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Hoa-sung Park, Ye—shin Kim, Dong-soo Lee*™ and Dong-chun Shin ™

Institute for Environmental Research, Yonsei University,
*Graduate School of Environmental Studies, Seoul National University

ABSTRACT

Although it is suggested that risk—based management plan is needed to manage air pollution effectively, we
have no resources enough to evaluate all aspects of substances and set priorities. So we need to develop a logi-
cal and easy risk-based priority setting method. However, it is impossible that only one generic system that is
consistent with all the use is developed. In this study, we proposed a human health risk based priority—setting
method for hazardous air pollutants, and ranked priorities for this method. First of all, after investigating previ-
ous chemical ranking and scoring systems, we chose appropriate indicators and logics to goal of this study and
made a chemical priority ranking method using these. As results, final scores in priority ranking method were
derived for 25 substances, and ethylene oxide, acrylonitrile and viny] chloride were included in high ranks. In
addition, same substances were highly ranked when using default values like when using no default, but the
scores of hydrofluoric acid and cyan and compounds were sensitive to default values. This study could be
important that priorities were set including toxicity type and quality and local inherent exposure conditions and
we can set area-specific management guidelines and survey plans as a screening tool.
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Table 1. Scoring criteria for acute and chronic toxicity

Score
Endpoints 1 2 3 4 5 References
inhalation LCsg (mg/m3 yE >15,000 ~ 15,000 ~ 1,500 ~150 15 Environment Canada, 1994
inhalation NOAEL (mg/m3)** >3,000 ~3,000 ~300 ~30 <3 Environment Canada, 1994

*LCso (lethal dose); **NOAEL (No Observed Adverse Effect Level)

EuHn e ARG E ez (34,
2002¢c), 71 B4 2zt A= A3 hE AAA
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7}=] 51 (Erin et al., 2000; Hansen er al., 1999; Mary
et al., 1997a; US EPA, 1994b) A Zo] £-o|3 H) o]
Bulolag olgsidt. & £Y 34 HAAL
HSDB (Hazardous Substances Data Bank), EU (Euro-
pean Union)2] TUCLID (International Uniform
Chemical Information Database), -7 ¥.9] 3}3+8-2
A ¥AE], NTP (National Toxicity Program)2} 7t&
ol 4511, &4 WM EAX= wlF EPA (Envi-
ronmental Protection Agency)®] IRIS (Integrated
Risk Information System), EU2] IUCLIDY] ;2
43y =Y Bt SRl A AuE 0
EPA$9] IRIS, IARC (International for Agency Rese-
arch on Cancer), ACGIH (American Conference of
Governmental Industrial Hygienists)2] B2 o] &
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Table 2. Scoring criteria for cancer classification

Score
Data sources* 1 2 3 4 5
IRIS E D C B A
IARC 4 3 2B 2A 1
ACGIH - A4 A3 A2 Al

Sources : US EPA, 1994b

*IRIS (Integrated Risk Information System); IARC (International
Agency for Research on Cancer); ACGIH (American Conference of
Governmental Industrial Hygienists); NTP (National Toxicology
Program); EC (European Commission)

A AEEla e AmQ] ZH-Fl g 3 F
A12] LCsp (lethal concentration)®} 9] whA]9]
NOAEL (No Observed Adverse Effect Level)& |
Batoleh 5A47E Ar2 A8 o )43 A5
Azl o] 7]E A9 A 1Y de 2 A
o7} glglem = (Al &, 2003; Erin et al., 2000;
Environment Canada, 1994; US EPA, 1994b), 2 &
Tl AR Ao} A FAHS wkdsle] A4
Hxg 24359} (Table 1).
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el A 2] ol 3t AFejF EPAS] 57 WHF9}
T T H4E Hod3 e (Table 2).

71et WA SAe] HE A=were Edwelds
(mutagenicity), 2] =43 (reproductive toxicity), %t
4 EA) (developmental toxicity), 417380 e =4
(neurobehavioral toxicity), ¢ A (immunotox-
icity) o4 57142 RS ol 7E A2w
< Fusted AAG Aoz 7b J8ke] endpointsE-
A 2]3}31(US EPA, 1999; US EPA, 1998; US EPA,
1996; US EPA, 1991; US EPA, 1986), o]o] #}w3}
E ASE ARkt 4 3 dgEe dF
Atz7} 7PsslebH SCRAM (Chemical Scoring and
Ranking Assessment Model)o]v} ARET (Accelerat-
ed Reduction/Elimination of Toxics)e} Zro] A<
Hrg A48 08o] 2294 Y e 7
o] w}gb=] 3} (Erin et al., 2000; Environment Cana-
da, 1994), A1A] 1T Ree) A=s} A9 Fg3}
A ¢k7] wFell, £ o Fo)| A= CHEMS-1(Chemi-
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Y4 2ol wpie Bustel 4 AR Ame| W
e A At RauEe A 1, 184
U S 0L AT F 5710 g H5E
gralated v} (US EPA, 1994b).

HEFHeoz ez =237 S 54 A=E
B s 3-2049) U B4 H4E A2
s,

2) =& FxA

=& A g A& G| GBS o]
$4, %4, NEFon Agstant 09 ol
Adell Hgk AlmEE= dr)F ol5S AHYs] $3)
o Al AYol sl A HelM zehEale]
o5& AWt W F74E A3t
(Hansen et al., 1999). o]u], & & Fol|A] = 3ol A]
o5k B0 3449 44 7l EURAM
(European Union risk RAnking Method)el| 4] 2] 14
EZ R AW 9l o] &3 Fristel At

) ] ;x;j_/[\_ ;‘_::]E_E_ ZA] . 7(—1_9_3].%1:}.
cal Hazard Evaluation for Management Strategies)<] = TTe e
Table 3. Scoring criteria for exposure potential

. Score 1 2 3 4 5
Endpoints
Mobility Vf‘}ll’]‘,’;‘)r pressure <05 0.5~5 5~50 50~ 500 >500
Persistence T% in air (days) <4 4~20 20~50 50~100 >100

Amount to air 1,000~ 10,000~ 100,000~
< 5 , )
Released amount (kg/year) < 1,000 10,000 100,000 1,000,00 > 1,000,000
Total score
[normalized from 3 to 100]
Human toxicity [3 ~20] % Potential exposure [2~50]
=T,4+Tr+T34Ts :(E1+E2)XE3
Ti: Acute Tz : General Ts: Ts : Other Ei: E;: Ey:
toxicity chronic toxicity | | Carcinogenicity chironic toxicity Mobility Persistence Amount
[1~5] [1~5] [1~5] {t~51 [1~5] [1~5] [1~5]
Mutagenicity,
Reproductive,
Inhalation Inhalation C!assif}cat'ion Devl;lopme;v:il, Vapollil‘ H?lf—'life ﬁlzz;s‘eg)
LCso NO(A)EL (for inhalation) Neurobehavioral, pressure in air air
Immunotoxicity

T; : Toxicity score for each toxicity endpoint, E; ; Exposure score for each exposure

Fig. 1. Algorithm for priority ranking of hazardous air pollutants.
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Table 4. Estimation methods using substitutional data for each endpoint !

Endpoint Available data

Estimation methods References

+ Data from tests of
another unit (ppm)

- ppm X (MW/22.4)=mg/m®> - US EPA, 1994b

Acute toxicity  LCs .
+ Data from tests of eight hours _ .
or less were used LCspir X T =LCs04nr X 4 Mary BS et al., 1997a
- Data from subchronic tests . = Erin MS et al., 2000
(28~90days) * NOAEL =5 Rachel RM, 2002
. . .. Inhalation . . . + Erin MS et al., 2000
Chronic toxicity NOAEL Data from LOAEL tests LOAEL=10 Rachel RM, 2002
- Data from RfC* + RfC X UF - US EPA IRIS, 2002
- Data from LCs, - LCso X constant (107)** - Layton DW et al., 1987

TLCso (Lethal Concentration); ppm (part per million); MW (molecular weight); NOAEL (No Observed Adverse Effect Level); LOAEL
(Lowest Observed Adverse Effect Level); RfC (Reference Concentration); UF (uncertainty factor); WOE (weight-of-evidence)

*RfC derived from BMD (benchmark dose) or LEL (low effect level)

**NOAEL/LCs ratio for chemicals having both of two values (Layton et al., 1987)

EA0] A&Ao) HF A2 dFEe 4
&9 A A2 o] 43ta o H|E A
galgon), B A7 Az B #A ] F
A 8] w7 e ALl owle] He Hx o
Al g8 71A] 71E $Ae9 AR 7ol 4
X7} gdsiFong o)g AHEdAH (A F,
2003; Erin et al., 2000). T3t B2 9] wj &) o8}
A 7] Fozo wEFE Adsigon (3
7%, 2002¢), A4 A=t 28] $XE ity
Qe 27 1~53E ' & =S A
3} o} (Table 3) (373 5, 2002¢; Mary et al., 1997a).

HEA o2 3714 A mel| el 77 1~57 0]
AEE D, B0 BA AHuel oA &AL
wlEg Aweol Fo FAe] 9lem=z (US EPA,
1994b; Hansen et al., 1999), X T7}1%] A2t ¢
33, W EsF HA4LE Fdle] 2~5039 =2 A
4 H5E A&

qA BA A=o] it ALE 2% Faksim,
E Y Az dF A5 BF FAkslo,
Z}7ke] w|ge] HF Ao Wt 7]odgo] T3}
2 3}7] 9ste] 103 o2 FA s} (Hansen ef
al., 1999), o] £ F3led o 1008 o] H==F gt
F 9] AdAe) o}g3ld Tt (Fig. D).

@A At dA 54 A =F AAH gt
Az Y He A5F A48k T oA wjEeko)
7HE gl BuHET 9l -2AFEH Al A 9] TRIY

Ed 46% A $AUEHE =EsluA) A8F
e Lg

AAT A8 E o3t 1xM o7 A8E A
23t F Aot e Al & 49 22 wby
02 data gape A2t &, A A8s} o4
7hs8t Sl 71E oA A e o
A ARE A3 P2 W o] &3}
(Table 4). o]o] Layton et al. (1987)2] <l 7o) o}e}
Aoz FA 54 A o838t g BA
A8 FA e A8 A FAs] 9
d ol gsls A4l 10702 HuEe 5 =4
X7} 536 EFEA FHeol, A& 2R (missing data)
of A defaultzt-g 5HO2 Hesl= A o
2 2AHRE 9d& 4 oz AA B dieMe
8317 gkt

=3 718 W3] 59 A& EPlwin (ver-
sion 3.10) (Estimation Programs Interface for Win-
dows) (US EPA, 2001)-& o] &3}e] FA3}gc} 3=
A el BE3ted Ayt =EEX o 4R
EA-o] el X defaultzhs A (1A, 243k
GA), AR (A2 ALt 95 =231
o} ool 71e} R SAel disiAe defaultZr&
gtz dsker, 54 A= dEid= -
Ae A4 71¥e] A48 4 =%, CHEMS-1
A AREF AE7VEC 23 AAE D e
o] 71} B B i3t JRE o435
(US EPA, 1994b).
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SFEs Ho57) s e Aol ofw 57
Amrh Hetedel HE el JFE v
Stobus] A, 7 Al 5 B4 2 BF A
ol W3t 37 A (regression analysis)2 Al A] 3}
Aet. ¥4 23 =&2H% A3 A S (correlation
coefficient, r) Zko] F3to 2 =7} U] v, R
2 BAST 04~060% 1}ew 7z A ESo)
2 F Agel d3 AA FFo=z wIHAHGE
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=23 4639 EA #4F A9 169 EA
(F A9 30%)& Table 59 A|A|3det. 1 A
F2 AF¢] EAZL VOCs (Volatile Organic Com-
pounds)2 FAIEe] glglem I 9 n|FEA
7184, 5o Tl Aol FE2HAUS 238
o] ©Z ethylene oxide: B]FAl f7]|E5A = H)
3 Here Tl o 54 2 B ARt
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o} ole] ®IZHE Aoz vehg.

2. M9 MY JIYH 7Y 220 s "ot

A o9 574 Axs) Hetede) 33 94
o ogkE w|R=A] dolry] M, 4 A=
#% A4 9 A% ol 9T 27 #A (regres-
sion analysis)& A A&t A} (Table 6), B QT A]
7l 24 9 ZUIeL i So= Qg o3
°of #8 Aoz Jepden, ol A5 H=E =
Ak 5o BshE Fa HEF Azl Hg 4 A
29 V=g A Hort & Aeld =3t
ol 7t d BASs) AdAellemg, A
g a2 AHASE 225771 o= dE

Table 6. Correlation coefficients (r) from linear regression
analysis of parameter values versus final scores
and sub-scores

Parameters ’ Nur(rilber of
" ra ata
Log inhalation LCso 0.0001 0.0255 37
Log inhalation NOAEL  0.1368 0.0855 24
Carcinogenicity 0.0443 0.1896* 44
Other specific effects 0.2335*%  0.3808* 46
Vapour pressure 0.2586*  0.2867* 44
Half-life in air 0.0037*  0.0311 44
Released amount 0.1028*  0.1402% 46
Human toxicity® 0.4488* - 46
Exposure potential® 0.7909* - 46

ry : correlation coefficient of the parameter to final score

ry : correlation coefficient of the parameter to human toxicity score
or exposure potential score

2SCOREaculc + SCOREChronic + SCOREumcer'I’ SCOREolher

P(SCOREvapour pressure - SCOREna-iife) X SCOREymount

*p<0.05
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Aoz e

Ame FRYE A=) Asted 4RA ¥
Mg ANT AR Table 7ol AASG oM, Ty
o35, WY Flet SY7] FAAo] A=Y
ot ZAzkel ARAE ko] B ATk 05 mlw
oz % 29 A#Ao) BAAE FE Aoz v
R 2 sjels AERe) AR A wske.
W mE §AMez fela gie 5 Ae
=g Aga] 9% Az 45 A5
Aoz B,

3. 0|8 At=of st nE

A3 =& o83 77 453 {3 AwE
< 7128 d7E EA= S, & A7 X
gA FAE Zolnt Al e FA d A =
A cdskel dsiA dubd oz eAE9 AA 7Y
A8A] LCso3t NOAELE A &2 Feo] H4314|
o, AEA g A &2F oldl Wit sH8A ol
32 Holqlet wF o]FoME EfFol HF 7t
A AR =& AT A 2 A 2ot
Z7] &l AAL e =EI|= 4A dx
(Mary et al., 1997a), "jA] A}% 7153 LOAEL
(Lowest Observed Adverse Effect Level)o|r} o}t
A 54 A3 5 4T = ok o] 94
A3 o019t} # < TOPKAT (Toxicity Prediction
by Komputer—Assisted Technology)® 72 QSAR
(Quantitative structure—activity relationship) 2.5 2]
o|-8-o] AQtE 1 g)er}(Mary et al., 1997a), & &
FolAE WA 7HeD 49 RN =g TS
fevs AF 24 2de] o) slsAel A
= Az et 4 =3 A 549 A=<l

Table 7. Correlation coefficient (r) from linear regression analysis between individual parameter values

Carcino—

Other Vapour

Endpoints Log LCso Log NOAEL genicity oxicity pressure Half-life ~ Amount
LOg LC50 1.000

Log NOAEL 0.373 1.000

Carcinogenicity —0.010 -0.290 1.000

Other toxicity 0.279 0.412* 0.270 1.000

Vapour pressure —0.243 -0.038 -0.222 0.010 1.000

Half-life in air 0.033 -0.210 0.080 —0.060 —0.040 1.000

Amount 0.224 <0.001 ~-0.168 0.163 0.085 —0.066 1.000

*p<0.05
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+ ethylene oxide, acrylonitrile, vinyl chloride,

AN
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