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Literature survey on health risk of trace substances

Izumi Nishimura

Abstract

The aim of this literature survey was to gather the latest health risk information of 22 trace chemical substances emitted
from thermal power plants. The information includes strengths of hazard and toxicity thresholds. These substances were
acetaldehyde, arsenic (As), benzene, benzo[a]pyrene (BaP), boron (B), beryllium (Be), cadmium (Cd), cobalt (Co),
chromium (Cr), fluoride (F), formaldehyde, hydrochloric acid (HCl), mercury (Hg), manganese (Mn), molybdenum (Mo),
nickel (Ni), lead (Pb), antimony (Sb), selenium (Se), vanadium (V), and Zinc (Zn). They were designated chemicals by the
Pollutant Release and Transfer Register (PRTR) law of Japan. The survey revealed that 12 chemical substances had
carcinogenic potency, and 17 ones showed non-carcinogenic toxicity by inhalation exposure. Thirteen among 22 substances
were carcinogenic, and 19 of these bore non-carcinogenic toxicity to human when they were orally exposed. Inhalation unit
risk (UR, a measure of carcinogenic potency) and inhalation reference concentration (RfC, a measure of non-carcinogenic
toxicity) of these substances were summarized. Oral slop factor (SF, a measure of carcinogenic potency) and oral reference
dose (RfD, a measure of non-carcinogenic toxicity) were summarized together. By definition, larger inhalation UR and larger
oral SF, as well as smaller inhalation RfC and smaller oral RfD indicate greater hazard to human. Because the RfC and RfD
were derived from toxicity thresholds in original epidemiological and toxicological studies, these threshold values were also
surveyed and tabulated. Substances with relatively greater carcinogenicity among the 22 of those were BaP, Cr, Be, Ni, As,
and Cd. Substances with greater non-carcinogenic toxicity were Hg, As, Cr, Cd, Be, and Ni. Obtained results indicate that the
hazards of chemical substances differ not so much by the route of exposure, but substantially depending on their chemical
forms. Accordingly, for the accurate health risk assessment, the forms of chemical substances for risk characterizations

should be matched with the forms of those in the actual emissions from thermal power plants.

(Environmental Science Research Laboratory Rep.No.V08047)
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UR BNMEREN D, RROWAY X7 OBEIC

(5

(CHEET D72, %<
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(%)
= 100 BYRERICLD
X FERIGHER
XS
4 /
o FAERGHED ®
N 95%E4ER R D TR
T s0 - 5
& BMDL,, o
:<\ (BMDL) .’.’ BMD,, @
c 10 e ‘
= **
0 | | | /ﬁl |
0.0@ ®
0.01 0.1 1A 10 100 e
NOAEL LOAEL
EEHE BRISHE

BMD: Benchmark dose

YRR TORAE RGN DR O-ERIGEIE

Rt E (RERTORESRTE

PEERICIIBEOEBLGE)EERE

BMDL: Benchmark dose lower confidence level
95%(EHERAD TFEMN10%DBMRE 5% 22EE

B4 RUFT—o F—2X (BMD)

E. URIERA Im® UMW 1 pg BNFEAET
LA DHRNIMERL D, BOKOKEO Y AT
DEEITIE UR IZECEK 1L IS 3% E 1 mg
WDIEET D5 A ORNBARERE 12D,

2.2.2. ERMVAENH

TN AEMEDO M BROSIT, —EMEETH
EREEIIENT, DOHE (BfE) Z85ICK
JIEMBELT 2 EEZ BN TWD, E> THE
BOGFHINI, EFEoEMFR DT — 2 b3tk
B L L TR KRIBERED D WV ITHEEMEE
(NOAEL: no observed adverse effect level) %K
O, FRETICE FTOFRREANT 5, %
PNAMEDBETHOLZDREN VAN = A LITHD
L TRMENFET 25613, BEIZHESWTEF
REERODDLZLELH D,

FRBEZRHT I A7 AL ND
DAMERS ZWR L., EESEMNETH LN
7o MR E 2 — & DR ¥ (R FEMELR % UF:
uncertainty factor) Tkr3 2 (X 5), UF IZi%.

Ot bOTF—2ORbVICEHT — % %5
Mz (B L b MIBIT 5 M E O RNERE
DF (F 7 4V ML 10 OFHR=10") &Gl
WE OMBEANEZEDZE (1077) off), @t k
TOEANZE AN E EZtomoe
RENYP—RNG5FH720) OFET—% DR
boizatk, WatEoT —% 25 (GEigE
DTF—H2Te hO—EEOY A7 ZHET LT
B) . @NOAEL O 0 [ZHFFE TRLE: S iz ik
/NEEEE (LOAEL: lowest observed adverse effect
level) Zfli-7286 (HOEMEREL LOAEL
LRV ATREIEN B 5 72 8) . ©FFHICfE 5 7 —
2 DEEME GEARBCCMT F1E L) © 5 fiE
NdD, ONL@OIXENENT 744 bH 10
T, ®IEF7T 740 bA 3, HFHHEH THREEIN
RNEEBEZLNDIEAICITINEAIRS, O
2 HEDFEN 10,000 B2 25 65121E, €DV
A7 FBIIEEECRIT D EEZ LN D,

SRR TR R R OME R ISR OE SRR R
& - T NOAEL X°> LOAEL fEDS R E->TLE 5
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LOAEL
=/INEHEE /
305
% T P NOAEL BMHARICLD
£3 HEE mENE P8 RSB 4R
48
= /
0.0 ] .' ]
0.01 0.1 1 10 100 = (mg/kg/day)
o SHEIZRET DA HEES > BREFRAD
« 1IJ8H3~10. #+dH1t T10,000LL I
- ET—AORDYICEYMT—2 (FERZE):10
- EFTOREAE. RZHEEEEE:10
- EMETAORDYICEE-FIET 510
— NOAELOHHYIZLOAEL:10
— FM@EICEST—EHTTEE:1~3
X5 ATHEEEERHE
7o, R A MERIITHR L CERIE L Y EfE Abdb, BA, ROBEICET D3N AN,

72 POD % 3K % 722, BMD X° BMDL % fj\»
52LbHD, T, BMERT —Z 06K
IR OBMEA e b TOREHNREICHIE S DR
i, HmOEKE, R E, UKER S, B3
L b FDOEWERREDICOWTEME 25 X
IMIET DN o D, TRERE DT IS
<&HBEWIX, 1 3 8 W], ¥ 5 B, EhfeFE,
7% E OB I OV T —fRAREZIE L7z 24
R[], H 7 BIgEE 72 EICHAR T2 ERH D,
O L TR -mMERMED b SRR & A
UF TERL T, RfD, RfC. & %\ IS MRE L
~L (REL: reference exposure level) /)N U &
7 f& (MRL: minimal risk level) 72 FOH B E
BT 5, EEESSHA RT7A4 0% RO DERIC
TGO NTZRIDPRICZ 1 Hb D WX 1 BH[E
DOiFEE, EEEO LRE LTEHAEL, WA E
Hu & (TDI: tolerable daily intake) =i %Z% i ] %
AR AR
& (ADI: acceptable daily intake) & L Cnd 43

& (TWI: tolerable weekly intake) .

RN AEHEICBIT D —
WMz 61 Z/r LTz,

HO U R 7 FHIFE O

2.3. BRE=ET

MR R RN IT, BHEAETE FRRBICZT
TBRBEEZFENTHZLICL o TRD D, BHE
X, RBEITE NOENICASTZIREDE O
BE, TOEMICBWTZORED  EHET
HRENE D, EOUEPBIERNICA - RO
I, RN, REHRRE., PRitER 07—
AN DHGEITIE, AEEDNRIT DIELETO

R ELBE L, KVEMRY X7 28m T
X5EALHD, L, B hOENICHIE?
EHDAALTZ Y s L7z LTEREE
BEHERET L EIETE RN, 22T, WIER
FERE 23 ATRE 72 AU IR BE Ol . BOK R B A &
2, PR, oK, BRICK > THERRNIZADEIG
ERERUHZECBBEELZIMITHZ LIT 5,

]
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i
T AR BE - BYER e BEROD o AETOREE
£ #m F—4 MEERE T ReE DEE
. POD A AL ROATEEN
%b\h'l‘i (10%%75§/\J{-|E*) 9 E l‘%m é (UR) 9 E%ﬁ%?ﬁ é 10""1‘9 &
% 7&6&1;’%
SERAA RAfE E %0 _ RS R SERE
=t (NOAEL BMDL) > (&%) = BE > "up > (RO
. POD A AL ROAREN
ROAE  ousmpps > EPEE D> Tart > meAE > 133;;;

Ok

ERMNA REE > E
= (NOAEL, BMDL ) (%)

SHRAE

_ RSP R
> RE >""gp > (rD)

POD : YRV E MO HFES

* : LED,,, BMDL,,

X6 URYFHEEFTEDR

T FEEOPEHIED D Ol B & T 5
WZiE. BEHETE D & OO RER TOBE), A
W, RN TORME. S5 FERREOE L
mE e MRBICEDLEFTOIE IR %,
ET ML o ClEEH X CBLEORE &% B
TOMERD L, REPTOEHNDE MIED
R NAEHME R T2 0, BT VOFEKEZ L5
CENHETHD, —h. FHli R E Ok
BN R REE T O SR & ol U TR
ThHHEHEIT, BEFTOFFSEZENT L2
SRR 7R 72D BRI R R B E 2 AR
EOTLHREOTRPLETHD, L LERE
21X, RFE OHEHIED D O/ EOHE Y E D R
B CMIRIRE ICA R S 1L, 2 MENICERY
IAFE AL, TORIENITH - 7= B b OB NGy &
HERT DI LT, B FOAEREY A7 24
TET D 72 O EE ERHL & F2 TT O Z L.
BUEDHANHIREE NS R CHREETH 5,

2.4. YR DHE
URA7OHEITY ATFOOE SO HET

HY, E NTOHFBEELHEODBRBEN LD XL
IR EHBERICH SN ETRTHEZ TH D, ES

REMH TR TOFET — 205 Y A7 M2 1T
IEDOHI A THHPODNHRDI-E NFRE
L. ERRETAGEACTROZBEDIRFEE L
OBfRE LT, 2 E T HIX HQ it (M
B/ A E) L, B RBRRITLY AT OEK
SEHFELTCE, RETIEH, FERIZEEN
% UFfEZERE L., EFFHTO POD £ Bl
DR & Tk L 72 (POD,/ 1% %) MOE <> MOS
NEHLN TS (K 7)), MOE IZX5 U A7 D
I E FEYEE @ E 100 TH 528, FAERMETIX
1,000 BL EASRD Hiv, F7@ ST 100 AR
DEEbH D, Flo, MERIGFHED T & 72 -
7= EH#FFED UF & MOE % thi#k L C, UF L V&
MRETHIZY A7 ORMMA+5r. &35 HE
HEbH D, L, VA7 BRI Bl
ORI REL WD T I AV, T O
Hix, MrZERT 58U L2 238 —ED
UZR71FH0., VRAZBREr, DF st
EWVWH ZEEBV BRI LTHDL, £, K
HEHICHRL LB, UAZHEZTI A7 D
RESICHT 2 ENRBLEZRILTDHDT,
A7 DRESHEDZITIED E S HWT 20
E. BARFENEMARET SMHEEO S 0TI
< AR OFERICTKD DO TH 2,
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MOE. MOS

)

R

7

i

® < HQ. HI < UF. MF

Ty
BEOLMBEE | | AEMORS | | ErosuFmRcOSHEE
(ETIVETE) (RfC. RfD) (POD&LT@DBMDL, NOAEL)

MOE: BBEEY—U 2 MOS: REY—U 0 HQ: /WY —FIBIZ. HI: N —FIBH UF: TSR MF: B8R E
RfC: SBEE . RfD: SHBHAE. POD: it H & . BMDL: RUFIT—IR—R{EE TIRE. NOAEL: EEMH S

1. ERVABEIZCETSIRIHE

1=ZX

BAR T EHMED & 5 F8 5 AT BSOS BRI
BB 22072 1EkIE MOE 128 % U 274
ENT T o7z, LML 2005 272> T
FAO/WHO Joint Expert Committee on Food
Additives (JECFA)XT 7 U LT I RDFEN AM:
2B 2 Y X7 HE % MOE TiT o 72, Z D
® POD (ZIFFLE S > BMDL 728 v 54T
W5, MOE OMLICIZEM R (F > iikE) To
FENRE (50%FENAME) b RIEHFEOE
I B %% £ %9 5 HERP (human exposure/rodent
potency) <° EPI (exposure potency index) 723>
s (K8, —J. ERMABBEDELE
(21X, POD & L TEMFEBR T D NOAEL 72
Enbe FTORERICHIE L EAED
na,

—MRIZ U 2 7 B &R AE, BRI A IR
L2 EBDNNRLEN, uRIZHFDOEIDIZH
L2V 27 OFEFEH LN L TEDORE S &G
o7t ATHDL, ZOD, REORE
EABFEEOBIEIZK LT EDORERBNH 20
ZH|E T 5 Z & (characterization) 2ZEH (272 5,
Fo, BAEWHEO ) A7 #RET 2B

EWED S HEOWMEN—FE NIFAEITKL
TRIBBDIRNDENDLERDY | ZDOEED
X722 U 2 7 O FB & LT MOE 73"&%&
(Z72%, F£72 MOE I&, WMA LN ERRD
BREEREE DY 27 255 L TR 2 B Y R
7 #Ffi (cumulative risk assessment) %179 Z &
MTE, SHOBAENRY A7 FHMICE % B <
FEO—DTH D,

2.5, VDRAYVIBEHRDAERE

REETIE, kN EFHENMELFDE
9 B PRIRVEDX G L 72> TV D WHE 22 IS
SNWTC, AEEEm L, 22HEIX, T T
T e R, BFE (As), "UFE (B).
Ny, RYU YL (Be),

231 k (Co), 7 7 A (Cr),
#il (Cu), 7v& (F), RVALAT AT E R,
fbkFE (HCD, KR (Hg), ~>H> (Mn),
EFVT7TY (Mo). =y 7 (Ni). # (Pb),
T UFEL(SH) . EL U (Se)  NTF YT A (V)
figh (Zn) Th 5D,

~ /' a]
vl > (Bap).
BRI v A (Cd),
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E MOE, MOS E LEDy,
3 BMDL,,
: ' T
2 ' tlos
A ! HERP !
{), i _ (Human Exposure / Rodent Potency) | . EYEREBETD
. X 50 2 R Eh
i _ (Exposure Potency Index) i TDos
] N A
0 BERE
HEDBRE=E - —
—! MOE, MOS : 8. Zav—u LED,, : BT D10%EAARE
HERP (%) =k MERE EDTD,, |BMDLyg : 10% N FI—Y A=
EPI=E MEEZE "EMDTDys Tos : I TD25%HEMNARE

X8 HMNAKIZEITEH)RVHIE

£2. RAELE-EARSNDEGHKE

URL

ACGIH: American Conference of Governmental Industrial Hygienists http://www.acgih.org/home.htm

ATSDR: Agency for Toxic Substances and Disease Registry

US EPA: Environmental Protection Agency
IARC: International Agency for Research on Cancer
IRIS: Integrated Risk Information System

ITER:International Toxicity Estimates for Risk Database

JECFA: Joint FAO/WHO expert committee on Food Additives
OEHHA: Office of Environmental Health Hazard Assessment

RAIS: The Risk Assessment Information System

http://www.atsdr.cdc.gov/
http://www.epa.gov/

http://www.iarc.fr/
http://cfpub.epa.gov/ncea/iris/index.cfm
http://www.tera.org/iter/
http://www.who.int/ipcs/food/jecfa/en/
http://www.oehha.ca.gov/index.html
http://risk.Isd.ornl.gov/

RIVM: National Institute for Public health and the Environment http://www.rivm.nl/en

WHO: World Health Organization
MEEANEFMEFEAR R
LEMEI RV EBHARE 22—
RIEHE

EEFEE

I ITBUE N B FR B i B AR AR
NEFERTREERESR

RMOKES

http://www.who.int/en
http://www.cerij.or.jp/ceri_jp/index.html
http://unit.aist.go.jp/riss/crm/
http://www.env.go.jp/index.html
http://www.mhlw.go.jp/
http://www.safe.nite.go.jp/japan/db.html
http://www.fsc.go.jp/
http://www.maff.go.jp/

2MED S H14AMEIX ARKT)OPET A |
PEAKIZENEE S5 '8 & LT PRTR J& 4t
PEHETH DHPHFHEMR AR I TND (R
1), RIZEFRVWEY 77 0%, BRES ORI
WCHEEMHEN L > TWD, 2D IEATH (4
Ff, 2006) THIREML TH o7z, ZHLST
FIRKNFEEF D DHEH SN TV D ATREMED &

LIME(TE T ATE R AN Y [a]lE L,
NPy il AL LAT AT e R, HEbKE,
8 A HICRAE NS L Lz,

BIE L 22WEIZHOWT, BRSADIZIET
TOFERLD Y A7 FIEEDO Y = 7% A 18
TR Y A7 FHIME DT — 2 RX— 2 &R LTz,
BB LI URLO—HAR 2R LTz, V=T

©CRIEPI



A FCIELTZEHWED ) A7 EIZOWT, %
D FEFFRIZ T 2 BARK 72T ROBEAR S, HEAE
B, FPERRE OB H FIER & A2 FEMICHHET S
728, EINSA O 100 ¥ O CEkE AT L THH
L7z, XHkDOMFEIX PubMed, Scorpus 7¢ £ %
Vv, ENEESXESE, (W) EERESERE
H—7p 80l U TR E AR LTz,

3. DRAVFRHRDAEER
3.1. BEREBBLVASTHEENIDY

27 &R

AT G E D AVRTRZ K DI AME &
DAFRIZOWTIER 3T, FERPAFEEZOD
MRS 2 D NS EMERBEIC VW TIEF 41, B
BREEIC L DD AMEEEPARBIZONWTIEE 5
W, FERBATNEE F ORI 225 NS EMERE
WZOWTIEER 62, ZNENRLI,

BEWEOR CILFRRENNC R 5 ) 2 7 15
MRENTVDLELAICIE, TOTRTEIFREL
oo BREEFEOHASLEP ORT S WREZRIR Y R
T o7z, FTo, B R LA EFME
DR ST, A SR OFN A D F F 5
HALTWAEAIXZEDOFIHtER LT,

FAEOREF. BER (FEAF, 2006) LIKE, &V
27 TR B W THi 72 LT RE O I
DNWT Y R 7 FHI2 72 STz, Filc e EMFRIC
FEONWTY R 7 GRS 72 ST L WEFE R R
ENf, MEHA RTABNIEREDH LR &
DIZZEDHENED ST, 72 EA SO FH R A
UleEix, e R XV U A 7 vHE, KR,
~ U =D 6 WMETHo T, THHO
BHR BT 6MED I L, BikT2ETMND
£ 10 (IR S FHl A E IS B S i 3 WE
(=w . K vFE) L. ARIOFHETH
BUCIRY BT 72 7WE O 10 WEIZS W T,
WHENZRICEmE T L, 10 WELAMZ OV

TIXBESR (FEAF, 2006) OB A SR ENTZ 0,

3.2 HFMELUVEHMED ) RV IEH
£ iR

3.2.1. 7 r7ILTE K (Aah)
< FEPERMK >

T T AT B R IARC D% M ARG T
IZ 2B(URL-9) ,US EPA Ol T B2 & S,
FENAMEDRD %,
<N >

W A\M&#Z X, OEHHA 7% Woutersen © (1986)
OWFED LI, BROERHO SF & 1x107
(mg/kg/day)’. UR % 2.7X10° (mg/m’)' & LT
W% (Aah-URL-6), Z DX/, USEPANT v
r TOHFSE (Woutersen and Appleman, 1984) %
TS, RO RO E 721X D UR
%2.2%107 (mg/m’)! LRIEOEEETEY 107
DY A7 LULiE 5 ug/m® & 72> T3, (Aah
-URL-1),

FEFR N APEIZ SV TIL, US EPAZ Appleman
BDT MW O A FEER (1982, 1986)
b oz, MEROEMEZIFEL LTE %Al
R (HEC) %#87mg/m’EEHLTWS, Z0D
72> HUF% 1,000 (REMEPE 10, FERHZE 10,
W7 10) . MFZ1& LCRfC%EZ 9X107° mg/m’
& L T35 (Aah-URL-1) , OEHHA % Air Toxics
Hot Spots Risk Assessment Guidelines Technical
Support Document For the Derivation of
Noncancer Reference Exposure Levels® H1 TUS
EPA & [F UOFZE 2 VT, ISR R~ DR E %
FRIEIZBMCys % 178 mg/m’, HEC%242.1 mg/m’
& L Z N iZ Time-adjusted exposure i IE & 171>
432 mg/m’ L L7= b D% UF 300 (H1BME10",
R 710", FEPN 30 (Toxicokinetic 10",
Toxicodynamic 10) ) Tk L CREL% 140 ug/m’
L LTW% (Aah-URL-2) .

<O >
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ORI IX, TARC THE, WHEH, RIE~D
TN AMEDFER S LTV % (Aah-URL-5),

IR A FME TIEFMEE R L TV D8RSI
FEIZ 720,
<HLHEME - A KT A fE>

DBRETIE, KEKTERMNEEWE L LT
HAEEIXED G TWRWA U R MOEZEET
b TW5, (URL-4),

3.2.2. EZ% (As)
<WRA, R EBREE >

Wt ABE#E (X, OEHHAMREL D 7= % O EHF4E %
Nagymajtenyi > (1985) O FE)> 5> Wasserman &
(2004) & Tsai & (2003) OHFFIZET L,
RELZFHE LB LIc, N7 77 20/hR
Zxtg L L7~ Wasserman 5 (2004) O#% OBEE
DG RN SLOAEL%2.27 pg/L & L, 2+ %ZUF 30
(LOAEL 3, fEiN7E 10) TERL CTREL%Z1.5X
107 ug/m*e L7z (As-URL-1) .

FRE ISR OBRFEICB W T HIE U EMFEZ A
T LOAEL #% 0.105 pg/kg/day & L. UF 30
(LOAEL 3, fENZ 10) TR L T REL0.0035
pg/kg/day & L7z,

3.2.3. RNy
<FFMEaEM >
ARV Ta] B L i TARC D% A AVEREAR Tl
1 (URL-9). US EPA ®FEffi T B2 & S4v, %
WERD D,
< W NBREE >
W ABE#E (X, OEHHA 7% Thyssen & (1981)
DWFFEE S LT, NDAZ— DI S~ EE
®» SF % 3.9 (mgkg/day)'. UR % 1.1X10?
(mg/m’)' & LT3 (URL-8), ZDIFH, RAIS
2% UR % 8.8 X 10" (mgm®)' & L TwWw3
(Bap-URL- 2),
RN APEICHONTIE, BRI
W HEERIIE ARV,

Jlal]EL > (Bap)

mIE R LT

<R DR >

#% M #E X, OEHHA 7° Neal & Rigdon (1967)
DR ZE S LI, vV AOHENPADORKE SF &
1.2X 10" (mg/kg/day)’ & LT % (Bap-URL-2).,
US EPA Tl% OEHHA & [6 U FEF5E % H T,
UR % 2.1X 10" (ug/L)"'.SF % 7.3 (mg/kg/day)™'
10°D U A7 LUbZ 5X107 (ug/L)' & LTW
% (Bap-URL-1),

FEFE S /U BME TR, FRIC B
e IE S E A AN
<HEYEE - A RTA >

WHO [Z8EHKE AT A N A % Polynuclea
Aromatic Hydrocarbones (PAHs) & L T 0.7 mg /L
L LT3 (URL-5), % 7= European Commission
(B M & B 4 ) I COUNCIL DIRECTIVE
98/83/EC of 3 November 1998 on the quality of

R LT 5

water intended for human consumption @ 727)>C,

FEYEME A 0.010 pg/L & LT\ 5 (URL-7),

3.2.4. R+ (Bnz)
<A >

N ¥ U 0E TARC O30 A PEREM TiE 1

(URL-9). USEPA OFHliTH A & Eh, %N
IERS B,
<R Wk iE >

W NBE#% X, OEHHA 7% Rinsky & (1981) o
WHgEza b &2, b MECERE O QMK O SF %
0.1 (mg/kg/day)'. UR % 2.9X107 (ug/m’)' & L
TWw5 (URL-8), Z®IiEAH>, US EPA X Rinsky
5 (1981) DIEnEEd e h~DOIEBENTEE %
JEIZ, [AIMIFE O UR % 2.2-7.8X 10 (ug/m*)", 107
DY AT LT 1.3-4.5 pg/m® & LTV 5 (Bnz
-URL-1)., RAIS {Z UR % 7.8 X107 (mg/m’)", SF

Z 273 X107 (mg/kg/day)! & LT3 (Bnz
-URL-6 ),
FEFE D AMEIZ DOV TIL,. US EPA%SRothman &

(1996) Dt MECERRZE OHNITEN G B MLEREL
DD & FEHE L L CBMCL%A8.2 mg/m*E: L T\
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%, ZOfENBHUF 300 (BMCE HW\W=Z & 3,
HARPE 3, 7 —F OAERN 3, FENE 10) |
MF 1T L TRfC%3 X102 mg/m* &3 H L T
% (Bnz -URL-1) , OEHHA % Air Toxics Hot Spots
Risk Assessment Guidelines Technical Support
Document for the Derivation of Noncancer
Reference Exposure Levels® H T, Tsai® (1983)
DO E VT, &R ~DEELBEEIC
NOAEL%0.53 ppm, HEC%0.19 ppm& L, ZHh
ZUF 10 (FEPN# 10) Tk L CTREL#%0.02 ppm

(60 ug/m®) &k®H> T35 (Bnz-URL-2) .

<ﬁuﬁ%>
% O BE# (X. OEHHA 7% Pliofilm Cohort

(Paxton © (1994)) & Chinese Worker Cohort
(Hayes & (1997)) O#f%tx b &2, & DA
9% @ SF % 0.1 (mg/kg/day)”’ & L 7= (Bnz -URL-
7). US EPA TIIW ABREE LR U b b ~DiREE
e % tic, & O AIMFED SF & 1.5-5.5X 107
(ug/L)'. UR % 4.4X107-1.6 X 10" (mg/kg/day)".
10°D Y A7 L~UL1E 10-100 pg/L & L7z (Bnz
-URL- 1),

FEFD AFEMETIL, US EPA 23 AR & [A)
U575, BMDL % 1.2 mg/kg/day & L, 24
% UF 300 (%A D BMC # Wiz & 3, fifg
PE 3. T X OARERME 3, FNZE 10), MF 1
THRL T 4.0X10° mg/kg/day & LT\ 5, fliic
IX ATSDR IE, $0)% A ~DF B A 5 & LT MRL
%z 0.03ppm & L C\5% (Bnz-URL-4),
<HLHEME - A KT A fE>

RN Z B TiE S pg/m® (FEFY) % REUEHE
&L TWwW% (Bnz-URL-8),

HARTIEHAKEKEHESME LT 0.0l mg/L
(URL-4), FRMNZEEZ T 1.0 pg/L (URL-7) .
WHO TiEH A K7 A A% 10 ug/L (URL-5)
ELTW5o,

3.2.5. &4 (Cu)
<EMEEK >

#ilL TARC DFEH ANEFHAT CTlL 3 (URL-9)
T, BRAUER S D LTV,
< WL NBR R >

e NBRE R D FEF N A FwMETIE. RIVM
(Cu-URL-2) 7% Johansson » (1984) DHFZET
DY X ORI, HER~DRBELHIEL L
T. NOAEC % 0.1 mg/m*> & L. UF ® 100 (f&
M7=, fN7E) THRLUTTCA 2 1ug/m’ & LT
W5,
<R D MR >

O EE O IEFR N Lm I DV TiL, RIVM
(Cu-URL-2) 7% Massie & Aiello (1984) DA
Fea VT~ U X DORERD 2 FiFEI1C LOAEL
% 4.2 mg/kg/day & L, UF 30 (FEffZE, FENZE)
TH LT 140 pg/kg/day & LT3,
<HEYEHE - A KT A ME>
HARTIIAKRBEAKRLAEMSE LT 1.0 mg/L
(URL-4) | kN ZE B 22 T 2.0 mg/L (URL-7) .
WHO TlEHA KT A4 fli% 2 mg/L (URL-5)
LT3,

3.2.6. RILLTFITELFR (Fah)
<A >

RIVAT VT B RIX IARC OFE M AR C
% 1 (URL-9), US EPA OFFfi T Bl & i,
FNIERD D,

< Wk Wk iE >

W AWE#Z (X, US EPA (X Kerns & (1983) @
7 v NOWEE TTIZ, B B~ D
ZFRIEIZO UR % 1.3X10° (ug/m’)', 10° DV
A7 LN ix 08 pugm® & L TW 5,
(Fah-URL-2), OEHHA TiX US EPA & [A] U#F
2% % L I2 SF & 2.1X102  (mg/kg/day)'. UR
% 0.6X10° (ug/m’)!' & LT3 (URL-8),
FEFE D AT DUV TIX, OEHHA 23 Wilhelmsson
& Holmstrom (1992) O#f%t% HW T, & FdD
MRk g%, H ~O %8 %2 FH 12 (ZNOAEL % 0.09
mg/m’E L, UF 10 (FiNZ= 10) Tk L TREL
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Z9 ug/m’t L CW5% (Fah-URL-1) ,
<HROREE >

P AMEEE L. IARC TH ZEMNEE & L TF
WAME (I —71) ZHERMLTWDHR, SFXR
UR 72 EOEIFR STV 72y, (Fah-URL-3)

FEF M AFEMETIL, US EPA 23 Til & (1989)
D7y MERAWEMIEI S, NOAEL % 15
mg/kg/day & L, T % UF 100 (FEfEZE 10,
W7 10) \MF 1 TBER L T 0.2 mg/kg/day & LT\
% (Fah-URL-2), fiiZ}X, ATSDR ®H~D¥
A FRFE L L C MRL % 0.05 mg/kg/day & LT\
% (Fah-URL-4),
<HYEME - A KT A B>

HARTIEKEKEAE L LT 0.08 mg/L

(URL-4) ,\WHO TiZ#H A K7 A fEE L TO0.9
pug/L (URL-5) & LTW3%,

3.2.7. i&ie/KZ%H (HCI)
<FMEAe >

ALk F 1L IARC D30 AMEREM Tk 3
(URL-9) T, BRAMENRDH D 1TV 2720,
< W NI R >

W ANWEEE D IEFE S AU EMETIL. OEHHA 2%
Sellakumar » (1985) D Z » b D#FZEE S L1T,
U &~ D522 2 FERE & L T LOAEL % 10 ppm
E L, B NREERE (HEC) % 0.57ppm & LT
W5, ZOffiny s UF 100 (LOAEL 3, fE[# 7 3,
FENZE 10) THRL T REL % 9 pg/m’ L3 L
TW % (HCI-URL-1), US EPA X, Sellakumar ©
(1985) & Albert (1982) @7 > F ORI B
LOAEL # 10ppm & L., t NgEZEJEE (HEC)
% 6.1 mg/m’ & #5H L. UF 300 (LOAEL 10, Fif
Mz 3. fANZE 10) THRL T 2X102 mgm’ &
LTW5% (HCI-URL-2),

3.2.8. /KR (Hg)
<UL A\WEE >
FERND A IOV TIZ, OEHHAZ Fawer 5

(1983) . Piikivi (1989) . Piikivi & Hanninen
(1989) | Piikivi & Tolonen (1989) . Ngim & (1992)
Db MEEOWTRE VT, MRRA~DFEL
FEHE (2 LOAEL %25 pg/m’ & L. Time-adjusted
exposure T IE Z 1T 729 pg/m’, UF 300
(LOAEL 10, FE/N 7 (Toxicokinetic 10",
Toxicodynamic 10) ) Tk L CTREL%0.03 pg/m’ &

LTCT\w5 (Hg-URL-2) ,

3.2.9. =v I (Ni)
< W AN >

RN AN ONTIE, DRETIIREA
BHE L LT 25%X10° mgm® #RELTWVWD
(Ni-URL-3), 72¥. MOE ®#tH fifix OEHHA
DOEZ MW TW5  (Ni-URL-1),

3.2.10. #|gh (Zn)
< MM >

Hi 1% IARC D FE A AMEFITIIL 72 < . US EPA
ORI TIED TREBAMER D D &I 2720,
<& OMREE >

IEFEMN A MET, US EPA Tl Bai & (1980)
DT bEHWEME T, BifEE KEE LA
FEtE & L C LOAEL % 3.48 mg/kg/day & L. UF
10,000 (LOAEL 10, #if&M: 10, fE[ZE 10,
WNZE 10) TBRL T RfD % 3X10”° mg/kg/day &
L7- (Zn-URL-3), ATSDR [T I iZ 2% % f5
L LT MRL % 0.3 mg/kg/day (Zn-URL-5) .
RIVM Tix TDI % 500 pg/kg/day & LT\ %

(Zn-URL-7),
<HHEE - A KT A AE>

HADKEKEHEMIT 1.0 mg/L (URL-4) .
JECFA T3 Tolerable Intake & L T 0.3-1 mg/kg
Lo T (Zn-URL-8),
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3.3. FEMDAELBRE L L VENE
=DIEHE

RKINHR6 OPFERMPICHESE, kIJRE
FrOHEAK & HET A OELERE L L TH 8T
AREMEDN 7o\ & B 2 DL EREZ BRI L,
BRI R T HER ORI OF DI bR
MO ERIN LT, WEBICBATZZORSE
PEORRS L5 X2 SN DR OFE  (FE sk
ww) . REAMBERE A (H)
PEIZOWTIER 712, W ABREDOIEFED At
IZDWTIEE 81T, RAREE DI AN

TIEFR 9T, ROBEEDOIERDABFMHEIZDONT
TE10ICFE L DT,

T OFEFL W ANRTE CORNANEIL 22 WE
12 WE. IERNAEMEIT 1T WEIZRD L
7o TR REE TOFRMN AT 13 WE. IEFHN A

BIEIL 19 MEICRD bz, Flo, AFEROR
HETLI ORI E T R D0, BREERR I
(NS =3 O A AN/ A= g W e VL N |
FWE N — BARNIZEY A ENIITIRFERIKIC
KOETZEOMEEITIFR L THLZ L AR LTINS,

DU

3.4. BAEMDEE LEHREDLE
FREOPEMREZE LD, b MBI L2HE
wERD U ATEAICIT, RERK D LICHA
W O FEEDROIEIZIERE LS R 2 11
W LTe, £z U A7 3l O H 3 . & 72 5 POD,
T b bHIER N A ENE TOK EFEO AR
M2 A& Do mERE & FIRIC R L,
ZORER, HEHED S B URIZZ A, b
#F.LHFITLA RICIFZ oL, NY YDA
bR, AWRIVL =y T, KROIEIZHESE
PEA TR > 72, BPERIEIZ, REC DA EMEDR
S LIRIEFRBRDNEN. CTh o 7=, F7=, SF I~
Y[l Ly RY VT A =y B#E RD
IKER, B, Wiy, TUTFEL, ARITVL

% WNBRER DFED

DNEICH FEMER TR > T2,
RIS THLLTEY . BRAEIEY
[alEVy, Z7uh, RV DA =v/L b
FL A RI LR, FEFED AFEEITKEE,

A EMEO TR IF IR R

b#E, el ARIvLE RJUTA =v
FIVINERDN S T2,
NS OFRERNS GHA RS 22 WE T Ot

BN CHELET 2 L, WEOAFEMEOR S I1TBE
PRI K DD mEREEO/hS S 7
b EMETORMEOR S 2 LKL TV
Too ZHUIEL FERDABTEDEWTEDOK 2/3 8
EHT, 2IKE LT UF NhEholzZ bicit
WT2LB2HND,

—F., O OOWETHLZOFEREIC L -
TRNPAURBRLHEMEICKREREVRHD, 01k
FIETETOMEDOHAEEORS ZREFT &
MM BRn, EWOREL BT, HlxIXY
2L OWABREIZBIT DIERDAFEETIEZ, AN
flizmié Z@bs o A TIIAEEROBRSIT 2
HHE E#72 | FWUARMZ m ATH 7 12 AR
A N ERLAIR 7 v A TEIEREDS 2 H1E 5 #5R
Lo TS, Zhid, EFTIHBEIZLEDIL
FREOWENRED LS hBIEGTEHEENLR T

TR SN DN EREICIZDN B R, )
ARRIORELE . K EFTHEHYE D167
ROEENLT L HPIHE TR, & D RER
DS ODORENBER L TWD, 2 O pIEHTE
DPFETHIHEML TBY ., RIFED > TR
|

WFHIIIZ LTS, U A7 IFERITHRFEROE
FEIZLD D LT HOTIED D0 LY EfERERIC
BHESNTEY, UAZFMITRFTOY 271
W& AGEE D LR R BRI RS W THERT S
VERD D,
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®1. WELFEVEORABREICEITIENARLFEMES

RENZME = A=y YRS
(ZEED) skl (ug/m®)’ tha
FEEFLTER 2 2.7X10° OEHHA
E3 (As) i 4.3X103 IRIS
ro* (B) - - -
RyvJElELy U 1.1X10® OEHHA
Ru¥y =Jits 2.9X10° OEHHA
A1) 1yry L (Be) i 2.4X10% IRIS
H F= 5L (Cd) fifi 4.2X10% OEHHA
3/3)L +(Co) i - IARC
4~ 8L (Cr) fifi 1.5X10™ OEHHA
#R(Cu) - - -
9% (F) - - -
HRILLTILTE R RELEHRE 1.3X10° IRIS
JKER (Hg) - - .
1#E1LKZHR(HCI) - - -
<X H Y (Mn) - - -
£ ITF> (Mo) - - -
— w4 L (Ni) it 4.8X10* IRIS
R (Pb) (HELGHRLAEMEL) 8X10® OEHHA
FUFET (Sb) - - -
L (Se) - - -
INFTTHL (V) i - IARC
FER(Zn) - - -

IRIS : Integrated Risk Information System, OEHHA : Office of Environmental Health
Hazard Assessment, — : SFEfEZA L

x8 MWMELEVEOBRABRBICETIEEISASHDES LIZMEE

HENZME = fRiElE e m
(EEES) AR ma/m? ke Hi gt
FEEFILTEER El 9X10” RfC IRIS
E3R (As) HRER 1.5X10°° REL OEHHA
RO (B) - - - -
RyVEIELY - ) ] )
vty | I Bk 3X102 RfC IRIS
A1y 1)y L (Be) RS R, RER 7X10°® REL OEHHA
A KIHL (C) B, [FRER 2X107° REL OEHHA
3/%JL k(Co) MR 52 2 5X10™ TCA RIVM
2 8.4 (Cr) Rk R 2X10® REL OEHHA
#R(Cu) HIRBR, RER 1X10° TCA RIVM
IvEk (F) B, &, FIRER 1.3X1072 REL OEHHA
RILLFZILTE R k%R, B 9x1073 REL OEHHA
15 1eKE(HCI) IR 52 % 9Xx10° REL OEHHA
7k4R (Hg) hiEmER. BiE. RER 3X10°% REL OEHHA
T AT (Mn) FR IR R 5X10° RfC IRIS
EYTT> (Mo) - - - -
Z 7L (Ni) kiR, RER 2.5X10° {E&tE RiEH
8 (Pb) DMER. #ER 1.5X10° NAAQS CFR
T UFEY (Sb) ad S 2X10* RfC IRIS
L2 (Se) HIE®RR, DOER. BER 2X1072 REL OEHHA
NF DL (V) - - - -
N (Zn) - . - .

RfC : Reference Concentration.” £ 8iEE, REL : Reference exposure level /S HRIRE LU,
NOAEL : ==, NAAQS : National Ambient Air Quality Standards, US, IRIS : IRIS
Database for Risk Assessment, OEHHA : Office of Environmental Health Hazard Assessment,
CFR : Code of Federal Regulation, Title 40-part 50, Section 50.12., US, RIVM : National
Institute for Public health and Environment, TCA : Tolerable concentration in air.” [P HFBRE,
— FHlERL
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9 MWEELEVEOROBREIZEITIHEINARELEZNESS
YWaES (TRiLS) ZHEES AB-7" 7795 (mg/kg/day)’ Hi Bl
7t r7ZILTFEFR Ope, IREE, B8 - IARC
B3 (As) RE 1.5 IRIS
R"o% (B) - - -
RyVElEL Y = 12 OEHHA
Rty A I 0.1 OEHHA
K1) 1Yy L (Be) &, $EMmIRRE 4.3 RAIS
H K394 (Cd) EMR 0.38 OEHHA
2/3%)L ~(Co) AfE (&5 E46D) - IARC
VA=VNI(ol)) = 0.42 OEHHA
#R(Cu) - - -
9% (F) - - -
HRILLFTILTE R = - IARC
1B kKR (HCI) - - -
7K4R (Hg) FFig. BE - IARC
<A (Mn) - - -
EYITT> (Mo) - - -
— v 4L (Ni) (US EPA 1987) 1.7 OEHHA
R (Pb) (AELHEAAEMEL) 0.28 OEHHA
FUFEY (Sb) - - -
L2 (Se) FF. fhfE - SEX - IRIS
INF L (V) - - -
R (Zn) - - -

IRIS : Integrated Risk Information System, RAIS : The Risk Assessment Information System,
OEHHA : Office of Environmental Health Hazard Assessment,

— . FHEfE% L

x10. HELEYEOROABREBIZHSITIERNPASEDER S S 1ZMIESS
WEE (THILS) E RN S $51E(E mg/kg/day i H g
FELFILTER - - - -
E 3R (As) K& (BFE%XE) 3x10* RfD IRIS
=% (B) BRAE 2X10" RfD IRIS
AyYElEry - - - -
Rty B Mk 4X10% RfD IRIS
R1J1)y L (Be) ING 2X10° RfD IRIS
# =94 (Cd) B (EAR) 5X10™ (8R7K) RfD IRIS
=33/3JL (Co) By 1.4X10%° TDI RIVM
2 8.4 (Cr) (BEMHRELL) 3X10°3 RfD IRIS
g (Cu) hE 1.4X10™ TDI RIVM
9% (F) B 4X107? REL OEHHA
RILLFILTEFR RE., RE 2x10™" RfD IRIS
1E1kKFE(HCI) - . i i
/KR (Hg) FEMBOE 1X10™ RfD IRIS
T UHY (Mn) iR R R 1.4X10" RfD IRIS
£ I T2 (Mo) B (RE) 5X107° RfD IRIS
=47l (Ni) HELEBRES 2X102 RfD IRIS
2 (Pb) PR R 3.5X10° AN Y WHO
FUFEY (Sh) Fan. MmiEE 4X10™ RfD IRIS
L (Se) + L USE 5X1073 RfD IRIS
NFTIL (V) AREPIRFUE 9Xx10° RfD IRIS
HE R (Zn) Efis. ASE 3X10* RfD IRIS

RfD : Reference Dose.” S MBiEE, REL : Reference exposure level /S BIRE L N/,
NOAEL : ##=1t2, TDI : Tolerable daily intake.” B A {EHE, IRIS : IRIS Database for
Risk Assessment, OEHHA : Office of Environmental Health Hazard Assessment, RIVM:
National Institute for Public health and Environment, WHO : World Health Organization.” &5
{REEWEE
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URL-7
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Assessment Guidelines Part II Technical Support
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Aah-URL-2
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Carcinogenic Risks to Humans Supplements 7.

Aah-URL-5
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Appleman LM, Woutersen RA, Feron V]
Toxicology 23: 293-307 (1982)

Inhalation toxicity of acetaldehyde in rats. 1.
Acute and subacute studies.

Appleman LM, Woutersen RA, Feron V],

Hooftman RN, Notten WRF
J Appl Toxicol 6(5): 331-336 (1986)

Effect of variable versus fixed exposure levels on
the toxicity of acetaldehyde in rats.

Woutersen RA, Appleman LM, Van
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Toxicology 41:213-232 (1986)
Inhalation toxicity of acetaldehyde in rats. III.
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Appendix D. Individual Acute, 8-Hour, and
Chronic Reference Exposure Level Summaries.
Nagymajtenyi L, Selypes A, Berencsi G
J Appl Toxicol 5(2): 61-63 (1985)
Chromosomal aberrations and fetotoxic effects of
atmospheric arsenic exposure in mice.
Tsai SY, Chou HY, The HW, Chen CM, Chen CJ
Neurotoxicology 24(4-5): 747-53 (2003)
The effects of chronic arsenic exposure from
drinking water on the neurobehavioral
development in adolescence.
Wasserman GA, Liu X, Parvez F, Ahsan H,
Factor-Litvak P, van Geen A, Slavkovich V,
Lolacono NJ, Cheng Z, Hussain I, Momotaj H,
Graziano JH
Environ Health Perspect 112(13): 1329-33
(2004)
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Be-URL-1
http://www.oehha.ca.gov/air/hot_spots/2008/App
endixD3_final.pdf#page=35
OEHHA, Air Toxics Hot Spots Program
Technical Support Document for the Derivation
of Noncancer Reference Exposure Levels.
Appendix D.3 Chronic RELs and toxicity
summaries using the previous version of the Hot
Spots Risk Assessment guidelines (OEHHA
1999).
Kreiss K, Mroz MM, Newman LS, Martyny J, Zhen
B
Am J Ind Med 30: 16-25 (1996)

Machining risk of beryllium disease and
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50-32-8).
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http://rais.ornl.gov/tox/profiles/Benzoapyrene ra
gsa.shtml
RAIS, Toxicity Profiles RAGs A Format for

Benzo[a]pyrene - CAS Number 50328.

Neal J and Rigdon RH
Texas Reports Biol Med 25:553-557 (1967)
Gastric tumors in mice fed benzo[a]pyrene: a
quantitative study.
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Bnz-URL-1
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.pdf

US EPA, Toxicological Review of Benzene
(Noncancer effects) (CAS No. 71-43-2) In
Support of Summary Information on the
Integrated Risk Information System (IRIS).

Bnz-URL-2

http://www.oehha.ca.gov/air/hot_spots/2008/Ap
pendixD3_final.pdf#page=24
OEHHA, Air Toxics Hot Spots Program
Technical Support Document for the Derivation
of Noncancer Reference Exposure Levels.
Appendix D.3 Chronic RELs and toxicity
summaries using the previous version of the Hot
Spots Risk Assessment guidelines (OEHHA
1999).
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ATSDR, Toxicological Profile for Benzene.
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025.html
RIVM, Baars AJ, Theelen RMC, Janssen PJCM,
Hesse JM, Apeldoorn ME van, Meijerink MCM,
Verdam L, Zeilmaker MJ (2001), Re-evaluation
of human-toxicological maximum permissible
risk levels.

Bnz-URL-6
http://rais.ornl.gov/tox/profiles/Benzene ragsa.s
html
RAIS, Toxicity Profiles RAGs A Format for
Benzene - CAS Number 71432.

Bnz-URL-7
http://www.oehha.ca.gov/water/phg/pdf/Benzene
FinPHG.pdf
OEHHA, Public Health Goal for BENZENE In
Drinking Water.

Bnz-URL-8
http://ec.europa.eu/environment/air/quality/stand
ards.htm
KRN ZE B 2>, Air Quality Standards

Rinsky RA, Young RJ, Smith AB
Am J Ind Med 2: 217-245 (1981)

Leukemia in benzene workers
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KEBRBEFEGE 32(4-2): 17-33 (1997)
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Hayes RB, Yin SN, Dosemeci M, Li GL, Wacholder
S, Travis LB, Li C-Y, Rothman N, Hover RN, Linet
MS, for the Chinese Academy of Preventive
Medicine--National Cancer Institute Benzene Study
Group
J Natl Cancer Inst 89(14):1065-1071 (1997)
Benzene and the dose-related incidence of
hematologic neoplasms in China.
Rothman N, Li GL, Dosemeci M, Bechtold WE,
Marti GE, Wang YZ, Linet M, Xi LQ, Lu W, Smith
MT, Titenko-Holland N, Zhang LP, Blot W, Yin SN,
Hayes RB
Am J Ind Med 29: 236-246 (1996)
Hematotoxicity among Chinese workers heavily
exposed to benzene.
Tsai SP, Wen CP, Weiss NS, Wong O, McClellan
WA, and Gibson RL
J Occup Med 25(9):685-692 (1983)
Retrospective mortality and medical surveillance
studies of workers in benzene areas of refineries.
Paxton MB, Chinchilli VM, Brett SM, Rodricks JV
Risk Anal 14(2):147-154 (1994)
Leukemia risk associated with benzene exposure
in the pliofilm cohort: I. Mortality update and
exposure distribution.
Paxton MB, Chinchilli VM, Brett SM, Rodricks JV
Risk Anal 14(2):155-161 (1994)
Leukemia risk associated with benzene exposure
in the pliofilm cohort. II. Risk estimates.
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Cd-URL-1
http://www.oehha.ca.gov/air/hot_spots/2008/Ap
pendixD3_final.pdf#page=>59
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Technical Support Document for the Derivation
of Noncancer Reference Exposure Levels.
Appendix D.3 Chronic RELs and toxicity

summaries using the previous version of the Hot
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Spots Risk Assessment guidelines (OEHHA
1999).

Lauwerys RR, Buchet JP, Roels HA, Brouwers J,

Stanescu D
Arch Environ Health 28: 145-148 (1974)
Epidemiological survey of workers exposed to
cadmium.
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Cr-URL-1
http://www.oehha.ca.gov/air/hot_spots/2008/App
endixD3_final.pdf#page=138
OEHHA, Air Toxics Hot Spots Program
Technical Support Document for the Derivation
of Noncancer Reference Exposure Levels.
Appendix D.3 Chronic RELs and toxicity
summaries using the previous version of the Hot
Spots Risk Assessment guidelines (OEHHA
1999).

Lindberg E, Hedenstierna G
Arch Environ Health 38: 367-374 (1983)
Chrome plating: symptoms, findings in the upper
airways, and effects on lung function.
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Co-URL-1
http://www.rivm.nl/bibliotheek/rapporten/71170
1025.html
RIVM , Baars AJ, Theelen RMC, Janssen PJCM,
Hesse JM, Apeldoorn ME van, Meijerink MCM,
Verdam L, Zeilmaker MJ (2001),

Re-evaluation of human-toxicological maximum
permissible risk levels.

Co-URL-2
http://www.atsdr.cdc.gov/toxprofiles/tp33.html
ATSDR, Toxicological Profile for Cobalt.

Sprince NL, Oliver LC, Eisen EA, Greene RE,

Chamberlin RI
Am Rev Respir Dis 38(5): 1220-1226 (1988)

Cobalt exposure and lung disease in tungsten

carbide production. A cross-sectional study of

current workers.
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Cu-URL-1

http://www.atsdr.cdc.gov/toxprofiles/tp132.html
ATSDR, Toxicological Profile for Copper.

Cu-URL-2

http://www.rivm.nl/bibliotheek/rapporten/711701
025.html

RIVM, Baars AJ, Theelen RMC, Janssen PJCM,
Hesse JM, Apeldoorn ME van, Meijerink MCM,
Verdam L, Zeilmaker MJ (2001), Re-evaluation
of human-toxicological maximum permissible

risk levels

Cu-URL-3

http://www.epa.gov/ncea/iris/subst/0368.htm
US EPA, IRIS, Copper (CASRN 7440-50-8).

Johansson A, Curstedt T, Robertson B, Camner P

Environ Res 34: 295-309 (1984)
Lung morphology and phospholipids after
experimental inhalation of soluble cadmium,

copper, and cobalt.

Massie HR, Aiello VR

Mech Ageing Dev 26: 195-203 (1984)
Excessive intake of copper: Influence on

longevity and cadmium accumulation in mice.
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F-URL-1

http://www.oehha.ca.gov/air/hot_spots/2008/App
endixD3 _final.pdf#page=270

OEHHA, Air Toxics Hot Spots Program
Technical Support Document for the Derivation
of Noncancer Reference Exposure Levels.
Appendix D.3 Chronic RELs and toxicity
summaries using the previous version of the Hot
Spots Risk Assessment guidelines (OEHHA
1999).
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Fluoride exposure and worker health - The health
status of workers in a fertilizer manufacturing
plant in relation to fluoride exposure.
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Fah-URL-1
http://www.oehha.ca.gov/air/hot_spots/2008/App
endixD1_final.pdf#page=128
OEHHA, Air Toxics Hot Spots Program
Technical Support Document for the Derivation
of Noncancer Reference Exposure Levels.
Appendix D. Individual Acute, 8-Hour, and
Chronic Reference Exposure Level Summaries.
Fah-URL-2
http://www.epa.gov/ncea/iris/subst/0419.htm
US EPA, IRIS, Formaldehyde (CASRN 50-00-0).
Fah-URL-3
http://monographs.iarc.fr/ENG/Monographs/vol8
8/mono88-6.pdf
IARC, TARC Monographs on the Evaluation of
Carcinogenic Risks to Humans Volume 88.
Fah-URL-4
http://www.atsdr.cdc.gov/toxprofiles/tp111.html
ATSDR, Toxicological Profile for Formaldehyde.
Edling C, Hellquist H, Odkvist L
Br J Ind Med 45(11): 761-765 (1988)
Occupational exposure to formaldehyde and
histopathological changes in the nasal mucosa.
Kerns WD, Pavkov KL, Donofrio DJ, Gralla EJ,
Swenberg JA
Cancer Res 43: 4382-4392 (1983)
Carcinogenicity of formaldehyde in rats and
mice after long-term inhalation exposure.
Til HP, Woutersen RA, Feron VJ, Hollanders VHM,
Falke HE Clary JJ
Food Chem Toxicol 27: 77-87 (1989)

Two-year drinking water study of formaldehyde

in rats.

Wilhelmsson B, Holmstrom M
Scand J Work Environ Health 18(6): 403-407
(1992)

Possible mechanisms of formaldehyde-induced
discomfort in the upper airway.
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HCI-URL-1
http://www.oehha.ca.gov/air/hot_spots/2008/App
endixD3_final.pdf#page=309
OEHHA, Air Toxics Hot Spots Program
Technical Support Document for the Derivation
of Noncancer Reference Exposure Levels.
Appendix D.3 Chronic RELs and toxicity
summaries using the previous version of the Hot
Spots Risk Assessment guidelines (OEHHA
1999).

HCI-URL-2
http://www.epa.gov/ncea/iris/subst/0396.htm
US EPA, IRIS, Hydrogen chloride (CASRN
7647-01-0).

Albert RE, Sellakumar AR, Laskin S, Kuschner M,

NelsonN, Snyder CA
J Natl Cancer Inst 68(4): 597-603 (1982)
Gaseous formaldehyde and hydrogen chloride
induction of nasal cancer in rats.

Sellakumar AR, Snyder CA, Solomon JJ, and

Albert RE
Toxicol Appl Pharmacol 81: 401-406 (1985)
Carcinogenicity of formaldehyde and hydrogen
chloride in rat.

<IKER>

Hg-URL-1
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http://www.oehha.ca.gov/air/hot_spots/2008/App
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OEHHA, Air Toxics Hot Spots Program
Technical Support Document for the Derivation
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Appendix D. Individual Acute, 8-Hour, and
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Measurement of hand tremor induced by
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Ngim CH, Foo SC, Boey KW, Jeyaratnam J
Br J Ind Med 49: 782-790 (1992)
Chronic neurobehavioural effects of elemental
mercury in dentists.
Piikivi L
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(1989)
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exposure to mercury vapour.
Piikivi L, Hanninen H
Scand J Work Environ Health 15: 69-74 (1989)
Subjective symptoms and psychological
performance of chlorine-alkali workers.
Piikivi L, Tolonen U
BrJ Ind Med 46: 370-375 (1989)
EEG findings in chlor-alkali workers subjected
to low long term exposure to mercury vapour.
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US EPA, IRIS, Manganese (CASRN 7439-96-5).
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Technical Support Document for the Derivation

of Noncancer Reference Exposure Levels.
Appendix D. Individual Acute, 8-Hour, and
Chronic Reference Exposure Level Summaries.

Roels HA, Ghyselen P, Buchet JP,Ceulemans E,

Lauwerys RR
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