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NXian

T'ANN NANXK NN NTIAY NINEN2 MIRNA (12'0 'NIA7 (Exposure Assessment) N9'wN NDIVN
NTY' DY ,NRNNXD DYWL L,RYID N2 NND0 NN .NMMPIoYNN NIKNAN DINNA VIXZAN '"WIRY
2j'V1) NIdINI NINNA 12D NID'WAN 237 112NN NI NY7W1 Thn DD DNNING N9'WNn NiNNA
D212'0 NDWN7 NIYTN NIV'Y 2'NINY7I1 PTYY? ,NNY? wAT ) T'RN (D010N DR 1Y

DIXNAXI IN'T 7710 Tay 7w 11019 N9'WN Nd>WNA DYV TNX .(Ramachandran, 2008) n*'nixM2
NI717Y N7X NIMvo .(Seixas & Checkoway, 1995) 07 yT™ N0 72V NN IX NIFNdWWNA NIYOY
nN'YN ,NnTIAYN 170N ,NTIAYN 'KINL|I2'0N DA 7Y 21T DT 'R 12D DRIY D'NNIAN V1117
(M1 ,MaIT?) TaIn 7w DMVNIDNVIR DFTAN ORI DVY'N 1A' 'YK WIN'Y ,U¥IN TAIYnY
N9'wN 117 07w YT 10IN 7¢ DN .0MNTAY TaIvn 7¢ IM9'WN NANT 72V nyoOwn n7x 'Y
DN N0 7y TaIN 7Y IN9'WN NANT DX JWN7 ') D'00'VLO D'701 YNNWN? N ,TaIvn
.DNX D'TAY 7¥ NIMIT NI9'YNN

YN ,NdIYNN N1LNA 121D ,0'NNI2 190N NIFITN TWK ,ND'WNN NDIYN7 NIY'A 190N NIn''y?

LTIVE NITO0D NI'NWOK ,O'DMYNnN NIYY 0
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-'¥n" IN NINID'R NDWN NIXIAR 'MY? DMNTAY N9'WN NDIYN7 NIM'En NIV'WN DX A1107 N1
NNMNoNI NRNN' N7R NIV'WY? .NMIMd NN (Semi-quantitative risk assessment) "N'nind
.D'TAIY NO'YN 7¥ N1'NKX NIINN NaxNa

YN ,aninn 7w NI7'Wan NNXY $d ,0MIRM DN L,011Y DN0NIS 7Y N00IAN NYNIDR NdYN
[123 D"NIND DN O'NY7 07713 DMIRNN DINYAN LTI N9'WNN 91X ,)'70NN 210 ,N9'WNin
7y 3"T2 NRVIAN NO'WNN NAT NDWN 72X ,NTN NIT'N [12'0 DA NIND IXK NIYYWA N9'WN |wn
NIV'YA 72pNnY 'MInd Tam X77 ,("nnal N1 ,nd2mi n9'wn) N9'wn Nind 7w N7 MIK n7j70
DTV TN

NL'YA NTIAY NINIPZAL )IYIY D1ID'0 170 NITYA D" T2 NY¥ANN N'MINd-'¥N IX N'INID'R NDWN
N9'YNN NN NX )"Yn7 T2 D'NIND DNUNID] NINAN YNNWN N0 12 In .Walkthrough -n
.0M{7010 NINIPNA DNTIAY 170N2 D'TAIYN 7¢ NYRI¥I01I9N

2V nooiani Interview-based evaluation NX11 N'NIND '*¥NN N9'WNN NDIYN7 190N NU'Y
DINNQ VIXPNA '"WIR IN DPZINND 7Y 'YK NDIYN 7V IR (self-assessment) D'TaIVN DY NRIFKY
.(Hawkins & Evans, 1989) n'npioynn NIXM2AN

NN"R X ,N9'WNI NTIAY 'KIN 2107 DINX [N NNITYAY 71y nu'win (validity) niopn Jpenn
.(Teschke et al, 2002) n'>"ynn |2 N2WNN NIRXIN ¥ 27T NDIY

nunnwnn (Interpolation and Extrapolation) Nn27wnin NU'W N1'N N9'WN Nd>WN'7 NS0 NL'Y
NITIR YT'A 'K N7 n"0I7IXR 7y DWIMI 7w D70 YyT'N NIRT N0'WA .0IWS DNMIA7XA
.N9'wNN

D'0IN DZINN LIT NV'WA .(Exposure Modeling) 077N N NIY¥NXA N9'WN NDWN Y¥a7 [N
7¢ DNNNNIDA'T'RPON DK 1YN7 T IMMMK N9'YN 7 NIMTN IR D'YNINI 077N N7
.(Wadden et al, 1991., De Cock et al 1998)n9'wnin NN 7V ¥'9wn? 0'710'y DRIYN DVNION
1IN Y212 NTIAYD DIPNR 7w 2¥N2 AY17N N1REL D7D K "Nrnimd vnt no'wa nown
NONNON X'AY NIFALPIMTENI'D'YO0 INI' NN'UAN NFNINON NO'WN ,N'MINd-'¥NN NV'YW7 NRIIYN2
nN"on N9IPNY NNX YX¥ANN MPIOYNN 110N D7IX ,NTIAYN NN NDWIY AT 7y

0'01 7V INNONVY 7NN .NINAT NN'R7 NY2 NTIAYN DIZNA NXNY 0'RINA D'17N ARXINNI

19 |2 Y17 710" 110N NIRYINA 'N'WNY XXM (D' DN n9'wn 11ma 20,000 -3) 21T 0Ima
V1T D' DN a7 ((Kromhout et al, 1993) DTz 1101 NIXKXING onxa 0Myd 4,000 -'9 Ty 3 -
D'AYNN IWRD INI* N0 NTIAY NMIZNAY IR DNTIDN 7w (variability) nnnwnn nTnw

0'01 7V D'AVINN D'YXINN TWUNA (D"NIY D'YXINN ,NNAIT?) AT NIR? NITTN 0'02 7y D'yXInn
.(Miyw 8 7w nnwn ,|12d) ¥ AT 19 2V NN

NIP'TA YIX NI TAN 1901 N7TAN KN NIRTAN NIRYIN 7¢ NRIYD N10RNT7 yXInn [NNon

NNTPNN N2IN7 nNalT .(Kromhout, 2002) nin'aTn (randomization) NIFKAPKX 7V NmMwi NNTIN
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NIP'TAN DX NNP'N n78 NI'Y .(Lazovich et al,2002) naNX NTIAY2 NaxiN N9'wN Ndwn?
YIXT7 NN TN X71MIvRwn 91K

1901 071X .91AN 71N N9'WN 110D D'YNYNN DXNIN 7W 7V 02 002NN7 N710' N'MINd Ndwn
NIV'YA NO'YNN NDIWNI TIKA 722mM "A1712 11017 NIV'YI D' TTA DA DNPAY (10N 'MIIA
JVIXT7 NINI TN X7 IR

N2IYN7 '1D'0N X ,'M20 1101 7Y NIRXIN |27 NIMIMD-'¥N NIV'YA DDV |2 NARNN NNy
.(Kromhout et al, 1987) 711 1n'X n'7X N1V'wA (misclassification) N'1aw

D'7TIN NNTYA N9'WN NDWN7 NU'W NI'N NINNKT? NNNONNI NINNRNA NP N72NN 'Y
(Exposure Data Matrix - n9'wn Ni"1an 7y n'oolann (Statistical Exposure Modeling) D'"00'0v0o
Exposure 7w n0'SNN .N9'WN 'MIIAI 1''OXN NDINA NTARAN NX¥NUN XN N9'WN NN .EDM))
7y nooanni Shelia Hoar N'Rj X NI *T* 7y nnTizn NN 7w 80 -n MW nNNIS Matrix
N"OI72IN 7W QnIYNN N1dNNI NNTANN DA .(Hoar, 1983 — 1984) Niiv NIV'WA I90XIYW 011N
Job Exposure Matrix Dw2 N1 NO'WN .TAIVN 7 ZI0'WN IR VIXPAN NN NniT N9'wn N7y
D1I2'0 1197 MIX? VPN 7¥ DININ 0'02 7V N2IW NIIANN DA NN'™MA7 NINann Al (JEM)
.(Sieber et al, 1991) NIOSH 1 7y yxiaw

710'VN N2 NI70N IR NTIAY 57NN 1901 Y¥an T WK nw7ina npl? JEM -n nwna

NNIY NI70N 19011 201N Z10'YN TWRD NNIT 210'Y NXIAPA D'TAIY YIA'Y .NIY DN N9'WNNI
Benke et al, ) D*TaIvNN 770 0'R¥NI 12 [12'0N1 NNAVXAN NO'WNN NANT A1I'02 NIYV7 DNA7 717y
.(2000

NINIT NI9'WNY7 DININ D' TAY NIXIAP 7¢ DTN NAYNN 0Ty 7¢ N9'WN NdIYNT7 NN nwia
2V NIX97 "> .AXIAN 7w NID'WN NAax' NN >N VIxAl (Similar Exposure Group - SEG))
121712500 Y'7NNN DR N9'WN NDIYNYT7 NIFAVIVON "axyN IWATN JEM -0 nwa 7w nw7inn

.NNIT N9'WN N7y NxIap (17 N'o'oa nT'n'd (process)

270 VI X7 .QTWYNI 0Y7R'¥I0ID 0P NIN' 0120 19 VRP'ND YIXA 1Yl 1994-2000 nawa
DNY "A171100 7'7nN 0'02 7V D'TAIY 7W N9'WN NITAN 7W NAI7ITINNA NNNIS VR'ND] .0"I1D'0
NNONISY ,DN'NINTANI 070N 400 — > N7 >NY D*A171100 DD'Y70N NN'WAY ANNID .D'YXAN
QI0'X7 MNI"A NA'RNND NRXNY NNNIBY NAIZITNNAN (1993 ,Immyi 1T19) 1993 Nn1wa No 19T
JI'¥IX NNNQ DRIND 1ARA N X7 NTIAY Dimipn 7Y 01IY 012102 0 TAY NI9'YN 7y 01Im)
NIPN NN'YID N'NNN TwN 7W 2TIAYN 7Y NIR'on 9ax "y n7apnn NoTOTA 0D'Y7NNN Nn'w
7¥ NIRXIN 7V DIFTAL,NTIAY NINEZNA NIFMPZIOYN NI'MAMA0 NIR'TA7 NIdNoInN NiTaynn 724
DIIY YT MANA 190X YINAY D7 X'AN NAI7ITINAL 2NN WIN'YN .09 7V Yy¥ann n7x NI

171000 '7NNN KINY — YT' 2N INIR 7V D'oolIann
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N9'WN |"ON7 'WI 1X¥N ,NIR'¥IVI9 NO'WN NDIYNYT N'IANA '0'01 DNIAD )'7NN] WIN'Wn QR 7V
NIYIXPA NIXMNY R'2N DT 'WIR .0'710'V1 D700 '97 NTIayn N | "y 71 N¥nn 91K

N7Y2 NXIZ NTANI NTNINDINRININ'R N9'WN NdYN Nya (tasks) Ni7un [I'oxa 0a TpnnnY

7V NIooIaNnn NIYA 1Y'¥N 1NN Hawkins .NI0'W 1900 1YXIN 1T NXIAZ NNTAN? .oniT nd'wn
Job-) Ta1y 7w o0'w/vixpn NI 7y ,(Task-Based Approach) n'Taiy n'yx¥anw ni7on IX Nin'wn
7w nwni (Chemical-Based Approach) min no'wnin D11a 7y ,(Description-Based Approach
(Hawkins et al, (Process/Job/Agent/Task-Based Approach) n7uni paia ,pio'y ,)'70n 217'w
NNIT N9'WN NXIAPZ NNTANT NNAITR N9'WN NNTAN 7V NO0IANN NU'Y NAXIN |27 0TI Ty .1995)
.(Corn & Esmen, 1979) (Zone Exposure Method)

PTITA NO'WN [I'9'K7 NNWOK X' [NV VTN qI0'KI NI70N 7 N0 N'DIRTNYT 1'70Nn 7'
370N NRI7N .ANIT N9'WN NI7YA NIXIAPY? DTAY |11 N9'WNN NDWNA NIFYV DIXNX71 N
2NK 7NN 19 7Y NXINN N9'WN NDIYN NYA N9'WN 'R'Y 10N7 NNWOXRN NX NN¥NX Ni70nY?
WA DIP'YA NPOYY NTIAYA 0'7'On DNY NI70NN 127 070N 2 ON'7 NnAITN DX NIXT7 N1
.(Goldberg et al, 1997)

NNYNn qwNna N7700 N9'wNN 7y ,u¥an TayY NNl NiZon 7w nyswn 1yn'? niro 1wyl
.(Hansen & Whitehead, 1998) nx'm

NIN7'Wo1 NTPANN IT N0'Y QNI NP ITAN NLV'YWD DN '1'YA NAWN) Ni7un '©% SEG n1Tan
NZIOYN Q1Y IX 7V91 7¥ N2 NTIAY NIMIENT n9'wn N>IYN N2 WNNWN? [N1I NI'D'Y90
,NNAIT? ,0112'0N NdWNA (generalization) N775N D'WAITN DN NN'RNN NI'R NO'WN .'D9'¥O90
.DIY DRPIOYN 'O1Y NXIAPZ7 DD"YY NTIAY NINENA IX NTMIK7N 1NN N9'WN Nd>IYN

N7W ININY 0Mp7an DA IT N7 IXYND ,NI70N0Y7 2101 1'70N Npi7na NN 2y na'wnin x 7y
YIN'Y M 720 |9I82 NNDWN 27 1'70N 'D 7V N9'WN NDWN ' OXRN' KIXAT7 N1 TN
AWO'R K7W NO'WNN 7W NDIYNN 191N Y |2 YNA DXN'A KXN1 WYI7 N9'wN 7 77nna .ni7ona
(Seixas et al, nIT I'n NTIAYN NNWN 17002 N170NN 75 AWKRD DA V9N N9'WN NXK NITNY
NT'N NX TINK? DMPIN 101 1Y T7Y 'PTENTIAYA YRT ,NMIINIRARND DINNA 0Mpznna .2003)
72100 W N7 Ni7on Qoixa NITTN 7w 79p1wn yximn ' 2u n9'wn ndwn Y pirTn
NXIYNA NI70N1 'S 7V AN NDYN DNPnnn 2Ima 7702 1727 Dpinn .'70n 19 2y NN T TAn
.((Svendsen et al, 2005; Mathiassen et al, 2005; Marissa et al, 2003 *7nn '@ 7y nd>wnY
370N '© 7Y N9'WN NDYN 7V NINN' NRTITA N1'R NI70N 'S 7Y N9'WN NDIWNY 17'0N DNZINN
SV NN

NIXIAPD NI'RYN AN 7Y NIXIAR MY 1 Tan7 NNWOKRN DX 712 (Verma et al, 2004) W1nX 1j7nn
['2 NAXRNNN DX DA 772 7NN .NIXAPD 2 NI70n1 097002 [1I'T N0 72y NnIT N9'wn NIyl

N7'2In NNX DM nxiay 1700 NNt 9 %y [NoVn nniyY ']"7nn NN 'S N5'Ynn Ninh N>yvn
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NN'N NI70N21 1'70N2 [T QX 7Y TV DIrMN 70N DX NNT'S NN DYIon TYY7 Nirom
770NN 1IN NI70N 7w 120¥NN JWUNN .NNYY ARIYND DNKR DXIAPA N N0R 127 n9'wnin
Y |2 NIY NN T1912 0701 7D qwn 071X ,36% -7 n"wn nxiapal 37% -7 nNx nxnpa van
DIV AT YN .N9'WN O"TA 'K 1AW NI'RYNI NY'0IN [AT DI NNnwnin qJwnn 63% -3 .nixngn
MNTAIN NIXIAZN MYY X 7V 1700 DNIKA NIXIAPD 2 DRIY 19'WN NINNY? IXAN Ni7on v

772 70NN (YN NN Yan N K7 12W RN ATH (YN ,9002 .0NIT A9'WN NIy NIXIAPD
NNXIN D701 19 7Y 77 N9'WNN NN DTV TV 1*70N0N 19 7V 1M N9'wN yxinn n7ap
X NT? NTMIYNYN N9'WN NN 7Y NXNNN N1D0 7V Y'axn N1 7720 .|12% T8N Nnina no'wn
'7NN 9 7Y 1 N9'WN MDY NYXANN OX K AT 19 7V N7771wni nyxXinn nn1? ARivna
7217Y N2aw NIrmtya 7y1 N9'wN NDIYNYT NI7AINN NIV'YN 7Y NINoNAI NINNRA T 0NN
NYan IT NI'N*Yaw 1210 Ramachandran .nniT N9'wn N7p2 NXIARY DTAIY A1IF0 77NnY
,NO'WN NXIAP NNIXY D'D"YN D'TAY 2 NNIT 210V 7W NNTANA 77 AWNNAN Al'0N NIVYON
V'OUNT DUIYYN L710'VN IN2A DINAL AT *12'Y DN W'Y INIF DD DX [IAWN] XN NI
TIV2 D*'N2'20 DNV 7Y [V DATA NTTIVA A'ON NNVWYWD .(Ramachandran, 2008) n9'wNin 7y
7 WIXPN 0I9'Y AN 07172 NPT 'NATNA IX W' IOYWN 1IN DYAXN NIRIY DY TTINNNY 'Oy
D"NON 1N7 ,75N NXRXIND .N9'YNN INYN 7¥ NIIYA AWNNA 12'K1'MNAY N7 N0 NN

27 YI'0 7D NN DY7TIN 'S 7Y N9'WN NIV RN INIK YT .N9'wNN 7¢ NdIYN-NNA 0I9'WN
TIXI NTIAYN DIZN 'SIX IR ,N9'WNN INYN DX ['AN7 DININAN WIT IR ,'WVIXPZN 0I9'W7 nnxly
101N YIXD NINKND TRV 780N

NI9'YW DYIL,N9'WN 'Y'NINA MIXMA [12'0 NDIYNA NNIY NIFIANIN DY TTIMNNY NIX7nnn NNX
NN YWIN'Y X' NNIND NdIYN 27 N9'WN 27U NfNimd YN NANID'R NN 2 NARNNN
N'YPXIVI'RN DAL NN [YOXN 7D 7Y N'oN'N NNNNN NRXIN .NIMINAN0oN N9'wN (NI¥Mon)
DDA [TV 0N [I2'0N DYIALLRIO'WA .ND'WN NANTI NTAINN 7771w XM N790n DMONNN A
,N70NN IX 170NN DYIAN DA IT N¥M0N N2 9o X ,JEM -0 n'1ana ind n1ann 7w paiwn
NL'Y 770N |13'0N DA NIND ,)'7NNN NNFTNL,N9'WN (YN (120 DIYN D'NYIANT,0NIY IR
[ N12N ATN 2N NI'YWAN 2V .0'9011 D'MIIAL NY'INAE NP 'R L,NAN0 'RIN ,NTIAYN
2IUN 07002 [ATN DA 217PW1 ATIAY DNNWNA NI70n 190N X7 710 Tavw nTawnn Ting?
IYNni N9'WNN NN 7Y 07901 Nyam nN9'WNN NN LIT 07002 TN 7 nd'wnn Nin 717p7wY
Nicas & ) N9'wn qwni N9'wN NN 7w DIWI 020 D'9N'¥NA NINANYT NIWY IT 279011 N9'WwNN
.(Spear, 1993

D212'0N NDIWNA D7D NNYY ANDINENT WIN'WA NIXYN1 N9'WN NINAN 7w ni72mnnn
,[12'0N "M 7W 'MINDd 110" NIRXIN 12D ,0M0VNT9 NIANN N2 A7W7 0'0IN DZINN .NTIAY]

(Mekel et al, 2004) [321N2 0'7721W DVNIO 12N 7Y 17 NINNSNIA NIANNI
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'00'VVO 7TIN 1IN 'MIND VIV 7Y NIRXINI D"NIND '¥N 0MVNIY 217'Y .(multidimensionality)
110" VI NNIYY? (Long term exposure) NIV NIDINXK NID'WNYT NR'ITN INIF NDYN 7277 TWORN
D1I3'0 NJIWYN7 D"NINANON DN WYNNWAT7 DIIDNN ,NNAIT? ,NDIN'RN D17IN .TA71 'N20

Van Hemmen, ) N12TNN "nin? n91wnn n"oI7DIX 7w (regulatory risk assessment) na'pn "oy
.(2001

N'MPIOYN NI DIIY D'AINNA VTN 7101 NWO'R YT NIMITI0V1 AIWNMN NINNSNN

0'01 D'YNYNN D1INI NNAXK 7V DA NOD X7 YT 71N .NTIAY 'KINI D'TAIY NIS'WN DM
DAYNINN D722 WNNWN? 1700 nnTizn nxnn 7w 80 -n ninwn 7nn .n9'wn ninan nMaL
N'"27% nu'w naxin 1993 miwa .NI9'wn 7w 0'7TIN NN YTN AR 7Y WAT Oy YT 71017
Tait a'¥n NoIpn nNIXA .( Holzner et al, 1993) (Job Exposure Profile) 710'v '9%7 no'wn 7'91no
V'OUN7 0'712'Y 0"M0UNI9 7W 11 1901 N771DN NN 210 7Y NI00ANN 1IN N9'WN NdIWN7 nL'Y
UNNYUNY7 N1DIND NAWNINN NIIXA DA NY'9IN IT V'Y . (Tait 1992, Tait 1993) no'wnn NN 7v
Steward et al, 1995) D'Taly N9'WN 7w NAWNINN N2IYN7 NIDIN N7 DNINK NIIFCY DA 1WY)
[12'0 NNT7 NO'WNN NN NIX DANYT N0 NIRTTZ [N NINNKD DAY 1IWYIY NITAwA L (

YN W 0UNIRG 0RaRWN NRI7NT Nr9TTY MTO NYRARA 'WIN'Y TIKA NIFMY 710'y 1'70N ,'MIKN2
NI'NA [77NY NINAN Nim*'p NRIY N2 .Donaghue,) (2001 N'MpIoyn NIXNAI NIN'LY

Job Exposure Matrix for exposures associated with 7un'? ,n'awnimn n'7> niv¥nxa

LMD DX, NTIAYN 72V Nip'on 9ax ,n"mnn Twna .(Kennedy, 2006) occupational asthma

X77 , 7272 n'7RYI019 NO'WN NY7I01 N'WYNA DUNIN'A DRID'O 119 VPN 1IN 7Y NIooIANY
2101 NPT 7Y NIRXING NIoN NN

719'01 DOIMN Y N1 NI'FNNANON N9'WN NIFAN 7Y NdIYN N'RTD DNA7Y ,0'91YN |2
—D'"9IXI D'WNDIX ,201 7D XN NP'VO'VLVOYT N'TIINN NDWYTN A0 'S 7Y IYN NITAN 10N
.50 NID A1'02 NDOoNI L[N NPTAR ,NN'DON

D'7¥91 7¥ 110702 VD] ,NMYYNN '91Y |'2N NI NIZITANN X'N 001N D' TAIYN NMOITIX

Y DI — WK 33,000 — > 0Ty 0nal 4,700 — 7 2N 91y2 NTIAY NiNipn 150n >"No .01up
JIIMA0N NN D'TAIY 190N

'WIN T¥N DT Y2 NIMYNNN NTY,0'01N] NTIAYA WIN'yn VOLOKN NXXIN OY ,|INNKN N1
7Y D'YRxXN NINNKY DWIY 0NN ,NRT OV TN' .NMPZIOYN NIKMAI NIN'AD DINNA VIXZN
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X
2 Xorocess = (X1/X1max) + {(X2/Xomax) * (1/480)} + {(Xa/Xamax)* (Aggressive factor)}
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Y
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Zzprocess 3= Zzprocess 1/ Zzprocess 2
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> XYZprocess = [(xy/2)*+(x2/2)*+(yz/2)?]*°

2 Y -1 X XX 2I'Y IR 7701 0T 0N .NNj72 'WXNN

(Z ,Y X 1'¥ nip'o) n1ann w7ivn nuy

N'IN'YIVIO N9'YN 'MINN '97 0'NVY NNSN

No'wN NN | TAN
nn17 on) NN
(Pnm n1an

no'Ynn NN 1IXKN

viun 7w oin' '‘nuw
NnanNNn

<50%

NDINY TV N7

3.5-0 :jup wun

100% - 50

n1inna

— 3.5 M1 vivn nam
7.0

> 100%

NNida TV Nniaa
TIXN

> 7.0 7maviun nama

78

_— |
A"‘?” )

nin‘ayr nmin'nad Yoion




4 'on nv0)

DTIAY NINIPNA N9'WN NDIYA? NI'NINANOoN NINANY? Nawninn NdyN I'9'N

o7y .1

("j7'v wnnwn) niv* annim/niph 1.1
,NIN'VAN 7V DN — N'MPIOYN NINAI NIN'VA DINNA VIXPN 'WIX DN DP'VN D'YANYNN
.D"NRIOYN O'XONI DININA ,NTIAY 'NPON
ninoni oY 1.2
N1'N2N NTIAYA Y7XRYI0ION [12'0N NN A7 V'R D'UNNWNAYT A'¥n? XIN DN Ty
.0 0"NninY no'wn
nnNnounn .1.2.1

;NMYYN *7y9na Dm"pn 0NN D1IDoN N7 VT ' wnwn nowwnn X

ININ7 DXNN2 D'M'D DNNAIN DY ATV 'IRYI0IN [1I2'ON NNY NX Vapgn moaynn A

;DI'D'NI NTIAY 'Y70N - NTIAYN

I90X1 DN DIV D'UR'NS 17NN NANIN YTNN DX N'VO'VVO NIIXA A'YN NDWNN .2
NIM's" VP'INSI D1VR 0'72Y5nY7 YI'o VR'ND 771> ,0'M'D DMNING NID'WN 127 01IN)

SINYR DTIAY DIMEEN2a N9'wN NDYVA7 NIMINANOoN NIMAN

o"Tny o1y .1.2.2

770 X' 271 TN 7Y Nz'on qax T 7y 0'Y'imin 0ruN Vo 7 N1AN NdIWNN
.YIX2 N'MRIOYN NIXMAI NIN'VA XY T'NX VTN 1IN NIN'O1

oy 2

n>yna aio .2.1

N0 7V NNI9'W DNMIATZX 7Y NO0IAN NDIYNN .NIV7ZNN NIDNIN NIDYN? Nd"'Y N>WNN
NiNN NYIR 7 NTINTD DAIITINNN 7V1 01D DNNINT DTAY NI9'WN a7 yT'n
.NTIY 'XIN7 DRNN2 710 n9'wN7 [12'on

NIMIX'N NDWYNI D'Ynnwn .2.2

,NIN'0AN DINNA NNNKXK NIDAYNA DY N2IYNA IXAN VTN N97NNY NNYWOR NNTAIN MTNYN TYD
(D'2M1 [oNN) 'VO'VLO YTM NIIWYNYT YT'AN NN ,0192 .YIN NNFZIOYNN NIXNAI NINAN
.(M'snX N1an - NN9NN) N"NNN TIWNA NN NXYN AT A7WaY

(n>on) wnnwn punn .2.3
79 o

- Vg
'

nin‘ayr nin'pay Yoion



[S1] o'wnnwn niIATTY DY NdWwN"? nod Jon .2.3.1

NI'N7 N7 XN 27 ,0M079 0PN IX DM'0TD D'YWIX 37 DIIN] 179N NI'R NDWNN ,NWYn?
2NN 1127 NNIMD

127 D09 01N T'NYA 9'0INT7 NNUVNA D'YNANYA NINTTAI N0 0N 9'0IN7 [N ,NNRT DY
DNXNN] D'TAY? [12'0 NINN NYARY DNNIIAYR N7 0'01 1IWN'YI D'UR'IND9] IDSNNYNY D'7V5N
.NTIY 'RINY

D'>0N7 NO"DI YNNWN 'IN'T YXIQ' NITN OI'0 DY .NNO0'0I YNNWN OW NITNY7 NITY 1a¥I' 0N
UNNYUNN 7Y IMIXYINY OXNN2 0INX

[S2] j15'0 ninn Ny o'XIN NN Tan Jon .2.3.2

NAXNI YRIANn TN 7¢ 0NN NNTAN YXIAN AT 10N .NDwNN 7¢ 'URIN 10NN Y1 jonn
AYXIAW NINTANYT DXNNA [12'0N NN OV D2IM)

7211 N'7721 Nn'wn NN 0nwnn .2 nanwnl 1 NINwn :0NYNn Y NIy My 75 jonn
.N'7UN NN'YID NNYYIY DT'NANN NOTA AR AN'YA 7D — DDARTNA ITRY! DNNWAN Ty
.NDINN 7Y 019'0-aKRN (AIX'Y X77) [S2] JoN7 NnaIT Naxm 'K kA

.DNMNTZXN NIN'D DI'0 INXY? 7?1 TAI' NnIYA 737 nim 190n

[12'0 NN NYARI O'NXIN NITAN 0N 'K AIX

Microsoft Access - F_Main
0oim Ton 19 DIy O e nm i
A ABBE [a-E apr]Aa §
nm nm
20mMpn oen 17mepn oen
| v 1nm | EEDTVINE )5
B Rt - +
: | v 2nm | TWRE » 2 nnn ¥
| TN TN WAILIN & 3 nnn
Smmns
| TN NINET [y 4 non
mianon
nnl ny:mn© 2"no
n2'on amn P72 (m2*o o) "min nPun/anve /1vnn
0.5 13.88 7 Toluens 23 2131 ,2271 N, 207 Ny 1200
100.0 .02 2 Xylene 33 2131 ,2271 N, 207 Ny 1200
0.5 15.47 7 Isopropyl Alcohal 34 121,237 NV, 237 nera 1200
1.4 5.15 7 Acetone 70 2131 ,2271 N, 207 Ny 1200
33.3 .15 5 Methyl ethyl ketone 83 21371 ,207 Ny, 207 Ny 1200
2.3 2,205306 5 Methyl isobutyl ketone a2 21371 ,207 Ny, 207 Ny 1200
0.8 3.65 7 Butyl acetate (n) 94 121,237 NV, 237 nera 1200
D'OP"MAIN
nNyn n71y9 Op"aIX DY O7'"1IX 210
[S2] Jon nno 09IV 1120 1IN9D

mmwan a'na | 1 ann 1 manwn NNN9] NNiIYn N2a'n

-

nin‘ayr nmin'nad Yoion



nNyn N71yo 07" 2IN DY 07" 1IN 210
My NN | 2nn 1 nnwn | NNN91 NN DA
My NN | 3an 1 nanwn | NN Nniva NaMn
MmMym N | 4 on 1 nanwn | NN NN DA
My N | 4 o 1 nanwn | NN Nniva DA
My N | 4 o 1 nanwn | NN Nniva DA

N?'Nn ,N1'N2A OI9'N psha! 2IN9)
1 NInwna 0Dy
2 NINwnNal

N095TN7 N"ITNN'MOS | NaIN Yw minn NIN9)

NIXXIN NAXN DNWN NN nnivn
OXNNA NN7'RUN
0"LVNIO N'NAY
NINwNal 1 ninwna
2

[S3] n'wnnwn 7101 qon .2.3.3

07191 X7 N1 2%wa .[S3] 'wnnwn 7101 0N qoI' D'YNNWN DT YXA7 07NN NTNa

[ 100 2 MNwn Nl }

[ 2000 2 MNwnna ]

n"D"nn .2.4

.NQN I'KQ DAXIN NDYNN 7w 0Mptvn 0NN
n'"'70n 0'waN N

20

{ 100 1 nnwn N2

[ 200 1 nwn Nl

[ 30 1 nanwn na

[ 4 a1 nanwn N2 ]

{

ONNNA NI XD
MN1IY D"UN9Y

J

81

| |
e, .‘a
|

nin‘ayr nmin'nad Yoion



[P1] o anwn nna .2.4.1
7¥ D'0NT 1INAY7 [N .N'DIRT'N NIXA NY¥ann 2 nnwni 1 ninwn 7w 0nvnI9n N'na
(1 MmN y¥aw N1'NaY7 0UVINTIN DNIVNI9N NIX 71 XIY) 2 NN — 2 NRET NN NInwn

Bl
MYOIN 1 T02 NN'NA7 [N TRXR 72 - 2 manwni 1 nanwn 2 NI7N ' N1'N1a

[P2] n7'na 9% DM naxn .2.4.2

.1 NN TNX NINWN NINS7 7w NN DY Y¥A7 [N NN DXNNA NNY'RYA DRINI DAY

[P3] o'wnnwn nixwan 71a1 .2.4.3

,NDYN] D'YNNWNA TN NIYWYYT? 0701 DX XX ,0'UnNNun? NIXWIN 7101 y¥xann X7 Nt 1%va
TNy YXI 1T

nim 7Tin 2.5
noyna nimer .2.5.1

DMV NMY VAR Dt noyvna

nizon/nD'7NN X
(o'a omnin) (12'o 'mA A
nN70n/7"70N 7w DMUVNID — NTIAY 'NIN .2

p'vynnun .7

VT Naxn? 01un1o NNTana (Data Flow Diagram) DRIMIN NNAT D'WAN XN XN 'K

D1IN1 NNT 7Y 21'VY D'WON AR

82

Ty
|

nin‘ayr nin'pay Yoion



nn'en
niun/oD'7nn

/ |12'0 'mAIa Nn'wN /

P,
~——

n'na n'na

2 anwn 1 manwn
10 4 nnn niIxN?a0
|I'on? DMLVNNO
0"M0N9 NIK7AL NN N
770N I'oN? - qwn 9 ‘gnn
' no'w 7N
(023 W) 1 mnwn nna - ,‘.' '
Py N7y
.2.3,4nm
2 mnen n'na WYNN NINTA0
2nm 1A

NN'NAY DXNNA DIIN) NAYD

D"IN1N 0'0a ¥ n1an .2.5.2

75 NX 175N (T_Main) n7200 TIMyN N2*2w 7D 20X NDIYN DRININ 7W N1ann

ITAY' N'X¥1NIEN 7D 7 ,NRT DY .NVYA DN 10'K 17NN 17aNNY 011NN 7¢ NI'v1Aanign
TAW? [1>'0N NN 7Y 0DIYNI1 NV NIRTD DX ANIRN NY9IN7 NNANoN 7w D\avinn 0w
.NNI9'YW DNMINTRN N0 7V nYIN'Y

D2IN 0'02 7w 11'va N1an TN

il
83 P v

ninayr min'paly Toion



ProcTask T
ChemMat T
T_Main [¢
- Freq_T
Protect_ T
Durat_T
Method T
PhysProp T
Units_T
ndynn nix7av .2.5.2.1
n'wxi nav .2.5.2.1.1
T_Main
10 '
nnyn NTY 210 NTY JIRN NTY 0w | 'on
nNon
FK int 370N TR ProcCode | .1
FK int n7on T OperCode | .2
FK int n7on NN TR TaskCode | .3
3'7nn7 on'nn
-NN IX 70N IX FK int| 2NN wn Tz | duration_code | .4
n7on
FK int nhfn T freq_code | .5
1'70N
FK int| nTay nu'w Ty | method_code | .6
FK int m' min TIp mater_code | .7
FK int | MY 79 NR¥IN MonitorResult | .8
'N1'10
NIRXIN [NoN
qon nidina FK X7/ -n NiNS lessThen | .9
NL'YN NIY'N
84 Pt
e, - |

nin‘ayr nmin'nad Yoion




T Main

nnyn A0 1w a0 NTY INN NTY DY | 'on
nNon
FK int|  nTM DTN TIR unit_code | .10
FK int N1y a¥n T | physProp_code | .11
1707 on'nn
P, 2w 7T T0 TIR
FK int nINN Nimd quant_code | .12
nyxmnn
alrai)b!
win'va
FK int WXNR A0 T prot_kindl | .13
NN
FK int WXDR 210 T2 prot_kind2 | .14
NN
FK int WxnR Ao T prot_kind3 | .15
NN
FK int WXIRAI0 T prot_kind4 | .16
NN
FK int WINR A0 T prot_kind5 | .17
NN
FK int WINR A0 T prot_kind6 | .18
NN
Int | X" YRNYN T CreateUser | .19
NNIYIN
LongDate MRNTI RN oo ateDatetime | .20
NNIYIN
n'NYn NniIX7av .2.5.2.2
0''7nN N'72a0 — ProcTask T
nNnyn A0 ST a0 NTY INN NTY DY | 'on
nNon
MK int 70N TR ProcCode | .1
txt 3'70n Dw ProcName | .2
txt | 20N naTman ProcDefinition | .3
MK int n7on TR OperationCode | .4
txt n70n oV OperationName | .5
txt 70n n1Tan | OperationDefinition | .6
MK int| n%0n-nn TIR TaskCode | .7
txt | Nn70n-nn ow TaskName | .8
|
85 ‘-,'9;'

nin‘ayr nmin'nad Yoion




n'7nn N'72a0 — ProcTask T

al '
nNnyn 1 Atwao NTY IRN NTY DY | 'on
nnon
txt IR man TaskDefinition | .9
n7un
Int wnnwn iz CreateUser | .10
NNIYIN NI
LongDate InT1 ATIRT CreateDatetime | .11
NNIYIN Ny
(D" 1nv D*ININ) DN 0NN n7aV - ChemMat_T
a0 on
nNnyn NTY 210 NTY 1IRN NTY DY .
nNon
MK Int min T CompCode | .1
Txt nin oY ChemName | .2
X' WNnwn T
Int wnnwn ij CreateUser | .3
ala17ah
LongDate TNt T RN CreateDatetime | .4
NNIYIN
370N nNTh - Freg T
10 on
nNnyn NTY 210 NTY INN nTY DY '
nNon
MK Int| 70N NN TIR FreqCode | .1
Txt| 20N NN ow FregName | .2
Txt NARTI TN FreqgDefinition | .3
3'70N
Int It wnnwn iy CreateUser | .4
NNIYIN
LongDate MEMTAIRN | oo ateDatetime | .5
NNIYIN
7an ywn — Durat T
al .
nnyn 1 Atwao NTY RN NTY DV | 'on
nNonN
MK int | "N wn TR DuratCode | .1
txt | 7NN wn v DuratName | .2
txt VRN b atDefinition | .3
1'70N
Ing | " YANYn T CreateUser | .4
NNIYIN
LongDate st aT ARn CreateDatetime | .5
NNIYIN
|
86 P>

nin‘ayr nmin'nad Yoion




NTIAY NL'YW — Method T

10 .
nnyn NTY 210 NTY RN NTY 0V | 'on
NNoN
MK int | NTIAY NO'WY TIR MethodCode | .1
txt | nTAY NU'Y DY MethodName | .2
txt O AN | \yethodDefinition | .3
N7y
Int | ¥ YRNYR T CreateUser | .4
NNIYIN
LongDate MANTIRN |- oo ateDatetime | .5
NNIYIN
nNax axn — PhysProp T
al '
nnyn 1 Atwao NTY INN NTY DV | 'on
NNon
MK int | Ny axn T PhysPropCode | .1
txt | N7y axn v PhysPropName | .2
txt ¥R TR PhysPropDefinition | .3
N1y
Int wnnwn iz CreateUser | .4
NNIYIN NI
LongDate InT1 ATIRTY CreateDatetime | .5
NNIYIN N'Y!
N1aN 'w¥nX — Protect T
2l '
nnyn °l Atwao NTY 1IN NTY oY | 'on
NNoN
MK int | N1aN 'WXNX TIR ProtectCode | .1
txt | NN 'v¥nNX oY ProtectName | .2
txt VAR TN | o otectDefinition | .3
NN
Int| X" YRNYR TR CreateUser | .4
NNIYIN
LongDate TR AT RN CreateDatetime | .5
NNIYIN
TN nITN' — Units T
2l '
nnNyn Ol Arwaio NTY NINN NTY oY | 'on
nNonN
MK int|  NTNA DTN TR UnitCode | .1
|
87 B>

nin‘ayr nmin'nad Yoion




TN nITn' — Units T
10 :
nNyn NTY 210 NTY NIRN NTY ov | 'on
nNonN
txt TN NTN' QY UnitName | .2
NT'N' NN . L
txt : UnitDefinition | .3
nTnm
NI WNnwn Tz
Int | CreateUser | .4
mivan
NN AT IXN :
LongDate ™A CreateDatetime | .5
mivan

yT'n NNVAX .2.6

WUNTN DX ,D'UNNYNY NIXWAN 7101 'T' 7V YXIAN V1NVI'RA VT'N NNVANR
NNIND NI'N7 712! X'N 27,0019 D'7Y9N IX D'O0ID D'WIX a7 DRIN 170N NI'R NDWNN
2NN Xy

D'yix+l p'onty ,0'no 2.7

01790 170N 1P T2 D'oONIVI D'ND)

NIMYNI AL W3

%' .31

(ASP n"a1711001) VIVI'X 72V NOOIANN D'YNNYNA 727 NT'NXR N'¥P'Y79X 717N NDINN
D2ININ 0'01D .AFITNN NI7IDA KIN NRT NU'YWA [NN'D .VNVI'K MY NNXK NIZNN DY
.My SQL wnw!

D2IN) monx .3.2

J'Mmman nunT 197 ANX DY 7021 IX ,TN'ONX NNAN 7Y NNWA 021N 0'0121 N'AN 021N NIONKX

nxp Ty 3.3

.U1NVI'X NT NY'AD D'YNNYUNN NIYN? TINyN n1INn

n'nYn nix7ao Ty 3.4

D"N'Y 7V NIYTIN Y'DI' UINVI'R INND .'TOIN NANND VX' ,WNT DX ,N'NYN NIX720 [1DTY
NN {mLJ)

vin'n .4

%o 441

.WEB ﬂ"XP"?DNJ NNISN N1dINN

-
|

nin‘ayr nmin'nad Yoion



89

".'
e, - |

niptayr nin'pay Yoion

FVUA ET - T BTN AN



5 'on Nv01

D''NA¥I D''NITN 001N NTIAY '2'7aN2 N'on'a JNINDWI NI'70N ‘o

n'soIn n'soIn

oy
D'TINNX D'TINNX n70n nv

D'N2X D"NATX 1"7nn

90 ‘;.:7

ninda¥r nintpay voion
prted

EVUA T T BT Y



| (100%)42 |  (100%)67

13.3% 2 10.7% 3 | Mihnba
nm
20.0% 3 17.9% 5 ”“I o
nnn
46.7% 7 35.7% 10 | on
20.0% 3 35.7% 10 Q'
(100%) 15 (100%) 28 >"n0

L

ninda¥r nintpay voion
AV I I BT N

ninno




4.2% 1 0.0% 0 s
nNaANwn
(o) 0 nyayx
4.2% 1 7.7% 1 P
NN
62.5% 15 38.5% 5 NTNLVR7NA
noixn
(100%) 24 (100%) 13 >"n0

0.0% 0 5.6% 1 "7 |IT'R
61.5% 8 22.2% 4 NPT
NN
0.0% 0 16.7% 3 0v/7393
38.5% 5 22.2% 4 | NOYIM
amy
o o 7'
0.0% 0 16.7% 3 Sy,
qrv
0.0% 0 16.7% 3 nzo' T
PN 177
(100%) 13 (100%) 18 >"no

[1li?'n
DN

92

|
- 0.y
'

ninayr nin'pay To1on



Extended Abstract

Introduction

Several approaches for occupational exposure assessment exist, the majority of which involve
qualitative/semi-quantitative or quantitative assessment. Qualitative or semi-quantitative
assessment is based on various factors, mostly descriptive, and the potential exposure level
may be rated on an ordinal scale (low, medium, high), since at this stage quantitative exposure
measurements are usually lacking. This type of assessment usually employs a walkthrough
survey at the work site. In comparison to qualitgtive assessment, quantitative assessment relies
on measurements and therefore is more accurate and specific; however, environmental
monitoring is carried out only periodically and the results are dependent on the conditions
prevailing at the time of sampling. Hence, the probability of erroneous assessment may be
significant when a correlation is sought between a semi-quantitative assessment and monitoring
results.

Different assessment approaches and statistical models have been developed in recent
decades to enhance accuracy and reliability of such correlations. Industrial hygienists have
developed strategies of exposure assessment, using technological processes in a workplace as
a basic unit for forming the similar exposure groups (SEG) which constitute a central element in
standard exposure assessment methodology. However, characterizing the exposure of a work
force has encountered difficulties when the work force has been classified by technological
processes and jobs only. These difficulties have led professionals to recommend that SEG
classification and exposure assessment also include characterization of work tasks. Breaking
the process into its tasks and conducting a task-based exposure assessment help to refine the
exposure characterization and reduce both misclassification of SEGs and assessment errors.
Another benefit of task-based exposure assessment is the lower likelihood of masking exposure
peaks when assessing time-weighted average exposure over long processes or over workshifts.
Recently, studies have indicated that task-based exposure assessment is not always an
advantageous strategy and that the correlation between assessment by this strategy and
assessment by process-based strategy is not always satisfactory. There is a need to combine

the two approaches case by case, in accord with job type and exposure scenario.

The use of probabilistic exposure matrices has been recommended to deal with the challenge of
more complex exposure scenarios and their health risk assessments. From the relative

contributions of each component in the matrix and of the interactions between them can be
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derived a weighted outcome, defined as an exposure rank. The methodology of exposure
matrix analysis is widely used and has been proved efficient in assessing occupational health
hazards.

Maintenance of motorized vehicles in auto repair garages was selected in the present study as
an industrial category suitable for exposure assessment through the use of exposure matrices.
The aim of this study was to construct exposure matrices allowing the ranking of exposure
estimates for hazards present in such garages under given work pattern and exposure
conditions. The study examines a control tool aimed at separating a work process into its
component tasks and analyzing the exposure for each task so as to reduce the possibility of
failing to detect short exposure excursions. Another goal of this study was to develop computer
software that could construct exposure matrices based on a model.

Research Methods

The study included 50 garages, 35 civilian and 15 military (workshops), located in the north,
center (including the region of Jerusalem) and south of the country. Data gathered by the
Ministry of Industry, Commerce and Labor in recent years through environmental surveys and
monitoring served as the basis for classifying working processes in garages. For each garage,
the work processes and tasks were categorized, and the characteristics of the processes and
tasks as well as those of the relevant exposure variables were surveyed. The most common
categories of processes were chosen in order to attain enough observations for hypothesis
testing. A structured questionnaire was used to gather garage survey data about work
processes and tasks. Detailed data were obtained by observations at the garage and from
information supplied by garage owners and workers. Once specific work processes had been
identified, each was broken down into a series of tasks. Data were gathered separately for
each process as a whole and for each task in that process as to duration, frequency, work
procedure and conditions of exposure, chemical hazards present, the quantity of the chemical
agent present during performance of the process or task, and the form in which the agent
appeared in the air during exposure. Data were also collected as to the engineering, managerial
and personal controls in place for each process and task. These comprised the independent
variables in the study. Each variable was represented in the questionnaire by a multiple choice
question. In each variable, the appropriate response option was selected by the surveyor to
best describe a given exposure scenario in a garage. Each option selected was given a
qualitative numerical score ranking its relative contributing weight to the potential exposure on a
qualitative scale. Each score was then normalized to the maximum score given in that variable
category. The exposure variables were divided into three clusters, and the combined ranking of
each was constructed by weighting the relative contributions of its variables and the interaction

between them. The scores of the three clusters were combined using a model-derived formula
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to yield one general score reflecting a potential exposure rank. The combination of all given
exposure variables in a given exposure scenario was defined as an exposure matrix and the
potential exposure general score calculated for this scenario was assigned to that exposure
matrix.

A graphic model was developed where the three weighted scores of the three clusters were
plotted as points on orthogonal axes, creating a right-angled tetrahedron.

Connecting the three points formed a triangle of calculable area in the space within the
tetrahedron. The surface area of this triangle represented an exposure matrix with a qualitative
potential exposure rank. The maximal possible surface area among all the possible
combinations of the exposure variables served as a reference maximal score to which the score
estimates of the exposure matrices were compared. The maximal surface area was further
divided into three sub zones each defining an exposure rank: low (estimating potential exposure
up to 50% of the Occupational Exposure Limit (OEL)), medium (estimating potential exposure
between 50% of the OEL and the OEL), high (above the OEL).

Air sampling was performed for every process and task to assess the level of exposure to
chemical hazard factors. All methods of assessment used were based on those approved by
the supervision department of the Ministry of Industry, Commerce, and Labor. The exposure
levels obtained were calculated as exposure doses: the time weighted average exposure level
(TLV-TWA) was used as a reference value to calculate the exposure dose in each process, and
the short term exposure level (TLV-STEL) or three times the TLV-TWA (for excursions in the
absence of STELS) was used to calculate brief exposure doses in tasks.

Descriptive statistics were calculated for the exposure dose of each process and task.

Exposure profile probability plots (EPPP) were drawn for each to depict the exposure levels on
probability paper as a function of the cumulative probability of their appearance. These plots
indicated the cut-off points for recommending whether process or task should be the
appropriate unit for exposure assessment in a given exposure scenario.

Including the results of the environmental monitoring in the construction of the exposure matrix
allowed estimation of a given level of respiratory exposure for a given case as a function of the
exposure characteristics and factors in that case.

In order to obtain a predictive correlation between the results of the potential exposure matrix
model and observed respiratory exposure, the exposure matrices thus derived were compared
to corresponding findings of monitoring, and the degree of fit between the two was calculated.

In order to allow accessibility of the exposure matrix model for potential users, a WEB
application program for these calculations was developed, to be available over the internet.

Results
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Classification of processes in auto repair garages created five major categories and a sixth,
infrequently performed process characteristic of military garages only. Mechanics was the most
common process, and it was more frequent in civilian than in military garages. Painting was the
second most common process. Equal frequencies were found for processes of metalworking
and puncture repair while the latter was more frequent in military than in civilian garages. A full
fueling process was observed in two military garages only.

A broad variety of tasks was observed in the processes studied. Mechanics included the most
tasks, and the most frequently performed tasks. A broad variety of chemical hazard factors was
found. Most prominent were organic solvents and metals, as well as inorganic materials and
organic polymers, most having forms of dispersion designated as particulate not otherwise
specified (PNOS). Oils and fibrous materials were also found.

The frequency of processes lasting more than four hours per work day was low (12.6% of all
observations), and the most frequent duration for a process, as observed, was from 15 to 60
minutes. Most processes were performed daily (66%), and 30% of the observations were of
processes performed three to four times weekly. In 70% of the observations a mechanized
process manually operated took place. Quantities of materials with potential for airborne
dispersion during the various processes were most frequently estimated in the survey as not
exceeding 100 grams (around 49% of all observations). Metalworking was most frequently
reported to use materials in amounts up to 1 kg and those exceeding one kg. Chemical hazard
factors observed appeared in the air in five physical forms: dust, fibers, fumes, droplet aerosols
and vapors. Vapors of organic solvents were the most frequently found chemical hazard
because these materials were the most frequently used in all five processes observed in the
garages. Garages do not usually employ engineering exposure controls, and workers generally
use no personal respiratory protection or protective plastic gloves.

The durations of most tasks was found to be notably short, with 70% of them lasting less than
15 minutes. Most tasks in garages (65%) are mechanized-manually operated. The minimal
use of ventilation and personal respiratory and skin protection characterize the tasks as it did in
the processes.

The dispersion of airborne exposure levels is very broad, with a log-normal distribution pattern.
The exposure levels to materials in the processes are usually low. The geometric means of the
exposure doses did not exceed any action level for any material. With the exception of metals,
none of the unbiased arithmetic means of the exposure doses exceeded the action levels.
Differences in exposure level were found between civilian and military garages. Due to the
largely right-skewed probability distributions, the unbiased arithmetic means of the exposure

doses were higher than their geometric means.
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The number of deviations of exposure levels from the TLV for processes in the garages was
small, and reached 4.6%. The deviations from the TLV for hazard groups reached 3.5% of the
samples analyzed for solvents, 4% for metals and 8% for particles. In the tasks, as well,
deviations from the TLV reached only 5%. Deviations were found for solvents in the processes
of painting and fueling, for particles in auto body work, and for metals in soldering.

Similarly, the exposure profile probability plots (EPPP) are adjacent for monitoring results
performed per process and per task, indicating similar behavior in both cases. The EPPP of
exposure doses for tasks indicates no task exposure particularly deviant relative to short term
exposure limits (TLV-STEL or excursion limits), and hence not masked by time weighted
averages obtained over a full process or a shift.

According to the exposure matrix model developed, most potential exposure ranks predicted by
the model for the various exposure scenarios in garages belong in the negligible to low
exposure zone. The fit between the potential exposure rank as calculated by the model for
each scenario and the range of actual monitoring results reached 92%. The model's predictions
were higher than the actual exposure range (false positive) for 2.3% of the observations. In
5.6% of the observations the model's predictions were lower than the actual exposure range
(false negative). In such cases, decision-making based on the model alone might have resulted
in workers having been exposed to levels of hazards beyond the permitted level or at a level of
exposure higher than that predicted.

Discussion and conclusions

The present study examined the roles of work process- and task-based exposure assessment
and of the optional use of exposure matrices in occupational hygienists' evaluation of
occupational exposure in auto repair garages. Breaking workplace activities down into work
processes contributes to the recognition of exposure sources and their hazard potential, and to
the rating of hazards on a qualitative scale of risk levels.

However, in complicated scenarios or multi-task activities, it may be inherently difficult to
characterize exposure by classifying the work force according to jobs and processes only. This
difficulty has led professionals to recommend a focus on work tasks during qualitative and
gquantitative exposure assessment. Breaking down a process into tasks helps in assessing
peak exposure. In maintenance and service occupations, such as auto repair garages, it is
more difficult to compose similar exposure groups for exposure assessment. The parallel or
alternative use of processes and tasks as units of analysis, together with the use of exposure
profile probability plots (EPPPs) could help in dealing with this difficulty.

In most cases, the general patterns of the EEEPs obtained in this study for a process and its
tasks were enough similar to suggest that task-based assessment in these cases had no

advantage over process-based assessment for auto repair garages. In a very small number of
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cases, the exposure level for a task exceeded the TLV, while that for the process was below the
TLV-TWA. In these few cases, assessing exposure by process alone would have masked
worker exposure above that permitted over some part of the process, and created an
underestimation of the actual exposure. In another few cases, the opposite situation occurred,
and no excessive exposure for a task hinted at the fact that the process to which the task
belonged exceeded the TLV-TWA.

The operational variables comprising the survey of potential exposure and the exposure matrix
in garages were selected based on the idea of assessing potential respiratory exposure using a
minimum of characteristics (variables). The exposure matrix model used in this study together
with the computer software developed are offered as tools for use at the discretion of the
industrial hygienist, but are not intended to replace professional judgment or statistical
procedures for assessing exposure.

The development of the exposure matrix achieved the capability to predict ranges of actual
exposure which correspond to the functional ranges in safety and hygiene regulations. The level
of resolution attained in predicting actual exposure level is not sensitive enough to distinguish
between narrow bands of exposure level. On the other hand, applying the exposure matrix
developed in a pilot studying in given exposure scenarios may identify situations where
assessment of potential exposure may underestimate actual exposure in future assessments of
such scenarios.

Use of exposure matrices should be encouraged, because they can aid industrial hygienists in
assessing potential exposure and improve decision-making reliability in complex situations
involving multiple variables. Use of EPPPs provides an analytical tool which can help to
determine whether process or task should be the unit of choice for exposure assessment.
Although this model could be applicable to other industries, applicability must be verified
through survey and monitoring data base gathered for each industry.
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