gz = 3o e Hr=

ZF Aol skt

4.1. ACD/I-Lab

ACD/1-Lab(https://www.acdlabs.com/resources/ilab/)
ChemSpider®} AFE o] A3l FAZZaHOZ,
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ChemSpider ] £2°] 447 Add IdF ZRE &
& 4= 2ATHACD, 2018). ACD/Labs &#|°]A] 7191&
d O we ARE 4 5 e, JRHes Folxe
credits AE3) JHE IHE 4= 9o, credit 43
Alole R Fuid 4= Qlvh. ACD/-Labsoll X 573t
of A F Y= SARE 1) log P log D, BEH,
71, &dllx T =93 A4, 2) AAclE&E
(bioavailability), &<*(absoprtion), BBB & ADME
(Adsorption, Distribution, Metabolism and Excretion),
3) Y=A(aquatic toxicity), LDs, & =733k, 4) 38t
£ 72EHE FAEE NMR 932 AR 5ol ot

ACD/I-Labe t=5-2] ol weh i &l visiA
= frEg F3S AFE 5 gick. F7](inorganic) 3}
EY 5718 3% (metalorganics)?l] taliA=
B F4gk AlRte] Erkesh] i, 7= #7159
SIS 54 F9ol MM 7Fssich. olee] Bfole
Aol(H)S B SAEAE gl ARk, &
2o) B9l Y & F71%0) st AstE g
S8 ke Q) Sl R TR 2 g
Qslor @k QP olRAAE TEEA ol B F
AL Fks 7, s} EeiRlEle]l == 20,000
daltons HA| &= Aelw 83 %S 4 + 3
o FEAe A4S UEs de) v RelE sz 5
skar Aot gt

[ oo ol
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4.2. EPI Suite™

EPI Suite™-2 US EPA2] Syracuse Research Corp.
o] et Y=g 7Hke] EEjsishd A4 | 34EH A
5 A= F Je TP TZo|thUS EPA,
2012a). FHE SEiMe setede] 725 dolot sk=
], 313 E2o] EPI Suite™?] DBell EA|E 7=
CAS W3 = =dio= Py 725 =iot 2=
T3S AsYE 4 qln

EPI Suite™& Table 49l Q°F5+ nle} ko], & 1870
o ZRIAMESE o]FoH Utk °|FAOPWIN™,
ECOSAR™, DERWINS- A|2J3Pd EPI Suite™ TRz
T A o] AFEE EpiWebe AMg3le] dhiol Aayst
g Atk EpiWebs ARESE 79, wAFET AEslE
ohd 1 9] dERs ARAPE TR JEETA] ol
Z2OREe] FES IS F Uk 124, KOAWIN,
WVOLWIN™ 5 B}z ¢ g 48z da= 3§
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Table 4. Programs provided in EPI Suite™ and brief explanation (US EPA, 2012a)

QAFAl i A e FEd A B & - 38 54 st 14

Program Input Estimation Purpose Remark
KOWWIN™ Chemical structure log Kow
. Gas-phase reaction rate for the reaction Can estimate radical reaction rate
AOPWIN™ h 1 . . .
OPW Chemical structure between hydroxyl radicals, and a chemical and half-life for olefin and acetylene
HENRYWIN™  Chemical structure Henry LC
MPBPWIN™ Chemical structure, temperature Boiling point, melting point, vapor
for vapor pressure, boiling point pressure
BIOWIN™ Chemical structure Blodegradabllltyl .
(aerobic/anaerobic condition)
BioHCwin Chemical structure Hydrocarbon biodegradation half-life Only for hydrocarbon
KOCWIN™ Chemical structure, Kow Koc
m Chemical structure, Kow, . . N
WSKOWWIN . . Water solubility Using Kow for estimation
melting point
WATERNT™ Chemical structure Water solubility g;llng fragment constant for estima-
BCFBAF™ Chemical structure, Kow BCF, BAF, Biotransformation half-life
For ester, carbamate, epoxide, halo-
HYDROWIN™  Chemical structure Hydrolysis rate and half-life methane, some alkyl halide and
phosphorus ester
KOAWIN Egemlcal structure, Kow, Henry Koa
AEROWIN™ Vapor pressure, Kp, Koa Parameter phi (@) *
WVOLWIN™ Henry LC Rate of vaporization (lake, river) Can set up condition of river and lake
» Henry.L.C, Wat.er solubility, melt- Ratio o.f cherTucal§ b}odegra(.iatlon, §ludge Use default value for biodegradation
STPWIN ing/boiling point, vapor pres-  adsorption, air stripping (typical activated in .
half-life input
sure, Kow sludge-based sewage treatment plant)
LEV3EPI™ Koc, Biodegradation half-life, Partitioning of air, soil, sediment (level I1I
Emission value, Advection value multimedia fugacity model, steady-state)
ECOSAR™ Water solubility, melting point, Aquatic toxicity
Kow
Chemical structure, Kow, event Default values:
DERMWIN duration, concentration of Kp, DAD, DAevent 0.58 h for event duration

chemical in water, fraction
absorbed water

0 for chemical concentration
1 for fraction absorbed water

* Parameter phi (@) means the fraction of airborne substance sorbed to airborne particulates

Mot BATERE ‘daw’ 71%5S o183t A
A, smiles(Simplified Molecular-Input Line-Entry
System)'S J&HSAY, CAS HE T= EAYS o83}
o] EPI Suite™ DB Wollx st d=e 4= St
o, WS ARSE Alddle et B guke 3}
=4 727t ANEHA &5 4 Uk

EPI Suite™ ZZIHEL F457 B FVISRHE o
Me Fas FHgS AEsA XSkEE, ACD/-Lab
I vRPRAR {7150 EEEkehd EA% 4R A
|8 F Aok 4 Ave AA AEd oE A=
I3 o Jlomg, el izt A5e] a7E . Fig.
38 203 F 3Rl HENRYWIN™ Bond Method=
F7%+ LWAPC(Log Water-to-Air Partition Coefficient)
£ AP nlaste] ZEds HEe 2ot 22

L L L B L B L N N L B L WL DL L B B
12+ -
s °/-/
g 10 P -
5 ok
c B ° % ° =
g B3
= . 6+ ’/ﬁoo -
o
o
3 4fF 4
§
s r .
O r X
S r2=0.977 -
<
% 2l ¢ standard deviation = 0.400
/ (n=442)
PN TS PO U PO AP PO PR PO PO N P SN PO A O

4
3210123456 789111213
LWAPC from estimation data

Fig. 3. Accuracy of HENRYWIN™; the graph was modified
from the On-line HENRY WIN™ User Guide (US EPA, 2012b).
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a8 FAGe] AR ok Al JARE, =0.977 Tacts X3l & 10719 221 ‘j’u—io T/3=o] Uk
2ZA =2 AYES zheth 7l 9 e gisk g A (Aqueous Solutions LLC, 2012). 21 & Act2 213
AlgE Ar= Fo]AellA ERIE = Utk < 3le=4o] EXFH (phase), pHEZ & 278E 34

4.3. ChemAxon

ChemAxonZ AYA| 22}, S8hEde] 29} olF HEt
5o Zz2ads XﬂS’—a“/]—(ChemAxon 2018). 1
£ ChemAxonol|A] |
3= 213 = Chemicalize, Marvin, Instant Jchem2-
et F 107 22N 73 Thsst 715 e=, 88t
E4] WE pKa, NMR = 9J3] & A7) A543, 5
H;g log D 5 tekst EAgRE =48 4 gt o]i
B2 EXee 7kt 2 S55F9 sk,
(predominance diagram), Eh-pH 2 Zﬂ:&l&‘jr.

‘Calculators and Predictors’ 715

U H~l o O{N ol

==

EI
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4.4. GWB
WBE |5 dEieo] g} X]ﬂah%"ﬂ}ﬂ Hx L
zgaPoR sSHEgAe] thgk AlbkE Sk Rxn, &
of WZ fugacity?} &&= (activity)] :LEH*LE :LE]

rr m r°"
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HsASO4 1 Aso;

HAsO,”
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log fO4(g)

Eh (V)

Eh (V)

ko o=

= O -

ol| A I =2 ARl a8 4 ok 2AAER
of tistd pHell W 8}8ks ¥ EAlEolY log D &
9] 4R ¥ A== ChemAxondt €8], GWB= 1

Y2 A9E ST F e, gt 2H0E 8
o) 13} v Aol sl BEE He FEED
= xﬂ_\?‘xqo] 7\7-] /«17(40] 7]._0]_14. GWB= é‘;ﬁ_ =
ol 2o H8% 4 gle FgzaIRo R, A &
N =2 aBEAN FAE 5 gl= FA(Nitrogen, N),

?l(Phosphorus, P) & TS EANFENE 2 FPEZ
o sz A& 5 AUt
5. BTN ougNel HE SA W}
5.1.0|24 SZ&e| EXHJE] Yot
AT 4 W 557, 24, 9 52 pH, ARz,
2 59 Szl wet EA FEprt 2R 55

AsO,”
. As(OH), 1

Fig. 4. Phase diagrams of Arsenic with a) log f(O,)-pH and b) Eh-pH and Nitrogen with ¢) log f(O,)-pH and d) Eh-pH.
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7Y Afele EA Feol vkeshe wid 5400 wet
2, A4 5 71F 540] 2A 29 5 3lth(Anand
et al,, 2016). Hl&(Arsenic, As)?] 3985 dl2 59, A

F879) pi 2L A58 2700 we} gole wE A5
£ A 2t P FAT 5 2la, B AR 9
o 2818 Aol Ao} Bgd AT 542 e
ACH(Gorny et al.,, 2015). Fie BFAFdA 5
Bl 0§50, AF $7 W) grloly Wz, okt
Az, AV A 5o Yoz EAsked), Bt

WEo s wjEE u 2akeel NoTH i 4NE 5
slome ikl BololA] olg} Bt A7} olwolx]
3 QH(Jurado et al., 2017; Rivett et al., 2008). Fig.
4= GWB Act2 ZZ 1S A831, -89 oA H]
a8} Aae] A FEE Brlste] S93 dijoltt. H]
a8} Aho FFEE 1x107, T2 o]2F glo] 5=
1.09] &st B0 82 EAlshe 380l disiA, x5S
pH, y5= fO,(g) (Fig. 4@) and (c)) &= Eh(Fig. 4(b)
and (d)= AT §F T Folx o= 7P
FHE S8k AT R 27IIS] 25°CE At

Skt

E{E J|m
o
i

2 ox

52. R7|2¥EE| HHE "It

PPCPs 5 215-fallEde 355 B3l FH o] sl
Yol AHE AW F SR = HHRTE 53l 34
o2 vjE=ar AtKGurke et al, 2015; Liu and Wong,
2013; Tran et al.,, 2018). W=, sl=A2]2gol 2] AA
£ A 2EEAY 3 F uliEdel 2HARA T
< v 5 ok Y SYAHES 7Rk R S slAE
ool f718 AA 58 o Yz T EPI
Suite™<] STPWIN™E Alg3ste] FAHT 4 Utk
STPWIN™E &4&ei=] 79k slA{ e dollr] f7|eds

Zo] A7 (biodegradation), S-2H(sludge adsorption), B7]
(air stripping)?l] 2J3l AADTL 7Pk, F AAE &2
Al Wl o3l Zkzt AlAE Hle-S AAISHE

Table 5= AEF3NEZE = 2,3,7,8-tetrachlorodibenzo-
furan(TCDF, CAS No. 51207-31-9)2} perfluorooctane
sulfonic acid(PFOS, CAS No. 1763-23-1)°] th3l =
A3} Aot} TCDFE tolSAly 5 3 4= gt
S4E 7, 2555 okl wet R4 U1EE
(Persistent Organics Pollutants, POPs)Z A|AH A=
o] (Palmer et al., 2018; The Stockholm Convention,
2019), PFOSE tiX32 PFCs = 3hE AEs34 2
=4o] #o} fllE=EE ARE AEZ|tHLand et
al., 2018; ME, 2013). ¥Ego=Z= = tigh 83lx,
log Kow, 3] A, B4, 524, $71%0] 2o,
23 A=sAY EPI Suite™ Wol AFgo® £ o=
tE Z2 3o AIghs o &dl AP 4 Ut ==
a3 FEe]go]of(clarifier) — &4 21 F(aeration
vessel) — FHZ(settling tank)e] A GQAIE AA 38k=
A AA7} o]FoixItkar 7Pyt o] uf Z} ©Ale] AA
e 24T 5 e, AR A 3 o
3FAY EPI Suite™2] BIOWIN™¢] ZAx}ghe ARES 4=
Atk T2 Z7)3Re AR AATe] dojuA] e
248 Julsh= 10,000 ho =, Al GA 25 2713S Al
B31H HA AAEe] ZZHTHUS EPA, 2012¢). L 9]
el=.9] Yoy zlo], XA HK(biomass fraction) = T2
T AAZS ARkl 1 3k US EPAS] On-Line
STPWIN on-line HelpollA] 18 4= It} Table 5=
Al SAIY] RS B 23R Agste] ko] A
ol sl Akket A=, 7+ 249 3, 83w T2
E3lelE] Addol wet siAelagella] 24 AlA W
o] 7lxrt des ERIE 4 Aok

Table 5. Estimation results for chemical removal in wastewater by activated sludge-based sewage treatment system

Contaminant (CAS No)

TCDF (51207-31-9) PFOS (1763-23-1)

Water solubility (mg/L) 6.92x107* 0.1039
Log Kow 6.53 4.49
Input Henry LC (atm-m>*/mole) 1.54x107° 110x1072
Boiling point (°C) 382.92 313
Melting point (°C) 227 90
Vapor pressure (mmHg) 1.47x1077 0.0064
Biodegradation 0.78% 0.22%
4 Adsorption onto sludge 92.69% 39.17%
Removal after 10* h X
Air 0.01% 48.08%
Total removal 93.48% 87.47%
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Table 6. Estimation results for fugacity model-partitioning

Contaminant (CAS No.)

Benzene (71-43-2) Galaxolide (1222-05-5)

Input Log Kow 2.164 4294
Air 31.8% 0.149%
. Water 41.1% 10.9%
Mass fraction .
Soil 26.7% 732%
Sediment 0.37% 15.7%
Air 209 6.79
. Water 900 1.44x10°
Half-life (h) . 5 5
Soil 1.8x10 2.88x10
Sediment 8.1x10° 1.3x10*
Table 7. Estimation of aquatic toxicity for tonalide (CAS No. 1506-02-1)
Input Aquatic Toxicity
Property value Organism Duration End point Prediction
HC,  cH, ﬁ Fish 96 h LC50 0.027 mg/L
g o Chv 0.004 mg/L
Chemical structure 3 R
HALC CH, Fish (SW¥) 96 h éﬁéo g:gg;‘ 3;‘//%
H,C CHj
Log Kow 5.70
Melting point 54.5°C Daphnid 48 h LC50 0.023 mg/L
Water solubility 1.25 mg/LL ChV 0.007 mg/LL
ADME Green algae 96 h EC50 0.088 mg/L
log BCF 2.843 Chv 0.056 mg/L
E;ﬁf_rl?gf‘ma“‘m 11.17 days Mysid 96 h LC50 0.00134 mg/L
log BAF 4.058 Mysid (SW) Chv 32110 mg/L
Bioavailability 0.3-0.7 Earthworm 14 days LC50 159.191 mg/L

* SW: seawater

5.3. OHE L 2uld|E Tt

EPI Suite™¢] LEV3EPI™ Z2 7808 AL83IH, Donald
Mackay BH-S 2-83F Level I fugacity =92 AL8-3}
o] A (steady-state)oll 9] 7] 3HgHEe] 83 W
FEHIE o =3F 4= ITHUS EPA, 2012d). Z213]0] A
B2 M= ¥HE7], vllEFk(emissions values), ©]Fak
(advection values), B KocZ} E 23} w719} Koc
= AR} ks gAY SIEE 1 B CAS
W3 Qe 3 BIOWIN™/AOPWIN™, KOCWIN™
oAl Agks we $AS AT 4 Q) wlE E o]
Fa AR 3h& AR o™ %713k (Emissions
values 1,000 kg/h; Advection value for air 100 h, for
water 1,000h, and for sediment 50,000 h)yS Al8-3}]

AT Table 6 WlAZ ¢ P& T el
galaxolide(1.3.4.6.7.8- hexahydro-4.6.6.7.8.8- hexamethyl-

cyclopenta(g)- 2-benzopyran(HHCB), CAS No. 1222-
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05-5)° T3k LEV3EPI™ Z=2#e] 23] ZAwjolr},
Koc gk Alo1gh YriA] ghe the F4gz=s)e] At
S B m2 o] 27)gke ARSI

54. 4=y "ot
ECOSAR™%} ACD/I-LabS o]-83hH si=4S 4
g 4= 9)om, BCFBAF™S AMESIY AEs554S 1
g 4= U}k ECOSAR™E ofF, =257/ 59 sl
et S5 2 THEAES F5k=t], o] W Kow,
=EH, 29 g 88ixr} T3t BCFBAF™ME &
A9 KowE o83 BAF, BCF, AEWsg w7ty
(biotransformation half:life)ES ARk 4= At} ACD/I-
HZE Y=EshA AA°8-E, LDs, BBB 5
= Qlth. Table 7= PPCPse] Il &&=
3}sHE2  tonalide(7-acetyl-1,1,3,4,4,6-hexa- merthyltetraline
(ANTH), CAS No. 1506-02-1)9] th3} LCs(lethal con-

§

o
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Table 8. Physicochemical information of crufomate (CAS No. 299-86-5) from chemical databases and regression programs

a) Information from databases and regression b) Removal in wastewater after 10% h
Property Value Biodegradation 0.17%
. Adsorption 11.17%
A To air 0.00%
_ o ] o= Total 11.34%
Chemical structure = — : P -
P c¢) Partitioning Mass fraction Half-life (h) Emissions (kg/h)
N Air 0.0129% 7.49 1000
cHy Water 13.6% 1.44x10° 1000
Density 1.16 g/em® at 20°C Soil 86.2% 2.88x10° 1000
log Kow 5.70 Sediment 0.151% 1.3x10* 0
Boiling point 117-118°C . log BCF log BAF log half-life™
. . d) Eco-toxicity
Melting point 60°C 1.924 2.353 0.4423 days
Vapor pressure 0.01 mmHg at 117°C Organism Duration End point Prediction
Water solubility Insoluble Fish 96 h LC50 2.220 mg/L
Henry constant 2.46x10~° atm'm’/mole ChV 0.009 mg/L
Estimated values” Fish (SW) 96 h LC50 1.117 mg/L
log Koa 10418 ChV 0.047 mg/L
log Koc 4419 Daphnid 48 h LC50 0.004 mg/L
log Kp -2.169 Green algae 96 h EC50 158.770 mg/L
DAD (70.0 kg human) 0.0533 mg/kg-day ChV 21.423 mg/L
DAevent 5.04x10™* mg/em*atm Mysid 96 h LC50 0.008 mg/L
pKa 10.7 Mysid (SW) ChV 8.58x10~° mg/L

* Estimated by EPI Suite™ or Chemicalize in ChemAxon
** Biotransformation half-life

centration, 50%), ChV(chronic value) 5 54 4 2

oI},

Ak s S22 WS A8 E==3fof gt
2 AT o 9ol tigh oA =2 A, /\}—L‘—/HH =4
2 ZAEH oy FiFer 953 & e BEIt
8. IFEMW|O|E (crufomate)e} HZol FE-E W] AlF}
st PFHxSO| thaled, ¥ & Avigh sle=4 DB} 4
Z203e 53 33 JRE A, o) o83l A
FEAS Frlsid

6.1. FEZM|0|E(Crufomate)

CAS W& 299-86-5, [UPAC ©]2 N-[(4-tert-Butyl-2-
chlorophenoxy)-methoxyphosphoryl] methanamine2] 3}s}
EZ22 crufomate(E= ruelene)y= =W TAFABAR A

H ol AR =&V EEEA(MEL, 2018), 2
A 2 FEA ] AR8-ETH(Pekas et al., 1977). Crufomate
o tigk 5433k 8 Al B=4, 54, Kow 59 =2
3}84 A4 KISChem, ChemSpider, TOXNETY]
ChemIDplusol|A] A3z Farsldct. DB 7S A
S 4 §l= Koa, Koc, Kp, DAD, DAevent= ACD/I-
Lab 2 EPI Suite™ ZZ 7318 ARg3}e] =Hgk8 A9
t}. Crufomate= -77]%Horganic acid)®] FEejo]==,
ChemAxon®] Z273 Z '8}1401 ChemicalizeZ AF&3}
of sletEde] X2 HE pKa % log D, 5394 59
%;E—‘ FA5}3t}E. Table 8& crufomated] E2j3lels &
e g Aol

6.2. PFHxS

PFHXSE CAS W& 355-46-4, ITUPAC ©|&
fluorohexane-1-sulfonic acid®] 3}8+&EZo|t}. PFCs &
SR, FAHc2E 18EAA 22 FHA A5
e AEdort AEZEF K ot 2 fU1e
AEA &3, F2 2ol X2 FojA ZTHE] &
A =, A W T8 AIE Solth(Land et al., 2018;

trideca-
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Table 9. Physicochemical information of PFHxS (CAS No. 355-46-4) from chemical databases and regression programs

a) Information from databases and regression

b) Removal in wastewater after 10% h

Property Value

Chemical structure

Biodegradation
Adsorption

To air

Total

0.12%
6.60%
14.30%
21.02%

¢) Partitioning

Mass fraction

Half-life (h) Emissions (kg/h)

Air 1.61% 1.83x10° 1000

Water 3.73% 4.32x10° 1000

Soil 93.3% 8.64x10° 1000

Sediment 1.36% 3.89x10* 0
Density 1.841 g/em® at 25°C . log BCF log BAF log half-life™

- . d) Eco-toxicity

Boiling point 289.1-294.5°C 2.112 2.112 0.3127 days
Estimated values” Organism Duration End point Prediction
Melting point 41.25°C Fish 96 h LC50 301.319 mg/L
Vapor pressure 0.00458 mmHg ChV 33.403 mg/L
Water solubility 6.174 mg/L Fish (SW) 96 h LC50 381.972 mg/L
Henry constant 3.94x10™* atm-m3/mole ChV 83.960 mg/L
log Kow 3.16 Daphnid 48 h LC50 190.354 mg/L.
log Koa 4.950 Chv 24981 mg/L
log Koc 3.552 Green algae 96 h EC50 220.417 mg/L
log Kp -2.2167 Chv 72.203 mg/L
DAD (70.0 kg human) 0.00394 mg/kg-day Mysid 96 h LC50 129.773 mg/L
DAevent 3.73x107° mg/cm*atm Mysid (SW) ChV 7.965 mg/L
pKa -33 Earthworm 14 days LC50 5279.056 mg/L.

* Estimated by EPI Suite™ or Chemicalize in ChemAxon

** Biotransformation half-life

ME, 2013). &A%, PFHXSE HAIsh= 3= daay,

ARy o) ) HEA B Wl 28 wE
A g, ORI S Aol U AL e

7 AEfreEdolth w}ﬁ‘rf‘i dEde] AF d=F ¢
g3 o= 59 dFE 93 FEF EAZE 57 A,
71E DBE Sdie 4% A ARyt I5 7bs
A}, Table 9= PFHxSO| W3t EAgL 3 Ad=, o
o) ARe FYZ2IYE AHSe] FPEY.

7. &

T

gl XQ

—_

A ol T BFEEEFe DE A
SN AHg 7P SEHEA dlojelulo]: U
ol e RS ABFOoTH, AT W 058
F54 Bl Bag 71ZARE FPske o) 25
S48 F04 Sk AT ATEEE
G AV BhsR APl H8T 5 Y= A
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