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Abstract

Background and aims: Lead is ubiquitous and one of the earliest metals discovered by the
human. This metal is widely used in different industries due to its important physico-chemical
properties like softness, high malleability, ductility, low melting point and resistance to corrosion.
Lead absorbed in body with several routs and when transfer in blood is primarily attached to red
blood cells. Human exposure to this toxic metal and its compounds occurs mostly in lead related
occupations and also non-occupational exposures can acccure. Lead and lead compounds are not
beneficial or necessary for human health, and can be harmful to the human body. The health
effects of lead are directly related to the concentration of lead in the affected organe. Lead can
affect on various organs in the body and it is one of the causes of problems and health conditions,
including effects on central nervous system and cuses anemia, abnormal behavior, depression,
nausea, fatigue, Lead colic, high blood pressure, joint and muscle pain and headache. Also
researchs show that Lead causes other health problems such as toxicity of the liver and kidneys
system. Initial symptoms of lead poisoning are non-specific and some factors such as age, the
amount of lead, whether the exposure is over a short-term or a longer period will influence what
symptoms or health effects are exhibited. Due to the toxicity of this metal, it is necessary to
investigate exposures of this toxic heavy metal in different environments. Lead exposure at mines
is a concern therefore to determine the concentration of lead in air and blood samples of miners;
air and blood sampling were down with specific methods. Another part of the study was the
estimate of miners skin exposure that for this porpuse, DREAM (Dermal exposure assessment
method) model was used.

Methods: This study is a cross-sectional, descriptive-analytic research that was conducted on
workers of a lead and zinc mine in Isfahan province. This research includes workers with at least
one year of work experience. The oncentration of lead in the respiratory air of 46 workers was
measured and of these, 40 blood samples were taken. In order to sampling and analysis of
respiratory air samples, NIOSH7082 method was used that in this method for Lead sampleing the
cellulose ester membrane filter was fitted into a holder and the calibrated individual sampling
pump with a flow rate of 2 liters per minute was connected to the filter holder. After completion of
the sampling, analysis was carried out using an atomic absorption spectrophotometere, flame.
Biological monitoring of lead was performed on the basis of NIOSH8003 method after obtaining
informed consent from the personnel and a complete explanation of the sampling steps. After
collecting blood samples and preparing of them, analysis was performed using atomic absorption
device. At the other stage of the research after extracting work information, the DREAM model
was designed by the authors in Excel 2016 software. DREAM model, consists of an inventory and
an evaluation part so the inventory part comprises a questionnaire with some modules consist of
exposure, department(the observer indicates whether exposure to chemical or biological
substances is likely to occur), company(general information on the company), job (job titles are
defined and information on workers’ hygiene is obtained), agent (physical and chemical properties
of substances are collected) and task(information is obtained on frequency and duration of task
performance). Key items of the exposure module are assessment of probability and intensity of
three dermal exposure routes: emission, deposition and transfer. Emission involves mass transport
of substances by direct release from a source onto skin or clothing, deposition on skin or clothing
describes mass transport from air, ransfer is defined as the transport of mass from contaminated
surfaces onto skin or clothing. In DREAM model, exposure assessment for nine different body
parts takes place at the task level to assessing both potential dermal exposure (Skin-PTASKBP)
and actual dermal exposure (Skin-ATASK.BP). Potential dermal exposure is defined as exposure
on clothing and uncovered skin, whereas actual dermal exposure is about exposure on skin. The
potential exposure estimate (Skin-PBP) for a certain body part comprises the sum of dermal
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exposures due to three different exposure routes: emission (EBP), transfer (TBP) and deposition
(DBP). Finally, after collecting data statistical analysis of the data was performed using SPSS 22
software and related statistical tests.

Results: In this research the average age of mining workers is 35.5 years, the average weight is
51.72 kg and the mean of height is 172.54 cm. According to the results of this study, mean blood
lead in different age groups is not the same so that the level of blood leads in the age group of 22
to 38 years old was lower than the age group of 39 to 53years. The results of this study showed
that the average blood lead of workers in mining tunnels was 24.7ug/dl £3.36 and the average
blood lead concentration of workers outside the tunnel was 23.57pg/dl + 5.80. The mean air lead
of the respiratory region within the tunnels is 0.0205 + 0.015 mg/m3 and the mean air lead of the
respiratory air region outside the tunnels is 0.0201 + 0.017 mg /m3. Independent T-test showed
that workers were not homogeneous in terms of blood lead variable and there was a significant
difference between the mean of blood lead (P <0.001). Results show that although, with increasing
work history, the level of blood lead in individuals has increased, but this increase is not
statistically significant (P = 0.224). Comparison of the results obtained from the control and main
samples showed that the mean and standard deviation of blood lead in the main and control
samples are 24.5+5.43 and 17.08+ 3.85 respectively. According to the results of the correlation
test, there was no significant correlation between the Lead concentration of the respiratory air
region, the concentration of leed in blood samples and the actual skin exposure that comes with
the DREAM model with a significant level of p= 0.806 and p= 0.193, respectively. The mean of
lead concentration in respiratory air was compared with occupational exposure limit in Iran so that
the average results of the respiratory air lead were 0.02 mg / m3, which is less than the limit
specified. According to the results of this study, the mean blood lead of workers was 24.5 pg/dl
which is less than biological exposure indices. DREAM model analysis show that 15.2% of
miners had a low exposure rating with lead, 4.3% ranked average, 13% high, 37% very high and
30.4% had very high exposure rating.

Conclusion: Regarding the porpuse of this study, after careful observation of the process and the
different sections and working areas, the level of Lead in the blood respiratory air were measured
and analyzed. According to the results of this research workplaces are the most important factor in
increasing and reducing blood lead. It is almost impossible to remove lead completely from the
human body; therefore, reduction and prevention of lead exposure are very important. The use of
appropriate personal protective equipment, the correct use of them, establishment of appropriate
time table between drilling and extraction, the use of rubbing non-petroleum products are
recommended in order to exposure control to lead. Occupational hygiene has traditionally focused
on inhalation exposures to chemical and biological agents and during the last decade, dermal
exposure assessment has received more attention. Different approaches are used to estimate
dermal exposure that in this research DREAM model was used. Results show that DREAM model
is flexible and can be used for dermal exposure characterization for all kinds of scenario and
because of its hierarchical structure; it takes on average 15-30 min only to assess exposure for one
person carrying out one task. According to the present study the DREAM is a simple and
inexpensive model which is well suited to investigate exposure to lead in the mine. This model
supplies an estimate for exposure levels on the skin and outside clothing layer, and gives insight in
the distribution of dermal exposure over the body of exposued workers to pollutants. In addition to
the advantages, the model also has some limitations, for example since few studies have been done
on skin exposures, the values are presented hypothetically. In order to expand this study and
provide more definitive views on the DREAM model, it is recommended that in addition to
measuring the concentration of lead in air and blood samples in different working conditions,
researchers use skin sampling techniques and compare the results with this model.In this study
researchers suggested that skin and clothing sampling methods be used to increase the accuracy of
determining the amount of lead exposure to skin. Also, the identification and risk assessment of
lead exposure in workplace is recommended to determine maximum and minimum of risk level.

Conflicts of interest: None
Funding: Isfahan University of Medical Sciences

How to cite this article:
Mirsalimi E, Rismanchian M, Karimi Zeverdegani S. Assessment of exposure to lead through air and biological

monitoring in a lead and zinc mine. Iran Occupational Health. 2019 (Oct-Nov);16(4):35-45.

*This work is published under CC BY-NC-SA 3.0 licence

Iran Occupational health. 2019 (Oct-Nov);16(4):35-45.


https://ioh.iums.ac.ir/article-1-2495-en.html

S

e

/L‘(-T‘(—v‘\\

9pdlie . . i
http://ioh.iums.ac.ir AN K ¥

- ‘é

H

\YAA QLT}J_@A f OJLQ.«:I g 09

T b o
*-\

-

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

(59 93w (9o S (el 30 (59 598w b 9198 Wl @ 3D 31 @ gw b (i 4g>190 (ol o (S0 )

ool (Sbjy pole oSl ¢ gldd o Cudliny (wdine 055 «udligy 0uSul ¢ o goraily Clidos diaS (glad > Cudligy 0l wlid )5 (ol 1 soukw yao Slos

ol coleis!
Al el laol (S pole ol wcuilipg 03Kl ¢ slab > Catligy (wtiges 08,5 Ll 1yl lomnd 5 Sgrans

Sl el ol (S pole olSils ecuiligy 01Kl ¢ shid > cudligy tits 09,5 okl (Jgie odimi) 1 D495 00,5 1y

Wojlganls’
€

doa iy

(Seigden Lk
DREAM ..

W edlys ol

s_karimi@hlth.mui.ac.ir

oA:.S%

sl )l 9 OMSe joy ol Sl (S 518 ol bl oo il qaliao 13 3018 3 38 51 (S 095e) o B BB g e
o A 3 3 ol S 4 agi Loyl 3 ) b i 9 b Sleplge o 03 S90S 9 55 e las] g (5 )ls alox il
OIS 09 Gy e 9 I oy b S dlge (e e B L adlllas (ol gycnlil 28l oo cilisee (slalasme 53 Slealye
DREAM (Dermal eXposure  Jus 5l oy (iws aalse Jlais! oy oo 4 cpioman 3aiod ol 53 03)5 Gy yai (pdas
3,5 szl (@ssessment Method

S il L g5 5 0 (me S gL 09 0 oS 039 (el ©y908 5 (b — o g5 ) ol Al f o 0 (09
3225 (6So3lasl OlS) ol Sl 58 ¥ (i adlaie (glgp )3 G e 35 (nl 53 2855 plodl el il 3 Jlo S Jilas
Stz SIS 05 5 (oS et (Slgn sladised 3T 5 ol yaised polaio 4 .85 Pl (95 (S Wiged 8 T Sl ol ol 5l &
SIS sy Agzlye oliee syt yskaie 4 .0 o3lizel NIOSH 8003 5 NIOSHT7082 5 skl j1 i s o poo Cile cypes
L ool 5067 Lyl boosls (g olgan 31 (g 29 sm Joli |y puiio V¥ ggammo 13 Jibo ol &5 43 ooliiwl DREAM lgis cos Jas )
88 Cygo dbgrye slagygesl plol g SPSS 22 133ls 5 5l eslisl

oSl g YEIVUGIIEYIYS Jolao cpae clo by )3 JELs (S)8 053 o 0ol gl ool ol lis ol 1 slaeily
Lo By Jo5> 53 (owdis adhaie (lg oopw pSilio ol causd 2 WOV PG/ O/A- Joleo 55 B3 51 igpm SHK g5 g clale
2l il o /¥ N MYIMBESAY b biss 1 25 53 oS dibato (glgp oy (3650ko 9 +/+¥-0MGIME /30 Jslao
Lagl 055 s 0silee O 8 oline BMST 5 0395 (S0 (155 oy live 5 Jl o3 (i 09,5 93 & o (5 Jitw T y505]
Oy il g S dllain lon oy cale gla e o 6)bline b)) gud (Siued (j90j] gl 4 dogi LL(P</e2)) 3) 352
(Pv =1y g Py= /A5 g)blixe gaw b e 4) i osnliie DREAM Juo 5l Jolbs swg arzlse b 6>

S ol 5 035 (195 o RIS 5 Gal3E 5 e Jole o S S Jme e Sl oel s 4 @l b 15 55wt
sl il 5l okl sl 5 (g5lis o combio (salej aaliy sl dag] 5l oo odliel ogos cawlio (63,9 cslis Jolwg
Ol ket 4 33,5 o Sl imed 35 o g b Slazlge S8 jglate 4 g)lis Jlam slajlised)S il caa (s
Oripen 98 03latl ji (Wl g gy s 1)l paiges slagsde 51935 o0 (i 3)ly Cuwgy ol 5118 oy (line e g €8
35 Sleey b Sy aw (i 9 (n3eS b OIS oo el sglate 4 (i Sleplye slacSin; (b))

Oledol ([Kij pale olKiih 2l Colon xido

:llio oyl 4 slciw! o gt

Mirsalimi E, Rismanchian M, Karimi Zeverdegani S. Assessment of exposure to lead through air and biological

monitoring in a lead and zinc mine. Iran Occupational Health. 2019 (Oct-Nov);16(4):35-45.

Dl 4383 < )90 CCBY-NC-SA 3.0 bt Galloo ST (o piand o 90043 allite ¢yl plidisl™

I[ran Occupational health. 2019 (Oct-Nov);16(4):35-45.


http://orcid.org/0000-0001-9662-8561
http://rjms.iums.ac.ir/
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
http://orcid.org/0000-0001-9662-8561
https://ioh.iums.ac.ir/article-1-2495-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

Py—a ;3 (godxin s—ale Lo )55 eSLs
O 00 e 3l (6 slecangane 5 Lo Lo
Sl 0035 piiie (355 5 L pd el oI55
355 (G ey Sl 5 0 b Cogonns .(VA)
Bl oy 51 Ly Y s agrles il a5 5,15
) il o gl S

L ol 31 agrlye (o) 2 E95 Cn e (S39dom Ll
Elale 50T 00 15 0 5 005 oslaanh osle
4Bl agzlye 0,8 50 (035 slsa b g lacdl o
Sy Ly agzlye 3550 slp Sl Gl walso
ooled (P 53 Sy ol 5l (ol 4 &S ket
Jemily g 0l by Jlse Lid w0y b 0 3
el Oiie 00,18 899 Loyl slaccul gl (g eSS
=l S plrean (Sisdan Gl dsere jsba
S Gaizmen 39 B0 485 L3 p0 (6 S je
5 0ad i olond Olge b a8y aglge olulils
o Slga L Ylaio| 05 gy a5 LIS
OV AN ND) conl sute 38 05 )lo dg>lg0

5 )il f5e OSHA olojlw VAVA Jlw o
bl 0, STl g a ) (eges mlio )3 o
= 2 PS5 95w Al G polie sl o
Cgee ol e LS ) ol Bl ey
oo el o lastiwl ulwlpy (VY (Vo) 00,5 o0
ol g 5908 glad o Cblage (1 AeS (Som
Yo o9 50 oy e ailiw] o> IS 8l TACGIH
o5l (VYY) adbioo ) (owd 50 059 S
GO el &)goas ol Bl den 13 (55 o (e sole
VLS )5 5o t0Blion ;5 (o )59 S T
AYL polie ;o (IS Sjgots ©pw b Cuogons odle
D9 oo 0dalive (y93 )0 S (pws )59 T
Sl (S (5255 50 S Cuogons @De 4z )5
0020 3 ) (o3 2 59,50 B Sgu> polie o
(YO YF) 090

ozl (com Sy L (it Slalse (owyp o
Cesgy oy 3l o 9955 Sl (o2 45 LTl e oo

I, Occupational Safety and Health Administration
2, American Conference of Governmental Industrial
Hyagienists

dodso

ey IS5 50 o ol ol 5 g o
590090 Jslasie ;S (T Gy g o oolil
O A S (Jolite (Lblagy IS5 Sleogas
9 oo 2 b s (V) Sl l0)95 1 (Soae
o5 glmely Uy it glalame o o] Sl
g Sled—s jlwaine) g plosl (g 5 (—)l55
liSas e 3900 OIS 58 (o laCaagons
oobed 4 jeuome dxd gladl 4y oS |, ol 8l sedl
el 5l S Al sl e sl 4 s T
ol 45 09d oo gine aiecon ) slaoan Y]
sl, 8l (V) o3losl o ylas 4y gamjobas 1) asol>
W)l L8 s L agzlae (om0 p0 45 (6500
L g srio oS )15 o5 j0 a4 s oobxdl
(1) S oo (S5 S5 slajeed o

Camg o «(PDS) LS pose S 0
(Y) 85,5 oo zly5el (PbSOs) et g (PHCO)
Slapase S byl 5l adsl o Sladss 7V
e Sl S 5o gl Pl 595 5 e
S5y IT e 5D gy /Y B Y (ol Baae 53l 553
=21 5l o o AlIlw G pae (F4Y) NS Fpy
gl o 3 ol allbioe o5 9l 4 290>
st GBS «Sj 0 adgi  ellad (g5l e
31 2,5 (il ybl 5 LSS, caiS e lgreay
(0)

g 2 b e (oled Sde @ 57 Golee o
Lol )0 sl 5 Sen 45 (5550 (slaliad 4 355
Onred g 9l s 992 5 nl 5l placdale
ol b agzlse (B yme po iy 4 009l sl b olos
2 o SLSNE) 0555 o0 )58 e S
(SIS (5o ool @58 350 Ly Vyame aill
oy el s (oSBT a5 0,05
@ Olies (i > S )le Dad a4z 500 8 o0
Sgldie oy S (e g 00l )y oy 4 aS
Soce Vb a3l b ol pen Yoaxe loailis il e
el SO YY) el 0 oamline YU o jos o
e 5 ol Gla SIS 5 (S o b b
5 OYLS )5 5l e Al 5 (it slalase
OV aily o (5058

I[ran Occupational health. 2019 (Oct-Nov);16(4):35-45. YA


https://www.osha.gov/
https://ioh.iums.ac.ir/article-1-2495-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

w9 ln il b 5l oy b s apalee olise (b))

oS plebid Jlaioe slags e abilo

i adlaie glgn )0 oy (e e cnl @
ooy ol 5las al g oslasl oI 515 ol 5l a5 FF
NEE IS N ICIRE O SRR PNC SVENg T £
00,5 S5 oy by lalST 2yl 08 i
Lagl an gl )] g S ages Ll pd (ogas s g
adlaie O 4y S5l ass b ool p3Y Sloses
Fosre 09 Bblis s S Ganpend 6,5
sladis 515 9 F 5T Bhlio 5 o5 Labss
D9 b dngtd L g ds (ame b (S )
s Olgisn il 590 (59,8 bl filug aloz
Swbe g ENYAA o lasbi ol L o —aul aSs
FRPY Jocs 50351 0, 52 b o Slhgms Slidgo 5
5,5 oLl IS S 5 el g HY-ASSY

2 AWV ogam g lafigh )0 j&3 YT 595 e (yams o
VeoaS g9k 00g IS 4 Joriee (ygnligld il 1S
3o g adly gyl Jad aS owe jo Jeld of 31 51 e
Bgad Hlgiedy il jga> b Ly 5 A58 Lae
D8 )5 18 obj)l 050 wall

Ot baie 4 i adlate (6loa 5l (6l peiged
P9y 5l o8l (s ailais g o s Gl e
a5 0y, oslicasl (¥Y) NIOSH 7082 s it
Jos il Ciz oo L ¢y (g9l (slodiges
5L oo Perkin Elmer .5, & el a5 Elmer 2
28,5 alol

Sl S s g el 8 La g o LS log S
Lo Jigs 5 4yl e 4y il go el A (gl
1S 0 Seds oo ZlyFil a5 S g CesVl Cush,
Sate o 009 ()5 Saw Job pled jo (5,00 paigad
los Sl 5 53 lyo 5o 573a S JLégo 5
Sl 085 Do Jleiol e () 4 09 o5
S5 o cizmen bl o o5 2LE 5l (overload)
S5 S8l ity L5 Al cde ay (grligld
Lol agzrlge (liae wilo jpiam S 361 50 1 0
Bl kol g sy 008 (595 Do 0> 4 5
2 Gl pdises oy Cle om0 )5 0 JilS s,
8 ol g8 S oo S

Jolis a0 5ol jo oolai il 050 &l g
5 riaskeo YV 15 L giglsb il L) Sl paies

OSen e L g SaB0lS by el a4
3550 o Jae 5l pliize (5 950005l ol o
S8 5 (nl 4 g WS oo 03liiul Sy agrlge
Sg g0 0010 18 axlllas 8,90 o Jow 4365 ol 5l (S
L) Sl s e 58,5 0l (VV-YF)
Ol o 10U ppadt 4y poie «Dldbed (0 aglge
O3y Sl i Cosl (Ses 45 35800 429
SFY) syt e Slydas Sl s el 5 cds
Joe o bl s "TDREAM g, i jo (Y
s Schneider vy cws ag>loe lim so5—gie
Jae G DREAM (Y0) cawl oo slpaian o) Ko
Sygmots Of (o9, 5 ablioo (oS dad soskhe
Ll Golel p (goms Slge b gy aglse 5l 6951
b bl b o 00l 055 olend 9 (S5
L (FF) il oo agzlge )90 93 vy gl 9 518
969 9w O3l ;0 o Vb Chile @ axg
o=l L apzlge o o8l Ceodl Laa> pg3) yioren
e OrSile el 35 Gl plnl 5 e S
L ol aslio 5 59, 9 0w odme o L5 095
Al oo G Sl 50 S5 ge oy (el
Sloole ol (g aalge 3550 pslate 4 (prizeen

0 5 oolew! DREAM Jow

IR 0095
Oygmods 9 (elodm oy g5 5l aalllae (]
] 00 ﬁL?u‘ Lg)LA.w)w O Hgods as 09y L;’.Ia.a.a
ablw Jlw SO Jlas mils asdllas a5 09,9 by
Solorm il Ly (001,80 5 005 oy (om0 50 (518
Jad a5 60l 18l i oran g Sy (6 low (oS
Al 7B asllas lails pgo

o, 81 S8l S g0 LMl (5,5l aoz jotaie ay
g 00,5 oolaiwl dsliion 5l dslllas jo cusSeS i
ablw wwad o 6,5 cele (Dlass e ol
s5b e g ol ailiy; Bpas lade 5 K Jloxt
A d>g Lo C‘)M‘ Ql)f)lf uaL'S- s lew

S aiile Falilae gle e 0ids oS oMbl

3, Dermal exposure assessment Method

Iran Occupational health. 2019 (Oct-Nov);16(4):35-45.


https://ioh.iums.ac.ir/article-1-2495-en.html

a2 jetate an Lnles (Y V)b Senty mlas
230,5 oolaiwl seil iz olKiws 3l adiges

S92 42 l9e Gl (oy 50 DREAM Juas
Eo—amo ;0 45 30,5 oolawl DREAM  Juw 5l ol 3
Sl g el ool oniluS Jaw opl o e YV
Od Crond A0 ag>lge a4 az i L) Sty ag2lge
(F) amo o ylis

ssbie a Sy yaald gajl 5l i ml o

02 )l patiged cmm 9 (=g S A nlsg
8,5 58 el 00i)lag S Sy gy0 S all o
Universal PCXR4 Joe 59,3 (5,l5 paigad oy g
L, alg b aids 5 2 ¥ o LSKC e 5 el
J=lye plasl 5l ey 200 )5 Jaie ;8 ons lagSS &
A o ool Cdm olKiws b 5 JUT (s ls paiges
28,5 plowl o S Y
Js—es® jlesliiul L lga 0w cbile cles 5o

b 99008 eoliiul Laosls Jloy anjos (o) 12005 dlone abgy e
oo g Py = +/+Y) o5 aiiges sools og Jlojp co Gl =GV _
Sg— ;S ¢ /o0 3l g lolims e o Py = +/+¥)
J=ds e g axBls Jloyi s o je5 Waosls (nl b
sbaie an ol 2 g ol (Ko (5051 5
Slo2 5 O oy S pSojll I Jolo gl anlie
20,5 oolainl pwiis ashaio

5hooliwl b (g Ll 5JUT daools (s glanm 5l
o9l 3l g o3 )5 Lol SPSS22 6 Ll I3 8l o s
g Loodls Jloy a9 oz ysbiie 4 Shig s
T 05051 5 gl (Simsnran 3031 51 iz g . s
oolizl Laools (g ,olins s (yowsd gz Jiino BE e {‘ 05 s \Cym-." 610 paiged sl
ey 3 Sl S ot gl 4 oe b
Ll oo sloasges 5l pd e Ve Ul gl 5o
asl sy porigel COliS 5 Jolma id Lo < /A
ol jsboas DREAM o clo e | Jpuo jo I3 rodishes Ty (APDCTX) ol 555 50
Sl e ) by o zls ¥ Jgaz ;0 .l 00 03 4 J=lo 4o (MIBK) 555" Jbiggil Jete bl (!

ol 1 &S 6o sl ot o0 ,g] Sl e | TPMse Ly BB Ve lam s i Soody il

Slop x>V odga o Slile C Jgo 2 00l 5o
Ch dsiges o oy ctale Cs conls (5,00 pd gl
Ages px> Vs wald gladsges o clale .Sl
Al o oLl sladigel > 1Sk Vi g walis
Cubd) S 5l g al> e nl 5o 1 Suelsn b
J=1re 0 )lps JolS g5 § iy 51 ailalsT
e Seislee il dapl 4 @ls €l g (T aiged
28,5 alxil (FA) NIOSHB003 b5, (bl 51 0y5>

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

[xvie O Jal.c PU &, oS O JALC ‘DU (@3
S Ol e {elobe) pos EV ¥ bsr g Cugy 9 ol (595 » gy Sl Poee )
O Caond ya (gl Bly twgr axalge SKIN-Agp 0 g0 pnn 4 0sd 03g)] zolaw lade lese Y
pegase ol b i M \# sLasl s ERe Y
Sogll plp o cblis Jole PFMua W g abge g thablbre g Cangy g Wl 4 Syl Ll Pe.ep A
Sl gy (45
ol b (iSasd canlie L] GC W rgh b oled ) i e Cawgs g el 4 Jlas) Iree 1y
SIS
g odwdoy jgy Jobo 50 o 4l pé glo (iSaws 3] GD \a aalge pne 5> 005 03g)l ko e ERp 5
395 odedyy o (59) LS Cad 93 UG v BB Ot Camgy 9 Wl )3 gy 04D Pree v
Yy (iSaw (o Sols Wil URF A L2lge yumo 53 005 o3l zolaw lide Io.sp A
g g0 F Y oobes s (Sl b 1 il s ERr q
SB35 e DU Y Sapb cdls PS Ve
(Le 5355 08 9 g i dol> Slga) Cboye pgo / Cughs SS vy Sl 55 c N
(JS) o5l gy a1y SKIN-Prask va el g piSies ujSole (il RF W
(JS) gy (ooly dglge SKIN-Arask vs 398 (oo odlizul Gl 05 5,8 BC W
Iran Occupational health. 2019 (Oct-Nov);16(4):35-45. \Q


https://ioh.iums.ac.ir/article-1-2495-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

g len ol Byl 5l Gy b Jad agalee (e 2L

Gun (ol Aigal KdlS 905 clappite j| Jols gl T Jous

(JWo) o (o) 23 59 BMI Sl &) Al
(kg) (Kg/m?) e (JL)

v ¥4 4 4 e Syl
YO/YA \YY/O¥ Y/ AR Ay WY/ A USJLA
N+ £1o¥ VYo Y/vs - y/A-. s)bsl:»;l «_é\)zsl

Y VoY A AY/0A - Y e (o yiaS

oy AY Voo VAR - X Ml oy g

Odne il gl sy 50 Jeld a3 (58 5 i ddlato glon )3 3990 pw Sk T Jgus

ol o ors oSibe Sl Ipp s (Sbee () o3 S e

Jess (Hg/dL) e (mg/m?)
F/a¥ay V2D AN RN ATAY ) dilais Jg e
YIYAY - YV/AVY DAY o/+Nay ATZAM Y ailaio Sy
FIVIEF YAIYYY -[\5Y -/+128 YAR\as Y aibaie g
FIAVYD Yo/ ofeevs o/+Y¥ LAY/ ¥ dilais by
Y/34.4 YV A ofeyyy ALY 0 ailais g s

S e SiSI 4350 5 20L5 09,5 13 (53 e slime Sl g (ke € oo

Jito T 90l s Jo Bl (HO/OL) Silke o SS& slo 095
G me aw df t
<[5Y0 YA —«/¥ay \VAYd Y¥/V-. by
d/A- /oy Jigs i
<ol YA ¥/-5 o/fY Y¥/o- 390
YIAD W/eA wls

RGP 00)91
JELa L3 (93 i oSl s Lo ¥ Jgor
Sl (pizmen g Gane aillony bl 51 G e 50
OB 4S5 jabdy 0 il oo wall 09,5 95
atzlye ooyl Joms 5l Jrole mlis 7 Jgaxr 5o
Lol 0 00,51 DREAM & g0y Sy

G S A g Sy
L 8o olisl 5l e casllas Ban 4y 4o L
Gblis jo Jeld oI55 5 calbizee gl ooy a9
b5 adlaie 6l9o 5 (9 e Ol ()5 Ay
D8 el 5 4525 0550 Cold 50 9 w5 (5 ol
Loy VeV Jlo po,wslulbulasi . cof
sy 0,8 el LS, ol cilagy 5 cbli> azes
15S ddam ) lagiS ol o kil b g8 o sl
Ll g b 51 VY e 2 cad oglite Lo

Lo YOIO acxe 1,508 e nSle ) Jgon
Laglas oSl 5,55 LS OVVY ()39 (Sls
il e e ile VYYIOY
9o oy e Blymil g (WSSl ¥ Jgo j0
asllas 0,50 3blie o Jeli ol 3l S 4 95

adbio lyn g 93 0y LS Gl (Sued )y —0 Jgi>
Ol 903l b (oS

./.Qy Sinod Hlsde
RINZN d)lbl.l.w )l.,\ia

el twg dalge (i (hin 45y 1 Jous

Lo yd slass 4s,
AL v oS

\A) Y bawgie s> 4>
W 5 Yb

0% W sbj ks
Y. /¥ i Sl e

I[ran Occupational health. 2019 (Oct-Nov);16(4):35-45.


https://ioh.iums.ac.ir/article-1-2495-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

052 @ (plee a5 By lis (B8 D yge ydne
5l o YN O pO/dIE OIYAY Jolae (5,5 ol 3
ot dilaie glop Oy (Sl Lol caliil oo YY/AD
oS a1l 55 6K 28 5 (65K 013
Sl i adlate Gloo oy (2Kle (im aBl oo
o8l gl g /oYY M/Mm® Jolws 5, e ol 3l
ol e 4S5 Lol taal cows 4 /o VA mg/m® 6 K
L s 5 aihaie slso @y 5 093 e G 61
P A) M S O 0958 5 099 65K
o=l 3l Jmols s 3ub (Pu= +/YY Y4 Py= /0T
alids (g sl 09,5 )3 55 @ el (G5
0955 10 097 2 Oliee 45 Sk bl oed G
OY LY cwog,S 3l 5 mb JWYALYY oo
a2 e 5l (g 09,5 93 52 50 5 W3S (e Sl
O3l am g b (Hy adbioe e 9290 b
09,5 €l s (95 w e Sl o Jie T Lo
aS gl anslae jo bl e o pxe OS]l
a8l s bl Sldlas plu g Gudos ol ls o
OS5 (5,10 )0% 2 Beiod mli b 5udod (nl glo
codd plomil (ks 385 )0 &S Al (e 4
09> 50 oy aS) Lo 4 (FY . FY) Wil o e
A« S5g5 g0l ax calin piw b ol,81 6 aon
39 99, o= il plply o ls 8529 po g &b ol 4
Glplis 098 S8 oy 5l (ke 55 wald 0 )5 (55
Olyrean wald 09,5 (193 oy (2ke G5l 5o
addllas o aS Canl S3 4 e o8 bld 4l mhaws
Sy9— 09,5 L (a5 ol jolS) aall 05,5 « ol
Lo 5 005 anliie sba (S shls (Game o1,51)
50 39790 oy 00V b ag>loe e 4o oyl gles
5 38 93 oy Ol JB Al Rl L 4z S

(e ‘_g)L_o] )_Iaa )‘ w‘)ﬁ‘ Q”‘ ‘513 Cewl 00 prevae
a8l L asdllas cpl mls Py = - /YYF) wil sos b
oals plol LS g bo «SigS )0 a5 3ados aw sl
S adllas aw pl mls o cilhe ¢ Slgen
Ll 093 @ 5eSle 9 )15 Al (o a5 092 ()
mlsas g LYY ) ) ol 0szg 550 e

Iran Occupational health. 2019 (Oct-Nov);16(4):35-45.

5 s Sugb) Olies aloz ) ol 5 mbio lage
Dolite joiS alidee sblie )5 (505 Gl pimen
Sy5— Dl g9 gl 0955 5,00yl il oo
(59,8 cblax> blug 3l colaiul ogou 5 £45 coslail
5 B ojly s (S g Sl oy, caddllae g3
axg b aslas ol awolie 1 aiue Sglate
sl G515 o ol olsiz Ole pos 5 38 slo sl
G ) gl s 5 o S 5 o ol Y
(FV) cal ol por i 9 Codguma b S50
3790wy uSibes odal Cows 4 s 4 axg5 L
03,51 ¥ Jgizr 0 48 ailiomy (6,5 3blis slgo 50
Sl 5> @ (eNlee Jlade (nytey fel oad
slo bgs J318) 004 +/+ YFO M@/IM® Joleo F adlaie
(US55 51 )N adlaie )0 55 jlade (p aS g (ane
Jiwe T ygojl aib o o[-V O mg/m3 L 1l
20 LS s slen 5l odel Caws 4 guls a5 ols LS
Sl o i 735 g 5l g)ls g by S
o6 &bl WS g 00 Ser i ddlaie
(Py=+/2Y0) 0,l 0525 byl 19 Oy Slee
adhis glgo oy il o290 laooly (Sl
dalio )90 Ol pl )3 0ad (Byme e Sgux b (pundis
e Aol ol il o (5 ke 8,5 15
> 5laS ooy /oY MM L,y s dihais
Wbl oo /0 MY/M3 L 1 ly 4 S oods 8 ,m0 jlne
o e el 5 s a5 by el i
sloe o> 5l aS 00gs YE/O po/dl Joleo o) ,5 )15 95
3 S 9See To (cm )9S 3 ol iy yad
O ygmo L5 Gy yame j0 00l plodil axlllae b guiss
O3 e Gle &5 09 ol 5l (Sl (28 8
4l 5l 5 ombs GBS (nl 5o aslllas 090 IS
i el YA pg/dl sgu> a5 Loyl asllas slo
Sl (S Dglas el o) oo a5 4y (FY) Wil o0
sl ul 8 50 sl oiws g4 ozl Bl g e 4
Al Gane )3 35290 (ormb dses g Sush) Ol
slre w5l 5 mly ke 4 az g b oS 05, (ool
9k i O9F e jlaie IS i slsa 0 oy
o=l Gtod sl jo aS il s v 5l 5 0l LS

205 Jol> azs
Sle2 5 3> @ 2k G &S (6l anslio Lol
fy


https://ioh.iums.ac.ir/article-1-2495-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

w9 ln il b 5l oy b s apalee olise (b))

Lixo oyl 4s oteo oyl 0t sdalie (Py =+/131)
an jLee9d S Sjgots lgn )0 oy lade oS Al oo
ol ol (wsy 4tz lsn 9,51, a5 00y o5 (5l
358 055 4 of JWEl 5 Cusgy 5l oy iz (5 0aind
Ly oS JolS Caada b (g oo 1) ol cnl ol oo
on oz e ol Sl eslaal ogas o Sl
aolio U5 ais <l yome (pl 50 @y (Swgy ol
25 Oyge

ool yo aslllas (ol Ay jplaie 4 2100
clale e 6,503l 5 ogde 305 oo drogy aline
sl by, sl esliiul L o9 9 l9—2 )0 )
S &S s chile gy w610 paiges
J=25 5 (2 9590 8 Wb (o0 e S Sy
IR

5 ol e S ole (n e LSBT LB v
T2 Gaiod (pl y0 iz e adbiss (9B o GRS
e Slod o b 55 0 e 5)l0lne DS
5551 s 55 DREAM e § s bl 4 15
bls,las 0,5 pasive o)) (g 442ls ]
CrBle 5 Lol satld T 5 (55 wopms b (s, lolins
el Jole 093 dga 0 09250 0 pw (55l )L 99,5
aBlge o8l 92 o e 09 ol L YL
0570 cmmlio (60,8 Cblax Lilug 5l oolainl yizen
clie g le; del p olul da ] 5l o solaul
e slaidle sl oslinul gl il 5 55l o
aloxjl g )i jlam sla)legs 57 alS g
agzlse LalS ol 45 eogr golpiin slo asliy
aalol 10 .00, 5 o a0y oy 0a YT L ol ,5,18
aelp So (b pame (Ygiae &5 29d o0 Aoy
5 cwlio olde aol SO 3l eolainl b ool sanyle;
wzlye (a5 Sy Cupae slaghs, 5l ool
Lol 053 s Sl 22l g G5 5l cdidlon o
SalS 1 (e 2l el Cles yo 0l s
4 B o9l odls IS5 4 ol S 5 0y b a2 lse
@il s (i Shblbe b o155 )50 0
oril ansls Jls

P gy
L ol ol )5 el bl ol allie ol gols

3 Jeld o3l a3 o lade 5:les casdllas ()l
4 Sl &jgmo ol A @iy 3ble I S 2
DS 9 (s JB) ¥ adhaie )5 (Kb (e
Sl ey an (s JB) T adlais 6l (KL
aslia 350 YAMY pg/dl 5 YAIYYY pg/dl ol
Yo pg/dl as , b 550 o jlailiwl b 398 slo (5 Siles
095 93, @y Aglge 45 wmire LS Al e
ol Ly (YY) wil o 00 el sl o 51 55 omtls
5 JH555 Coomnd )3 55 glaools (S T (505
L5l eeg,S g a8 30 (pl 5l (Sl s by 2
O S Blre WS 5 05 (Ked (595 0w Olie
Py =+17YD) il 0925 oyl e oy nSleo
S-S )0 a8 egh b @il ) Jeols s
el a8 F plonil (hlSes 5 5518955 bags
99 50 52 oy duslide jelaie 4 (FV)o o cillas
90 o oolaiwl Jaiwe T Qyﬂ 310,90 g dall 09,5
B 5 0093 (Kot (195 s puiie JlA5 5l g8
3,08 0525 Lagl 55 o eKilie G (5 lolins
Pu=-l-+))

I3 diged gl (o (o sl (Krod 35l
o=l o gyloline Jlade o </ AY L ol e g
5 Sl 00l A wle < /OFA o5 2l (gl Gaiod
PR IOV SRV WPV < SRR RYA N B R V-
olize o[+ s 3 1sn g (53 diges S sl
‘M oy Cudn Cudle Jol> bl 1o 06
o5 OBy s g Sl alal) o genen LS
alul; 45 A (g ge (SKwod o po Jlke o
5 OIS 055 50 95290 oy e G Sawsie
318 392 Lo S (Slgp 59 9290 oy

95 O L e oo oy Zbale (o LLS
5 033! L DREAM Jao (o a8ly iy agzse
ao azgi L od oo oyl (Sod (o 0
gt 10 (5ylolae i 50 5 (Sieen (305l @l
Slgp s clile (gla st (o (5)lolae bLS)
oo olsl 1 (8ly (S g2 lge g (oS dllaie
L cpeizman (Py = +/A+#) cblai 55>5 DREAM
@loline o )0 5 (Ko (305l @l @ 4z g
oy e Ble lm aite s g ploline bl +/+0
DREAM Jo—s (bl o (os8l5 4p2lge 5 (9=

Iran Occupational health. 2019 (Oct-Nov);16(4):35-45.


https://ioh.iums.ac.ir/article-1-2495-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

pathway networks from human colorectal cancers,
adjacent mucosa, and stool. Cancer Metabol.
2016;4(1):11.

16. Roman D, Harvey C, Hutchison L, editors.
Hazardous substance restrictions: And why they
are restricted. Product Compliance Engineering
(ISPCE), 2017 IEEE Symposium on; 2017: IEEE.

17. Gutiérrez M, Mickus K, Camacho LM.
Abandoned PbZn mining wastes and their mobility
as proxy to toxicity: A review. Sci Total Environ.
2016;565:392-400.

18. Brown RW, Longoria T. Multiple risk factors for
lead poisoning in Hispanic sub-populations: A
review. J Immigrant Minor Health.
2010;12(5):715-25.

19. Steenland K, Barry V, Anttila A, Sallmén M,
McElvenny D, Todd A, et al. A cohort mortality
study of lead-exposed workers in the USA, Finland
and the UK. Occup Environ Med.
2017;74(11):785-91.

20. Alexander 1A, Ya MG, Yalwa MG, Alhassan AJ,
Nels RONNO, Nelson NO, et al. Determination of
Lead and some Parameters of Oxidative Stress in
Exhaust Fume in Relation to Age in Commercial
Tricyclists in Kano Municipal in Commercial
Tricyclists in Kano Municipal. CARD Int J Med
Sci Appl 2017.

21. Dehghan-Nasiri M, Golbabaii F, Koohpaii A,
Rahimi-Forooshani A, Shahtaheri S. Biological
and environmental monitoring of lead and
exposure in the automobile industry. Iran Occup
Health J. 2012;48(4).

22. ACGIH T, editor BElIs: threshold limit values for
chemical substances and physical agents.
Cincinnati: American Conference of Governmental
Industrial Hygienists; 2015: ACGIH.

23. Abdol-rahman Bahrami F, Ahmadzadeh M,
Asilian H, Allahyari T. Occupational exposure
limits: Occupational Health Research Center,
Tehran University of Medical Sciences; 2016:117.

24. Agyemang V. Blood Lead Levels and Selected
Haematological Parameters Among At Risk
Occupational Groups and Blood Donors in
Kenyasi, Brong Ahafo Region. university of ghana:
University Of Ghana; 2018.

25. Shahrabi J, Dorosti A. Study of blood lead levels,
hemoglobin & plasma ascorbic acid in a car
company welders. Iran Occup Health J. 2006.

26. Vermeulen R, Stewart P, Kromhout H. Dermal
exposure assessment in occupational epidemiologic
research. Scand J Work Environ Health. 2002:371-
85.

27. Brouwer D, Semple S, Marquart J, Cherrie J. A
dermal model for spray painters. Part I: subjective
exposure modelling of spray paint deposition. Ann
Occup Hyg. 2001;45(1):15-23.

28. Teschke K, Olshan A, Daniels J, De Roos A,
Parks C, Schulz M, et al. Occupational exposure
assessment in case—control studies: opportunities

Iran Occupational health. 2019 (Oct-Nov);16(4):35-45.

il e leial (S35 pade oKzl o cylos
6w Jds 4 o LS uasge BT 5l e
B335 o0 e Sloyd g S S &y (o sla

References

1. Carson BL. Toxicology Biological Monitoring of
Metals in Humans: 0. CRC Press: CRC Press;
2018.

2. Center EH, Institute ER. Guide for lead control at
work. University of Tehran: University of Tehran.
3. Sanaee G. Industrial Toxicology. 3th, editor.
Tehran University: Tehran University Press; 1992.
4. Kumarathilaka P, Seneweera S, Meharg A,

Bundschuh J. Arsenic speciation dynamics in
paddy rice soil-water environment: sources,
physico-chemical, and biological factors-a review.

Water Res. 2018;140:403-14.

5. Winder C, Stacey NH. Occupational toxicology:
CRC press; 2004.

6. Yavuz IH, Yavuz GO, Bilgili SG, Demir H, Demir
C. Assessment of heavy metal and trace element
levels in patients with telogen effluvium. Indian J
Dermatol. 2018;63(3)L:246.

7. Hasegawa K, Wurita A, Nozawa H, Yamagishi |,
Minakata K, Watanabe K, et al. Fatal zolpidem
poisoning due to its intravenous self-injection:
Postmortem distribution/redistribution of zolpidem
and its predominant metabolite zolpidem phenyl-4-
carboxylic acid in body fluids and solid tissues in
an autopsy case. Forens sci Int. 2018;290:111-20.

8. lkegami A, Takagi M, Fatmi Z, Kobayashi Y,
Ohtsu M, Cui X, et al. External lead contamination
of women's nails by surma in Pakistan: Is the
biomarker reliable? Environ Pollut. 2016;218:723-
7.

9. Malani PN. Harrison’s principles of internal
medicine. JAMA. 2012;308(17):1813-4.

10. Fonte R, Agosti A, Scafa F, Candura S. Anaemia
and abdominal pain due to occupational lead
poisoning. Haematologica. 2007;92(2):e13-e4.

11. Bi J, Fang M, Wang J, Xia S, Zhang Y, Zhang J,
et al. Near-infrared fluorescent probe for sensitive
detection of Pb (II) ions in living cells. Inorgan
Chim Acta. 2017;468:140-5.

12. Needleman H. Lead poisoning. Ann Rev Med.
2004;55:209-22.

13. Ye X, Wong O. Lead exposure, lead poisoning,
and lead regulatory standards in China, 1990-2005.
Regulatory Toxicol Pharmacol. 2006;46(2):157-62.

14. Lazarevi¢c V, Kistic I, Dimitrijevic M.
Toxicological analysis of ambient monitoring in
metal industry. Zastita Materijala. 2017;58(1):47-
54.

15. Brown DG, Rao S, Weir TL, O’Malia J, Bazan
M, Brown RJ, et al. Metabolomics and metabolic

¥F


https://ioh.iums.ac.ir/article-1-2495-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-26 ]

for  improvement.  Occup  Environ  Med.

2002;59(9):575-94.

29. Cherrie JW, Schneider T. Validation of a new
method for structured subjective assessment of past
concentrations. Ann Occup Hyg. 1999;43(4):235-
45,

30. Semple SE, Proud LA, Tannahill SN, Tindall
ME, Cherrie JW. A training exercise in
subjectively estimating inhalation exposures.
Scand J Work Environ Health. 2001:395-401.

31. Stewart PA, Lees PS, Correa A, Breysse P, Gail
M, Graubard B. Evaluation of three retrospective
exposure assessment methods. Ann Occup Hyg.
2003;47(5):399-411.

32. Abdel-Shafy HI, Mansour MS. A review on
polycyclic  aromatic  hydrocarbons:  source,
environmental impact, effect on human health and
remediation. Egypt J Petroleum. 2016;25(1):107-
23.

33. Thomas D, Stram D, Dwyer J. Exposure
measurement error: influence on exposure-disease
relationships and methods of correction. Ann Rev
Public Health. 1993;14(1):69-93.

34. Armstrong BG. Effect of measurement error on
epidemiological studies of environmental and
occupational exposures. Occup Environ Med.
1998;55(10):651-6.

35. Schneider T, Vermeulen R, Brouwer DH,
Cherrie JW, Kromhout H, Fogh CLJ. Conceptual
model for assessment of dermal exposure. Occup
Environ Med. 1999;56(11):765-73.

36. De Joode BVW, Van Hemmen JJ, Meijster T,
Major V, London L, Kromhout H. Reliability of a
semi-quantitative method for dermal exposure
assessment (DREAM). J Exposure Sci Environ
Epidemiol. 2005;15(1):111.

37. Safety NIfO, Health. Method 7082. NIOSH
Manual of Analytical Methods,: US Department of
Health and Human Services, Public Health Service,
Centers; 1994.

38. Eller P, Cassinelli M. Lead in blood and urine.
Method 8003. NIOSH manual of analytical
methods. 1984:8001-3.

39.Rahimi-Froushani A, Golbabaei F, Khadem M,
Shahtaheri S. Purification and concentration of
lead samples in biological monitoring of
occupational exposures. Iran Occup Health J.
2006;3(1):28-36.

40. Van-Wendel-De-Joode B, Brouwer DH,
Vermeulen R, Van Hemmen JJ, Heederik D,
Kromhout H. DREAM: a method for semi-
quantitative dermal exposure assessment. Ann
Occup Hyg. 2003;47(1):71-87.

41. Aminipour M, Barkhordari A, Ehrampoush M,
Hakimian A. Blood lead levels in workers at
Kooshk lead and zinc mine. SSU J. 2008;16(2):24-
30.

42. Fairbrother A, Wenstel R, Sappington K, Wood
W. Framework for metals risk assessment.
Ecotoxicol Environ Safe. 2007;68(2):147-2288.

43. Cortez-Lugo M, Riojas-Rodriguez H, Moreno-
Macias H, Montes S, Rodriguez-Agudelo Y,
Hernandez-Bonilla D, et al. Evaluation of the
effect of an environmental management program
on exposure to manganese in a mining zone in
Mexico. Neurotoxicology. 2018;64:142-51.

I[ran Occupational health. 2019 (Oct-Nov);16(4):35-45. Fo


https://ioh.iums.ac.ir/article-1-2495-en.html
http://www.tcpdf.org

