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Human Risk Assessment of Perchloroethylene Considering
Multi-media Exposure

Jungkwan Seo', Taksoo Kim, Areum Jo, Pilje Kim, and Kyunghee Choi
National Institute of Environmental Research, Incheon, Korea

ABSTRACT

Objectives: Perchloroethylene (PCE) is a volatile chemical widely used as a solvent in the dry-cleaning and
textile processing industries. It was evaluated as Group 2 “probably carcinogenic to humans” by the Integrated
Risk Information System (IRIS) of the United State Environmental Protection Agency (U.S. EPA) in 2012. In
order to provide a scientific basis for establishing risk management measures for chemicals on the national
priority substances list, aggregate risk assessment was conducted for PCE, included in the top-10 substances.

Methods: We conducted the investigation and monitoring of PCE exposure (e.g., exposure scenario, detection
levels, and exposure factors, etc.) and assessed its multi-media (e.g., outdoor air, indoor air, and ground water)
exposure risk with a deterministic and probabilistic approach.

Results: In human risk assessment (HRA), the level of human exposure was higher in the younger age group.
The exposure level through inhalation at home was the highest among the exposure routes. Outdoor air or uptake
of drinking water represented less than 1% of total contributions to PCE exposure. These findings suggested that
the level of risk was negligible since the Hazard Index (HI) induced by HRA was below one among all age
groups, with a maximum HI value of 0.17 when reasonable maximum exposure was applied.

Conclusion: In conclusion, it was suggested that despite low exposure risk, further studies are needed
considering main sources, including occupational exposure.

Keywords: Monte-carlo method, Perchloroethylene, Risk assessment
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perchloroethylene Q1A ¢h& dod 7Fsdo] 9l
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ethylene AFE-S A o2 FAT P02 Qrhd
Rk o}t S8R Qg AA=EFS A3t 9
st m=texl=y 5-8-979] perchloroethylene Ul

L Y3875 (maximum contaminant level)2 5 g/
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the New York State Department of Health)ollX+<=
AT 2 Ao =58 BT dlEste] FAAY
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H3 Qloh S TRsisietE Ay ) ol oJshd
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5]

AFH7E =& Al Qo] E3E AT

3) lsl= 24

A= Aol ARSEE dY B =E2F AE
daEEe U?‘%ﬁﬂ Mo A AAE FDH AT
=2 AHgEATE a2 AR
H =2ATE &8st
e L:%ZJ(CTE Central Tendency Exposure)
7 g4 HN=EZH(RME, Reasonable Maximum
Exposure)S 2t} A-&-3te] QA =& %S A3
th. CTESH RMEROl ARE =& 5he At
A 9592147 (95" percentile)E ZH7t A-8-315 Tt
o1x] ¢ellE= vt} H]—O]—O]EHE% FHRE] A
Alstsieh. vlekelei o] 75 AlvE] 2ol et 4

== LZE}:(CTEQ]_ RME) vl =X X2
o] faAlFE =St e =] A
fAER A @] AEEE vEe R It
AN =E AHEste] A AT

522 WHE Crystal ball®(Oracle, Redwood
Shores, CA, USA)?] ZHIFIEZ Al&EFo|A7HE
AMgale] QBIEEES Tlotelal Bt (mean), F7HRE

(median)¥} 95WEL]G Fol| e =&TS APF3)
9k,
Inhalation ADD(kg o )—

CAxIR,;,,x ETx EF x ED x ABS
BW x AT x 1000 x 60 x 24

air —inh (])

ADD: average daily doses (mg/kg/day)
CA: chemical concentration in air (ug/m®)
IR;,,;: inhalation rate (m*/day)

ET: exposure time (min/day)

EF: exposure frequency (days/year)

ED: exposure duration (years)

ABS,i.inn: Absorption rate (0.6%):

*WHO, air quality guidelines, 2000

BW: Body weight (kg)

AT: Average time (9,125 days)

mg )=CW><IRW><EF><ED

Oral ADD(kg ~day BW x AT

(@)
ADD: average daily doses (mg/kg/day)

http://mwww.kseh.org/

CW: chemical concentration in water (mg/L)
IRy: ingestion rate of water (L/day)

EF: exposure frequency (days/year)

ED: exposure duration (years)

BW: Body weight (kg)

AT: Average time (9,125 days)
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THOE RS 7 I v =20, v= A4
A $AAF E3|(ACGIH; American Conference of
Governmental Industrial Hygienists)’)= ‘A3’ 5352
2 RS Q7 e AE8e deRA Bk
O TE U] ERlE AR EREY Aok &
E Agxtgo] wk=Zm perchloroethylened 244
AR 7T Fol Al mhg-olA 1A 292 5
Fol Al mp2e] AR ME B AT o
E(ratell s SEAE @y A S, Al
AEAE F gl AFHATES G Q1A 9
perchloroethylene A%5=(370 mg/m’) 54 =% Al
715, 71EEsl, 75 9 waAse] Sl
Hm, 7% (14800 mg/m® OHE w=2d A9 <
guﬂ el ]-F,H Wz W Abgol|7kR] o)|2A 2 4
QTh1® Aol uyoz perchloroethylene S7NE
740 mg/m’=} 1480 mg/m’l &Y =& F Ed|=23
AARE AAE Aol WER 1480 mg/m® o] el A
0 o == F SF7IAFH ] FEol #
ZE At I E Aol k=W perchloroethylene
2wk whgo] fol s Yeille Zlo® Wiy
AL, FA F AFME ] GstrAlL Aol =
perchloroethylene> b9t 2 HISA|ZIHZF Wy
lai/g 7ol dadol AT B EQQTE 0 [RISO)

o

W

<

AlZE  perchloroethylene®] TH3 77 SA43ILX]
(RMD)Z 0.006 mg/kg-dayelom w3 59 4%
FA(RIOFES 0.04 mg/m*] AT T3 HE 23
9 SREEE 2 6.1x10° per pg/Let 2.6
107 per pg/m*©]ATH(Table 1).

X

2. HHE sSE+F

Aety71e] 739 H 3d7k AN
F(08-10°)ellA] S E A= 59270 X]@ Z}E%
gaslgon AiFor &
DX 2 FESATE A= 7§ perchloroethylene
HAEEE 0027 pgm'oA0H, 95uE9|5 Fhe
0.126 ug/m*s YERRAT. A9)37t 5 E2/HolA
9] perchloroethylene A& H++ 0.051 ug/m’
o] ATk, At ekA oA =43 perchloroethylene2] 3
TEEE 0032 ugm’, B4E S A B4
e 0062 ugm’E HEHJL, diAsEe
0.004 ug/m®]Act. AU o}glE 3+ perchloroethylene
FEE 034 pugm’eE AEFsrs AU ofgE>2t
el ]O—.i>4-it‘4>—r7ixl o8 =7 UELtth A
slre] 2 A9-EA1S U9 perchloroethylene &=
0.007 ug/m%lML, Az 4L 0.001 ug/m*o) Atk

FEEoA perchloroethylene> HZETA] &t

Table 1. Effect of perchloroethylene for oral and inhalation exposure

Toxicity value

Subject Effect Exposure route/Duration (mg/m’) Reference
Human Dizziness, emotion dysregulation, headache, and  Acute inhalation/— 740° NICNAS, 2001
disgust
Awareness of ambiguity, coma, seizure, and death Acute inhalation/— 14800* NICNAS, 2001
Uterine cancer and non-hodgkin's - IARC, 1995
lymphomacorrelated with exposure to
perchloroethylene
Increase in serum immunoglobulin E in nonsmoking Cohort study - Emara et al.,
and smoking perchloroethylene exposed dry- 2010
cleaning workers.
Respiratory stimulus, slight light-headedness Inhalation/83 or 187 min  1554* Stewart et al.,
1970
Rat Mononuclear cell leukemia, significant increases in Chronic inhalation/ - NTP, 1986
both sex of F344N/N 6 hours/day, 5 day/week, for
103 weeks
Mouse Hepatocellular tumors, significant increases in both Chronic inhalation/ - NTP, 1986

sexes of B6C3F1

6 hours/day, 5 day/week, for
103 weeks

%indicate effect concentrations in the study.
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Table 2. Exposure level of perchloroethylene in outdoor, indoor air and drinking water (unit: pg/m’)

Pollutant Samphng N Median Mean (S.D) 95" percentileMax ~ Min  Reference
sources site
Outdoor Nationwide 592(325) 0.002  0.027(0.083) 0.126 1.216  0.000
Road-side 94(64) 0.010  0.036(0.065) 0.178 0.318 0.000
Residential 300(156) 0.001  0.020(0.003) 0.108 0.532  0.000 ME, 2008-2010
Industrial 198(103)  0.001  0.032(0.125) 0.133 1216 0.000 NIER, 2009
Background 78 0.000  0.004(0.015) 0.013 0.093  0.000 ME, 2008-.2 010
Water service
Indoor Apartment 400 0.070  0.340(0.130) - 11.070 0.070 management
Ground water Area of concern 1015(26) 0.000  0.000(0.002) 0.000 0.040  0.000 agency, 2009-2011
General area 1613(9)  0.000  0.000(0.000) 0.000 0.007  0.000
Tap water 1404 ND ND ND ND ND
(Table 2). = 9] AF-A & Th5o|8A1de] A4 = 3 OE E3HZEAN 285 AFHE =3
W 2% AR} ol A A ARUERE A0 o S5 Aol ola An waet SAE 4
243 ghe Agslinh 2Ab e AR ofdle]  # AR TR A T3] vl A

=
A, 258, Sk R AR 5 o) 2T

Zvoll thate] & 5270 AlZ(1370 A=W T4
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& 2 FUARE T8 ol83S THE Mgt
HE ALY, AbE A AR disiA A AU E ZAsith Alle] A ZE A9
perchloroethylene ZE=A] Ut A|sk+2] 749 o] FFo2 sdste et AFUER o8&
H 3dzF Ak S 2,628 7 3570 A o Th shuel A 5 F8 teoldAld e A
Aol perchloroethylene’} AEEUL? 58 (. 287 AF ARe e 5 HE B
< LA BRI EHER vesTh? w80l 7Fsd Askr AFHE =F AvE]| Qo 29t
S} THTable 3).
3. nEAUEIR ¥ =E AT
1) 224U L 2) =E2A1F
Perchloroethylene®] A0l =E5 & 8 HA2E LEATE S ATAEE 94 AABIAL 2
2 371552 T8 AR, FUREE A9 e T2 FEsnt o B0 204 ol A4
Table 3. Exposure scenarios by age-groups
Exposure Media Pollutant Location Infants c\liﬁzlr]egn Children ~ Adolescent Adults
route sources (0-2 yr) (3-7yr) (8-13 yr) (14-19 yr) (<20yr)
Inhalation Air Outdoor Road-side O O O (@)
Residential O O O
Industrial O
Indoor Home (@) (@) O (@)
Office (@)
School (@) O
Child care O
Facility
Oral Water  Drinking water (@) (@) O (@)
Ground water (@) (@) O O
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Table 4. Exposure parameter according to age-groups

Parameters Pollutant Location Infants  Young children Children Adolescent  Adults
sources 0-2yr) (3-7yr) (8-13 yr) (14-19 yr) (<20yr)
Body weight (kg) 9.12 18.99 37.83 58 62.8
Ingestion rate (L/day) 0.5 0.6 0.8 13 1.5
Inhalation rate (m*/day) 6.7 10.1 12 16.3 1
Exposure time (min/day)Outdoor  Overall 14 43 18 12 12
Street - - 25 20 31
Indoor Home 1426 876 911 783 901
Child care facility- 564 - - -
School - - 215 346 -
Office - - - - 213
JEFES] A5 HAblMe 9 Hawkdd 1425 TEFE A = =2AFAETL gl = &
mY/days H&sIAoeH, AP S Bt 733 HA =E2ATARE 0]&3I3UTH (Table 4).
IEE B AL e TEF Aol sliget AR FagdEs bl AEAFEE 20108 5
= 9y FF 3FE 160 mY/dayS UEFSZE 3} A% ARNE FEaen, ofdoelst Fado] g
At S8 AFFY A 24P Ffroks sk WollA A&k AlZRE d Het 7H7F 21587 346
05L, A9le 151 5 d9UEE &85 HATFS el Ao yeyth =E2dieeS FY 3% 4
Yol A8k T ol ofdle] B Fad  FEIAARe U =2uFe Besdn

Table 5. Results of exposure assessment of perchloroethylene by deterministic approach (unit: mg/kg/day)

Exposure . Pollutant . Infants Yqung Children Adolescent  Adults
Media Location children
route sources (0-2 yr) (8-13 yr) (14-19 yr) (<20yr)
(3-7yv)
Inhalation Air Outdoor Overall CTE 0 0 1.1895E-07 8.4310E-08 5.9331E-08
RME 0 0 5.8816E-07 4.1687E-07 2.9346E-07
Road-sidle CTE  8.5709E-08 1.9058E-07 4.7581E-08 2.8103E-08 1.4900E-07
RME  4.6283E-07 1.0291E-06 2.5694E-07 1.5176E-07 6.1823E-07
Indoor  Home CTE  1.4841E-04 6.6004E-05 4.0938E-05 3.1174E-05 2.8963E-05
RME  4.8321E-03 2.1490E-03 1.3329E-03 1.0149E-03  9.4301E-04
Child care 3.3746E-07 0 0 0
facility
RME  4.8321E-03 2.1490E-03 1.3329E-03 1.0150E-03  9.4301E-04
School CTE 0 - 7.6725E-08 1.0939E-07 -
RME - 3.3746E-07 7.6725E-08 - -
Office CTE 0 0 6.1051E-08
RME 0 0 0 0 1.0934E-07
Ingestion Water Bgtzlr‘mg CTE  2.1930B-05 1.2638E-05 8.4589E-06 8.9655E-06 9.5541E-06
RME  2.1930E-05 1.2638E-05 8.4589E-06 8.9655E-06 9.5541E-06
CTE 1.7043E-04 7.9170E-05 4.9641E-05 4.0249E-05 3.8579E-05
Total exposure
RME  4.8540E-03 2.1620E-03 1.3414E-03 1.0241E-03  9.5263E-04
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Table 6. Risk characterization of perchloroethylene exposure by age groups

Media Infants Young children Children Adolescent Adults
(0-2 yr) (3-7 yr) (8-13 yr) (14-19 yr) (<20yr)
Non cancer risk CTE 0.00878 0.00527 0.00458 0.00434 0.00423
RME 0.17028 0.10446 0.10395 0.09378 0.08733
Cancer risk Air CTE 4.0E-11 2.0E-11 1.0E-11 8.0E-12 8.0E-12
RME 1.0E-9 6.0E-10 3.0E-10 3.0E-10 2.0E-10

CTE 2.0E-8 2.0E-8 2.0E-8 2.0E-8 2.0E-8

Water RME 2.0E-8 2.0E-8 2.0E-8 2.0E-8 2.0E-8

4. &Y HI}
AR EA o) e =2¢ d¥dEE TEE
= ol FekollA] RME
7 A4 Al F ==l 0.00485 mg/kg-day= 7HE
& =S B3lom, Ae] 0.00095 mg/kg-day
3 e FoA 7P AL =E3 S B

9] v]F gl 0.00216 mg/kg-day, F ol
0.00134 mg/kg-day, 242 0.00102 mg/kg-day2]
5T BEE YERIT AEEE CTER 484
Br°10.00017 mg/kg-day), 713 5tFs(0.00008 mg/
kg-day), #3to}=(0.00005 mg/kg-day), 43 (0.00004
mg/kg-day), 3¢1(0.00004 mg/kg-day) <2419] =&
EEE UERAITH

g537HH=E perchloroethyleneo] Q1A 714 &
o] =& = X2 < AW FiF olen 59
=2 A Gfob HAetolA RMERE 28 Al 0.00483
mg/kg-day, P1F &5 0.00214 mg/kg-daySth. 3
golge] RME =& 0.00133 mg/kg-day, 4
W2 0.00101 mg/kg-day, 2312 0.00094 mg/kg-day
2 Gfroht vHSoksel Hla] iHoR m=E
o] Zott. F3 CTERS Ffols udez 319
< ) 0.00014 mg/kg-dayi 3L, U] slolE-2 0.00006
mg/kg-dayith. 3+ FHsolEe] CTE= 0.00004
mg/kg-day, HAF-L 0.00003 mg/kg-day©|A T, A
QoA =2A] =2 0.00002 mg/kg-dayiTHTable
5). A% JoEE o A =E2L F =E3YY
99%(CTE Z-&A] 75.1%~87.1%) ©)’-& A5t}
2R 2574, =olH F Aelx ¥
%3t perchloroethylene ‘=&7|9 ==
A 0.1%(CTE Z-8&2] 0.1~0.4%)°] B2 =271
Z7F w9 ZA el

)
=
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o

=

ethylene =7} A& o2 £kO ™ (Table 2), A7+
g5 FAE =29, A 5 oE A ¢
T Bl HIEIM = Rl ARk Al7ke] B4
o2 ZA7] wjioltt. ALJF7ke] Hste] AF7t
ol Al perchloroethyleneZt B Al Yehh= 7432

£ AP E FLEA e ATk F22Ab
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