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Abstract

Background and Objectives: The health of sand washing workers could be threatened by the crystalline silica dust
exposure. The aim of this study was the evaluation of occupational and biological monitoring with crystalline silica

dusts in the sand washing workers.

Materials and Methods: This was an analytical and cross-sectional study of 44 sand washing workers exposed
to crystalline silica and also 63 municipality gardeners as a control group in the city of Dorood. Occupational
exposure monitoring to respirable total dust and silica dust was performed according to the National Institute for
Occupational Safety and Health (NIOSH) methods 0600 and 7602-respectively. Biological monitoring of workers'
was carried out according to the Karatas method for the analysis of Malondialdehyde in the blood serum of exposed
and control subjects. The informed consents were taken for obtaining blood samples of workers, according to the
Helsinki Declaration. Statistical analysis of data was done using SPSS version 16. The statistical test of Pearson,

t-tests and linear regression was applied.

Results: The occupational exposure of 54.55% was exceeded the occupational exposure limit of Iran at the level
of 3 mg/m3. The mean exposure of sand miners and control group to respirable silica dust was evaluated at 0.219 +
0.177 and 0.010 + 0.002 as mg/m3respectively. Occupational exposure of all sand washing workers was higher than
the occupational exposure limit of Iran at the level of 0.025 mg/m3.The concentration of serum Malondialdehyde

(MDA) exposed group and the control group were 36.64 + 10.75 and 19.40 = 4.68 as uM respectively.

Conclusion: Due to the positive correlation between exposure of sand washing workers to silica dust sand serum
MDA among exposed group(P-value<0.0001, r=0.881), periodical biological monitoring along with effective

control measures of workers are recommended for the health promotion of these workers.

Keywords: Occupational Exposure, Biological monitoring, Respirable Silica, Sand Washing Workers,
Malondialdehde

How to cite this article:

Parsaseresht GR, Rezazadeh-Azari M, Zendehdel R, Hashemi-Nazari SS, Tavakol E. Evaluation of Occupational
Exposure and Biological Monitoring of Sand Washing Workers Exposed to Silica Dusts. J Saf Promot Inj Prev.
2016;4(3):135-42.

*Corresponding Author: mrazari@sbmu.ac.ir


m.iranfar
Text Box
Faculty of Health, Shahid Beheshti University of Medical Science, Tehran, Iran.



L Caogauan 3l (g Sy 9 (sl W, alxo
VEY B ¥OGIrin O¥AD 5l ¥ oles Foyes

‘suw&"’ 9y Ao

Flow 55 b L 90 )5 b (090 dwolo (41,5515 (ST Tedgm il 9 (Ardh aplgo (slelb )y

VIS aadl ) g ol o s ) JS0uS (yledy e 3T 081505 5 yguaie () i puslin sl L pedlE

Olnl ol st s Sloyo adilagy Sleas (Sip pale olRasls cciblage oaSzils )
Ol eols st s Sloyo adilage Sleas  (Sig pole olRasls cabilags ouSiils daciwgaans 5l (g Kiy 9 sl W)l Slados 350 .Y

LRV

ol Bas 0,8 18 s 5oee 10 s Lo SL Jrd agzlae o 4 Wlgh o e dle Caio 1,515 el 1B g sl
g1 (Jla 5 el JLeg0 SL 29 anle 1S (Sofslom b g (Jid aglye (2led)l anlllae

59 2o anwle SIS Jolds ol b agzlge 115 05,5 55 aslllans ;g0 ol 3l 0gy (Llod oahaie 5 5l aslllas (nl i oy 2 (95
905 4 LSS (ol agzlse gy a3 Y slaad ay ()10 0 e sLAS 1S ST el (Gald) agrlse igos 5 a5 FF slaws 4y o,
s ol 15 pol 598 o Lid (ol g cedlage (o (Lol VP ¥ g o P 0o (gl iy el a5y (ol (IS )L 90,579 (ondiS s
a5 plal WL (g, el g 55 a2l 5 agrlse 09,5 G5, (55 e aill g0 pglle clle Llisansos sl (Safslee ol
53l 5 U Lnools s Lol Jlowiga 35 - plosi] Sl a3l caalllans o 515 3 cbblyo ol 1 LSS g5 (610 pines

s el (s (5,85 5 Sl (e 55lel Sl 9 V7 4 SPSS

eSilee g o Ymgim' ol 5o oo s o Jalislas 5l cwas S5 Legs SU o ad dnle Ql;)Lf)‘IZ(W/&A s aglge (dadly
SIVNAE AV /o N oo oo YMEM' (5 5 s il )15 el A gl (ot ks JLesd L aalls g agzlon 09,5 )55 agzlse
Olle clale e ol oaud yiies <[+ YOMEM' ol )5 odd s o bl a5l oad dwle )55 dsn il dplge 0 Syl

A dwle (Vg0 5o o YEIFFEN VAN T EF/FA 5 5 0 sl g agzlge 09,5 o131 95 o wadall 6o

awle S5 555 o 9l (60 e b (puniis ks JLe50 5 (ST G (s)lel Jloime e (Siaad 4 25 L 15 oS st
Sy n dogs S Cdls gl ]y S Slelal b ol e (glo s (So3eem il (P-value< /e« Vo =1 /AAY) Lol

055 oy 5] (68 olle i nliw L9 5 Ssoden (b (i (b (st anle iS5 5lg

rloas Conid Glnl jo b b (090 ke (515 agzlge 5550 doddo
adlas @ Q‘95g5‘° Lmsw))g w‘ ozl sl 00gs S &’L“‘"
‘Olid.w 9 L;).ST Oladlas o .é; o)LCl’.al (/\)ub..xw 9 (V)‘_g)fbi

9 YAy mE/m’ (S5 A kw4 w5 awle 515 ag>lge

Oy gy 50 4 Cenl (65l 5 DS 5 g2 (Il ) Gl
oole 1l (F-V)o s dezg dwle 5 i o LS > n dex

Sraasiin Hlesle (Vo) pl s slos Jastislas | e, mg/m”
T Q B Y IV IL TN [ e JEREIR KV A
3 &S 0gi oo sl jo salisie las o cge (Jbws S
ol 905 O N Vel 4y Gl oo g o s95erkns T 5ot
ilizee (ol Kaghy alwgts dule 5 (o Canio L) )0 (s lows

Y. American Conference of Governmental Industrial
Hygienists

Jelse V05,5 pliear 'l liios Mollin Guils] g
ezl ol 5o D)l sabgonaib Gl gly 1ol
Hgie o5 3l 3975 s 298 anls glio o) ol
o allle 38 el JLésa S L LSS i gzlye el

\ (IARC)

mrazari@sbmu.ac.ir:olslse Jyims oo g w,ol*



me OB (Sidgm b g (Jib 44xlse Sl

L Caogiuan 3l (g iy 9 (Soul W, Alxo [VYF

VY (6, paiges (20 b 1S ol el BIOS Juw Jlizws elo
Sughb, g l9a jLid 5 5 St slales ol plowl adds » 1]
cle el giscush; 3 g i iasles S ool b e
Syl 9 0 0l el YO HD Joe Jlass g Llad & LSl
Sostizes Jsb 3 el i ey Jolys & S Solu
IV 69l b kS syl paiges aeSle Sl am ol (6 S el
orSles g oo (39 ,b dw Ll csLe Sartorius Jos o5 Lo
Slgp oz @ azg b A5 JLege S oST anle sl bag)]
sl g Sdlage (o losle <o g,y elal 2 g (61 peiges
b s )5 Gl 3G Gl 0,5 ailre 1S ,0] (o
5l plas S ol (i a5 ceblage (o plosls VPV g,
b (el g Sdlage (o plajl 2700 by, Gl (61 peiges
(ol 5 9)90 OS5 Wiged 5 il g 5 00,5 ol S, o
oS Yoo 53,5 LAl S s els L i S 0
axyo P Gles Cod Cell ¥ Bae 4055 50 ilegp pully
9 0RB0SeR 139 s D (Ko (39l ;5 g ol ol S il
O Jae aado ) G a Julh e Ve Jlidcss oy oK
O ygods oadoslel (sladised wu0,8 o Lo VY Sl b la 03
(Y0) (Lo § IS bamgs Y7+ ¥ osdaicgs () bl 2 (28
38 e &3l WQF- AS510 Jow FT-IR o&Ktws 5l solaiw! b
asls o bdiged ;0 39250 b S ek Cdo g 0l ools

(V) S8 00,5 (65 05ll 2 ge dae YYV-AYD

Abs 0.3200 -
0.3000 -
0.2800-
0.2600 -
0.2400 -
0.2200-
0.2000-
0.1800-

0.1600 -

850.00 800.00 750.00 700.00 650.00 WN

(cm™) g0 00e

byl buxo (glgp diged ;0 (Sl )5 dw Gz siuled (1 S5
FTIR geawcinb olSiws

50 oBislej] Laastie Jiwp g sl p dawg 95 diges addllae ool o
P 2D 48,5 2 e O ladie ay 4ty 5o, 50 )15 Sl b
gl ST 5leg,S olws Lwgi 5 WBLE (g ek (95 ladises

0. Negretti
. EXTECH

(b g lem JyS jshieay (VY )l oas 5158
SrSeslail) 68,8 Lol g0t G dad agxlge ol
ol o) (Soiolom il g (il l9p p3 0anVT (lies
oz 3l Jels olberign slossss b g codalne « OloS
g QT Co e g s> Lst.t-*i’j)‘ 30 (0% 50 euS F Soeliugw
oSl gSeslal 2l sl o (V0 YAl cuwnl PS>
Sy slopadle 1 (SO Glyiedr 93 e jouSdll g glle
o JLeg0 5 a4 (Jad apzlse b ()55 (So3elsn (ol sl
lge gy addllas ol 5l B [ .(VA-TY) el oas 3158
b Jlas S b Sl g0 T b 098 anle o ol 515 Lol
REPLLCSU SRR IOPEPSWRW AV RSO PR gk JEIR 23IRY

L sig) 9 dlge

9% alo ol )N (55 (59, 2 (Ll - (oalatie aslllas
walllas cnl )3 OIS 999 Lyl ol pll g, 99 biw e
s sl loms 4kl e 5 IS ailes Jlo o5y Jolas oyl
O ygods o] olaws Cosgame blod 4y ogd dawle o515 g
oaialy o 515 it bl anlllas ol gl i FF (g kot ples
oal)y ;09) oaidly (3 p Hglnl W pmg BB SHIS Lk 095 F s
09,5 wbly JUdl 935 Jorums 5 (g5l g laslas (o preS
Gyl o gL LTI 51 5leds plas & jpoa 5 wals
b (a8 e JLe90,5 L Jlad agrlye (g 05, 59 545
Sl s e LS5 L aaly0 5 Slges prbaes «pms slis Lyl
Y slaws 4 dedelisis o saddll ) Sledbl bl 5 asllas oyl
w5890 09,5 0,51 Sl S5 4 p3Y iad a8 5 ks s 54
Sl paiges 3gr 0ud LSS () € 9 (5,5 S18
laoojleds & (Bg) 90 bl 32095 93,0 OIS (iS5 sloa
& Sl (Jad el 5 catlage o plal 51 e e 5 VEY
S k90 5 S bew Sl b paised Cuzr i S
ciblse bl 5 OIS 53 6l piged (V) wys )5 plox]

(VF) ad plol (S ail 3ok casdllans 50 5 (oS
5 i (Gl )5 e JLe90,5 ln 50 paises ey
D ad S ks allyy) SIS pls cels A5 Légs S
Mixed ;:Ls SKC' o8 o el Ssbb oelSesl (5,10 paiges
il 9,5 /A plo e b 550 Lo Cellulose Esteryo
S i I XREF-YYE Jow (69,8 (5,10 paiges o 9 SKC 5,
i 5115 51 oliiasl L cay ygmnl 1S 5 enlizz SKC

Y. National Institute for Occupational Safety and Health
(NIOSH)

¥. SKC



\‘"V/d‘)&o@ 9 w).wLa.u)b L«é).o)l.é

A jwly X o leds . Foyg0

[F

e

CobmcelEy e

TTTTTTT T TTTTT
opbob LD L I I ED OSE 4D W D b

Fabmbia Tins Imuc]

Jal S 05T 63 (yslle LT sl HPLC 6l S gilog 5 (¥ JsCio
Conl 25T (65 (ygllo &y g1 0 095 Sy 9 S )1 5y sl &y bgy 5o

laasisly

Syge yd walh g agzlge 09,5 g OS5 SIS g0 Dlatie
bed)s 8 Jeodan o8 o590 ol Jlasitul 5 )15 ailes oo
Cd S g3l 5l B 00 sl el b sneliawady gl 4y axgi
0033 09,5 99y 0ol 6l yial il 5550 10 (g5lel o Sxe Dglis

(V) Jgo (P-value=-/\Y¥) ois

56 (¥#)ass 51 IF7T000HITACHI:D- Jos Yoglhan o Shee |
S b 5 GBS lag,S ohag) Jglia L8O 5l g, ol 0 S e
(LT S o 08 18) (39,08 (63 Sland Y0 3L 5 (Ll 5 e
ham og5 Gladiged prw w35 axs Voo (oo T &gy
WA et il B e g0 y0 4l Ve glp (gilwoslel = e
VO (98Il gl (950 s yidg Sioe B0 ke ooy Sioly (s
VO* 5 S5 sl s Sn YO+ ST b ai, sl s
s Lol GeSIl g Sl 4 0ds 60 kie O s S
Orer g0 0 daado Ve gly S8 slaalg) 5l slas ,o Iom
Olee 4 oadionds yule Jolore il s 50l S9ndy Ul
WA st 4 e gale 55l ,S olSis o il 5,5 T
58 oo oledas b (LT csle Macherey-Nagel  Joe)C
f ol jsle ;ST Lasg g 4880 ) (oo ) (l5ee p0 S e
oS 5les S50 gl Ko b3 G0, riasls TOF ganfsb 3
29 ol S pal 4 Lo mle (315 sileg S olSiss
zo> ool aSal o el 4y by e pgd Sy g adBs YV
S38le s sl osls (g Lol 3BT (6l (V) S ol o0y ag B0 Y/#-
O3S 5 5 S (5 gy )bl sogejl 5 1# a5 SPSS
05l S Gl 5o lel lo g ghaw g b oolitul o

RWAPVEIU YRR WSS

JFSS g a4rlge 09,5 90 (S5 9090 Wlastine dulio a3 by po sldools (1 Jgus

OB Jlaxiwl .
52 J (Jls) 8 il (JL) oy

F% F XTI S

o VES . ves | Mn SD Mx | Md M Mn SD | Mx M Md
| -
Of/6 | Folo vf Y- \ Y YIYa A AAD Y NG N Yo Y2IvY d:‘::;f
FVRC|YAN | oY e \ YEOLVeNY | |y | oYY OA | e | YA | YAA- ::l‘: "T’s
= Ay

B oke9d S bosald g axzlse 098 OIS agle (ke
o5 s oy YIYYEN - DAIVA [+ 8F 55 4y (oS
OS5 alse (SKile 0 (5,508 (MEG/M?) xSt
Jot S b JL293,5 L aslllas (poald g agrlge 095 99
S s ey IYVRE [ VYN o[ Y L o5y

(V) Jgo ol s pSoslasl MEM') CaSeo yio

M = oSk
Md = «ilws

SD = s lastewl &yl
MX = oSk
Mn = o

F= g,

Fl = gl 0oy

V. High-Performance Liquid Chromatography(HPLC)
A. Ultraviolet
1. HCLO,



me OB (Sidgm b g (Jib 44xlse Sl

Lb%.ngm )‘| ‘sja.iwg‘sﬁwl 6&3‘)|4130/\YA

Jrss g 4'@'?'9"’ °5)§ 99 (o o

19 JS (oS HLE90,5 o515 4 bgrpo glaools (Y Jgur

S el 93 5 oS5 JS (ot Lo S oS5
(sosSayio 52 p)S o) (cSorto 2 £)5 shee) Ban 09,5
Mn Mx M SD Mn Mx M SD
lgo 09,5
SeYY | VA | VY | ema VY- 514 VIOA YIYY ezl 09
F¥= sluss
Jo oA Y oY [ \oF JIFYY IRy YA 2ald 05,5
Y = slaw
S SLesn S 6515 e g (Swed 5 )lel yaes] wlol 0 M= Sl
Gl o e Ctte Ko 4g>lg0 09,5 10 (cwdS s g SD = s lastes] &l il
as03) Omimmen (P-value< /e« oy gr= +/VOY) ols 54>y MX = oSk
by G o pxiegs (nl 45 o903 03U 1, (LS Akl 55 eSO MNT et

Jhegs S 50 Gl axly Sose sl 4 g wile pal (o938 cuie
) JS.» \.\.:bu_a wl).é‘ Y u...J..,..; \.\>‘9 ‘/’/\f‘JS Y

Sio2

O Observed

0800 o — Linear

0,600 ®©

04007

0.200

0.000 T T T T T T
1.000 2000 3.000 4.000 5.000 6000 7.000

Respirable.Dust

S s 9 (oS (A HLE 90,5 o (s ally (Y S

L5355 15155 et LI gy (Somod )b 905 32k
prosall g0 polle Clile b agzlye 098 o i S
I= IVE) og Jlogime bl Cude (Sion I (55
LU, g (et (505 el 5 (P-value<: /.«
prs S5l (60 olle Cle 5 (ki el L8535 ST
232 Jfosime )bl Cute (Stran Slo 5 agzlye 055 (55
clale o O s gl (P-value<e /-« ) = <JAAY)
033 51 A 09,5 b agzlse 09,8 (55 p sl g0 glle
ol Ll GYEST l 8l i s o5 0 oolial a5

i Sygeyl ol 5 (P-value< /s o) el s e

4zlse 05,8 (55 pyme aAll (60 (elle lale (5 Sils (rizren
Noag,Sae VEEFEV-NANDEETFA sy & wals o
P 35T (60 yglle cale Sk ulusl ol 40 (5 S0l
@ GBVH) wald 5 (a5 Y+) agrlye 09,5 99 )8 (6, 3l 31 (9>
oy e 4y 5 Yg0s,Ses FAASEY < [YYAA/ VEEAY (o 5
azl5e 05,5 (6,8 o O3l 55 oy 95T (83 (e (eSike
YYIYSEUNVY A RYIVO o 5 45 55 i ¥ amlis 5 (i YE)

(V) Jgoz 08 (5503l Vg ,S0a

9 44150 09,5 39 3l (60 (JLcdile & by po glrosls (Y Jour
Jrs

09 o 3341 (00 opglle clale
(3Y509,5)

TS bs)f

Mn Mx SD M
YO/0f

OFIAF YV +IYA FV/AR (5 Y+) dgalse 05,5 5 Kms 3131

VA/AY

FADY e YYIYS (55 YY) dgalse 05,5 6 S pui ol

(58 ¥F) agaye 09,5 S
(58 ¥¥) 20l 05,5 {50 313

VUAY asing V.ivo vsise

VONY vy gAY vy

VYTE (3K ¥2) 1l 09,5 (5K o 3

YY/AA YV \YVIA-

WY vovy esA vas (8 77) 2l 09,5 J5

M= .St
SD = s lasliwt Gl il



\‘"‘l/d')l&o@ 9 w)mhv)b Lé)ua)Lé

A jwly X o leds . Foyg0

L OB aelye ol Slsioe (69,8 <bla> Lilus 51 ol,518

(Vo )aas als glabasdMe BB b |y wdw
ol ©pganallas (pl 29 anle (LTS (Sigdsn b
S50 2 s addlle ) i il 53 e a0
WIS 515 e o) anlllae 5 (YY), 45k, canior 5,55
Sy 5ol 0ad s b0l agzlae Jennily LOYY)lars
b jioldl g B Bras o b udaze Oldllae S0
Ol ) 658 58 ST ol 5o 95 oy a3l 50 s
w>lge Soiodem Ol Cuenl 4 azg LI (VYT )ans o
Olon B Bdo (rizmen g (b 5 ko 890 S (Jid
o Lol 055050 oz gl 55 (y9e3] 5 0atiS (hgazee Jale
P Loead ol oI T8 s oLis | adlas cpl o oed dule
ol )l cel Wlgi e (( Suigdsn b Ol 85 Lk

0gd BT (i gzl J 7S i ez g i
aole 50 (Siglsm (Rl 950 50 addllae (sl GeiS
ssbr el (Jlwn S ko L2905 L Sguzme aplse b (290
ol oS5 g pSoslail Jewily sams lid axdllas cpl LS
S sleagzlss sl S les Olsie 4 053 prm waal g0
el olaws Cgsgams o8, e il o ey S udews b
Sglsm Ol de) 50 (Fenl Pl @l S sl cnl s
Gtz ol Gladse (Ol Jlexwl SISl e 5 158
o Sl o 1) 6ye8 anle SIS 5l il o)

‘SJ‘Q)JS 5 : & oo
w08 ol lS sl bl oSy 51 a8 S s aslllas oy
5 ipel Shed 5l Abwgnas 5 Cul (gld,m Cilagy (g

L o)j).t U"‘ GILA )L».&‘ u.,.,ol.v ) > w‘..\.@‘.: IRCSRRY ;......b 5).3
05 oo 6 Faskens <Y VYT Y ol 15 0 ey

chle boagzlye 098 50 ol Gras pae s K Jloainl
Cuils sgzy Jlodime sylel Dol g5 gy wsal oo glle
s o L3l S Gy s bl | (P-value=+/- - Y
0593) Beb (53 e 95T (g0 (plle ke b S 0y )8 50
bl P-value=-+/+ - V) o oas Yo sme s s kel
S g5 o a5l g0 plle Cle oy bL3 | (95l (een
S b S immen g dald 09,5 b agzlge 095 (5,5
Syl LUl )50 93 0 50 45wl awglie 09 93 2
Caws 4 (P-value< /c+ 1) 5,50 95 ;0 slp g 09 o xe
Jedgo S 15 (slaygiSh 5l o e 5l byl pslaieds el
055 e Sl (60 (pglle B (59 1 ) g (oS o
Bl g S5 g el (s (g S5 905] 44210 09,5
aly G 5 il 4 caglge 09,5 )3 o 0aiiS gatie piiie il
DYIVS s asll g0 lle Slali ke koo oST5 55 il
wzlye 095 10 o F1Bde 5 JuS bslioe RPN 02l
cble jlade gualew o515 50 (IR oty o e il 4 ool
ol s sl e il ooy FUDY oy 0l g0 sl
05> e Wl 60 pglle e (2l g Wl e ey

39 aglge 09,5

& >~
.

ey celagy (9o Grmaigs plojls lre dibisl v 4y 4z g,
B Lege S slp plpl (hid uled sl 0ga> (izenglS, ol
L s5d ale 0,55 apzlge (eSilee YME/MT G0 50 i
wzlse lol () 4ol e v ) iy (eiis 5 JLege 5
Slaliel o> 5l ses awle oS 5 (LOF/B0) i Y go,8
B Le9n 5 b addllae ul LS agrlge ol d oadss
O o5 ltalllans 50 1S aezlge 5l A Sl ot (oS
JhE93 S lyiedy (oudis (IS JLegd 5 s Bk (YY)
eSle ol 2 5 00,0 S5l a8 55,158 5 T LI g0,
ol G5 Lésn,F 0 snelcewsty iy S esbs (g0, 10
Lol poduoms wlg oo (oad dwle o, )15 O canfllas
ey ublagy (oo emiiges Glojls slre allinl v 4y 4z g3
MM’ o5 53 Glpl (s olod slre S99 (rizmen 5 1S5 5]
o laslinl a3l i aglge sl e anle 515 dene /- YO
OISO azlee (S jek anilge (Jlw S ks )Lego ST
OBl i olier (S G b 39, 50 (258 anle
s gmls cesl(Y) gm0l 5 (TA)sl ililllas 4o 555
oolitil 5 wiige JyuS sl by, Sgege a5 ol Hlis WhisaSe



me OB (Sidgm b g (Jib 44xlse Sl

L Copguuan I (g iy 9 (ol Ul alxo /1P

References

1. Estellita L, Santos A, Anjos RMd, Yoshimura EM, Velasco
H, Da Silva A, et al. Analysis and Risk Estimates to Workers
of Brazilian Granitic Industries and Sandblasters Exposed
to Respirable Crystalline Silica and Natural Radionuclides.
Radiation Measurements. 2010;45(2):196-203.[Scopus

2. Gémez-Puerta JA, Gedmintas L, Costenbader KH. The
Association between Silica Exposure and Development of
ANCA-Associated Vasculitis: Systematic Review and Meta-
Analysis. Autoimmunity Reviews. 2013;12(12):1129-35.
[PubMed]

3. NaghadehiMZ, Sereshki F, Mohammadi F. Pathological
Study of the Prevalence of Silicosis among Coal Miners in
Iran: A Case History. Atmospheric Environment. 2014;83:1-
5. [Scopus]

4. Greenberg MI, Waksman J, Curtis J. Silicosis: A Rreview.
Dis Mon. 2007;53(8):394-416. [PubMed]

5. Vida S, Pintos J, Parent M-E, Lavoué J, Siemiatycki J.
Occupational Exposure to Silica and Lung Cancer: Pooled
Analysis of Two Case-Control Studies in Montreal, Canada.
Cancer Epidemiol Biomarkers Prev. 2010;19(6):1602-11.
[PubMed]

6. Bruch J, RehnS, Rehn B, Borm PJ, Fubini B. Variation of
Biological Responses to Different Respirable Quartz Flours
Determined by a Vector Model. Int J Hyg Environ Health.
2004;207(3):203-16. [PubMed]

7. Azari MR, Rokni M, Salehpour S, MehrabiY, Jafari MJ,
Moaddeli AN, et al. Risk Assessment of Workers Exposed
to Crystalline Silica Aerosols in the East Zone of Tehran.

Tanaffos. 2009;8(3):43-50. [Scopus]

8. Mohammadyan M, Rokni M, Yosefinejad R. Occupational
Exposure to Respirable Crystalline Silica Inthe Iranian
Mazandaran Province Industry Workers. Archives of

Industrial Hygiene and Toxicology. 2013;64(1):139-43.

9. Iran Occupational Exposure Limit. Ministry of Health and
Medical Education,Health Center and Workplace Iran. 2012

(http://markazsalamat.behdasht.gov.ir).

10. ACGIH. Threshold Limit Values for Chemical Substances
in the Work Environment. 2016 (www.ACGIH.org).

11. Bang KM, Mazurek JM, Wood JM, White GE, Hendricks
SA, Weston A. Silicosis Mortality Trends and New Exposures
to Respirable Crystalline Silica—United States, 2001-2010.
MMWR Morb Mortal Wkly Rep. 2015;64(5):117-20.

[PubMed]

12. Pérez-Alonso A, Cérdoba-Dofia JA, Millares-Lorenzo
JL, Figueroa-Murillo E, Garcia-Vadillo C, Romero-Morillo
J. Outbreak of Silicosis in Spanish Quartz Conglomerate

Workers. Int J Occup Environ Health. 2014;20(1):26-32.

[PubMed]

13. Steenland K, Sanderson W. Lung Cancer Among
Industrial Sand Workers Exposed To Crystalline Silica. Am
J Epidemiol. 2001;153(7):695-703. [PubMed]

14. Brown T, Rushton L. Mortality in the UK Industrial
Silica Sand Industry: 2. A Retrospective Cohort Study.
Occup Environ Med. 2005;62(7):446-52. [PubMed]

15.Lee JS, Shin JH, Hwang JH, Baek JE, Choi BS.
Malondialdehyde and 3-Nitrotyrosine in Exhaled Breath
Condensate in Retired Elderly Coal Miners with Chronic
Saf Health Work.

Obstructive Pulmonary Disease.

2014;5(2):91-6. [PubMed]

16.Corradi M, Gergelova P, Mutti A. Use of Exhaled Breath
Condensate to Investigate Occupational Lung Diseases. Curr

Opin Allergy Clin Immunol. 2010;10(2):93-8. [PubMed]

17. Pandey JK, Agarwal D. Biomarkers: A Potential
Prognostic Tool for Silicosis. Indian J Occup Environ Med.

2012;16(3):101-7. [PubMed]

18.Ghosh RK, Ray DP, Reddy DD. Biomarkers: A Tool
for Monitoring Pesticide Pollution. International Journal of

Bioresource Science. 2015;2(2):111-28.

19. Azari MR, Ramazani B, Mosavian MA, Movahadi M,


https://www.scopus.com/record/display.uri?eid=2-s2.0-77949773166&origin=resultslist&sort=plf-f&src=s&st1=Analysis+and+risk+estimates+to+workers+of+Brazilian+granitic+industries+and+sandblasters+exposed+to+respirable+crystalline+silica+and+natural+radionuclide
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+association+between+silica+exposure+and+development+of+ANCA-associated+vasculitis%3A+systematic+review+and+meta-analysis
https://www.scopus.com/record/display.uri?eid=2-s2.0-84888028539&origin=resultslist&sort=plf-f&src=s&st1=Pathological+study+of+the+prevalence+of+silicosis+among+coal+miners+in+Iran%3a+A+case+history&st2=&sid=6E7FEBCDDA71974279B573D19973CB04.wsnAw8kcdt7IPYLO0V48gA%3a4430&sot=b&sdt=b&sl=106&s=TITLE-ABS-KEY%28Pathological+study+of+the+prevalence+of+silicosis+among+coal+miners+in+Iran%3a+A+case+history%29&relpos=0&citeCnt=2&searchTerm=
https://www.ncbi.nlm.nih.gov/pubmed/17976433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Occupational+exposure+to+silica+and+lung+cancer%3A+pooled+analysis+of+two+case-control+studies+in+Montreal%2C+Canada
https://www.ncbi.nlm.nih.gov/pubmed/?term=Variation+of+biological+responses+to+different+respirable+quartz+flours+determined+by+a+vector+model
https://www.scopus.com/record/display.uri?eid=2-s2.0-77953474727&origin=resultslist&sort=plf-f&src=s&st1=Risk+assessment+of+workers+exposed+to+crystalline+silica+aerosols+in+the+east+zone+of+Tehran&st2=&sid=6E7FEBCDDA71974279B573D19973CB04.wsnAw8kcdt7IPYLO0V48gA%3a4550&sot=b&sdt=b&sl=107&s=TITLE-ABS-KEY%28Risk+assessment+of+workers+exposed+to+crystalline+silica+aerosols+in+the+east+zone+of+Tehran%29&relpos=0&citeCnt=7&searchTerm=
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silicosis+mortality+trends+and+new+exposures+to+respirable+crystalline+silica%E2%80%94United+States%2C+2001%E2%80%932010
http://www.acgih.org)/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Outbreak+of+silicosis+in+Spanish+quartz+conglomerate+workers
https://www.ncbi.nlm.nih.gov/pubmed/11282798
https://www.ncbi.nlm.nih.gov/pubmed/15961620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malondialdehyde+and+3-nitrotyrosine+in+exhaled+breath+condensate+in+retired+elderly+coal+miners+with+chronic+obstructive+pulmonary+disease.+Safety+and+health+at+work
https://www.ncbi.nlm.nih.gov/pubmed/19996962
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biomarkers%3A+A+potential+prognostic+tool+for+silicosis

\f\/d')l&o.bg w)mu)b Lé)ua)Lé

A jwly X o leds . Foyg0

Salehpour S. Serum Malondialdehyde and Urinary Neopterin
Levels in Glass Sandblasters Exposed to Crystalline Silica
Aerosols. International Journal of Occupational Hygiene.

2011;3(1):29-32.

20.Rongming M, ZhonghuaF, Yingyi Z. Clinical Significance
of Nitric Oxide and Methane Dicarboxylic Aldehyde (MDA)
Levels in Induced Sputum of Silicosis Sufferers. Chinese

Journal of Convalescent Medicine. 2014;10:005.

21. He J-L, Zhang J-W, Lv G-C, Zhao Y, Hong X-P. Study
on the Serum Oxidative Stress Status in Silicosis Patients.
African Journal of Biotechnology. 2011;10(51):10504-8.
[Scopus]

22. Liu H-H, Lin M-H, Liu P-C, Chan C-I, Chen H-L. Health
Risk Assessment by Measuring Plasma Malondialdehyde
(MDA), Urinary 8-Hydroxydeoxyguanosine (8-OH-Dg)
and DNA Strand Breakage Following Metal Exposure in
Foundry Workers. J Hazard Mater. 2009;170(2):699-704.
[PubMed]

23. National Institute of Occupational Safety and Health.
Index of Chemical Names, Synonyms and Trade Names.

2016 (https://www.cdec.gov/niosh/npg/npgsyn-a.html).

24 Association WM. Declaration of Helsinki. Ethical
Principles for Medical Research Involving Human Subjects.

http://www wma net/e/policy/b3 htm. October 2013.

25.Tavakol E, Azari MR, Salehpour S, Khodakarim S.
Determination of Construction Workers” Exposure to
Respirable Crystalline Silica and Respirable Dust. J Saf
Promot Inj Prev. 2016;3(4):263-70.

26. Karatas F, Karatepe M, Baysar A. Determination of Free
Malondialdehyde in Human Serum by High-Performance
Liquid Chromatography. Anal Biochem. 2002;311(1):76-9.
[PubMed]

27.Park R, Rice F, Stayner L, Smith R, Gilbert S, Checkoway
H. Exposure to Crystalline Silica, Silicosis, and Lung
Disease other than Cancer in Diatomaceous Earth Industry

Workers: A Quantitative Risk Assessment. Occup Environ

Med. 2002;59(1):36-43.[PubMed]

28. Hughes J, Weill H, Rando R, Shi R, McDonald A,
McDonald J. Cohort Mortality Study of North American
Industrial Sand Workers. II. Case-Referent Analysis of
Lung Cancer And Silicosis Deaths. Ann Occup Hyg.
2001;45(3):201-7.[PubMed]

29. Sanderson WT, Steenland K, Deddens JA. Historical
Respirable Quartz Exposures of Industrial Sand Workers:
1946-1996. Am J Ind Med. 2000;38(4):389-98.[PubMed]

30. Mcdonald JC, Mcdonald AD, Hughes JM, Rando
RJ, Weill H. Mortality from Lung and Kidney Disease in
a Cohort of North American Industrial Sand Workers: An
Update. Ann Occup Hyg. 2005;49(5):367-73. [PubMed]

31. Orman A, Kahraman A, Cakar H, Ellidokuz H, Serteser
M. Plasma Malondialdehyde and Erythrocyte Glutathione
Levels in Workers with Cement Dust-Exposure Silicosis.

Toxicology. 2005;207(1):15-20. [PubMed]

32. Lykkesfeldt J. Malondialdehyde as Biomarker of
oxidative Damage to Lipids Caused by Smoking. Clin Chim
Acta. 2007;380(1):50-8. [PubMed]

33. Zhang J, Lv G, Yao J, Hong X. Assessment of Serum
Antioxidant Status in Patients with Silicosis. J Int Med Res.

2010;38(3):884-9. [PubMed]

34. Nielsen F, Mikkelsen BB, Nielsen JB, Andersen HR,
Grandjean P. Plasma Malondialdehyde as Biomarker for
Oxidative Stress: Reference Interval and Effects of Life-

Style Factors. Clin Chem. 1997;43(7):1209-14. [PubMed]


https://www.scopus.com/record/display.uri?eid=2-s2.0-80052688911&origin=resultslist&sort=plf-f&src=s&st1=Study+on+the+serum+oxidative+stress+status+in+silicosis+patients&st2=&sid=F4B8147BEF7C4EF0C17C179CDFAB2A04.wsnAw8kcdt7IPYLO0V48gA%3a10&sot=b&sdt=b&sl=79&s=TITLE-ABS-KEY%28Study+on+the+serum+oxidative+stress+status+in+silicosis+patients%29&relpos=1&citeCnt=0&searchTerm=
https://www.ncbi.nlm.nih.gov/pubmed/?term=Health+risk+assessment+by+measuring+plasma+malondialdehyde+(MDA)%2C+urinary+8-hydroxydeoxyguanosine+(8-OH-dG)+and+DNA+strand+breakage+following+metal+exposure+in+foundry+workers
C:\Users\User1\AppData\Local\Temp\Rar$DIa0.057\(https:\www.cdc.gov\niosh\npg\npgsyn-a.html(
http://journals.sbmu.ac.ir/spip/article/view/11855/8988
https://www.ncbi.nlm.nih.gov/pubmed/12441155
https://www.ncbi.nlm.nih.gov/pubmed/11836467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohort+mortality+study+of+North+American+industrial+sand+workers.+II.+Case-referent+analysis+of+lung+cancer+and+silicosis+deaths
https://www.ncbi.nlm.nih.gov/pubmed/?term=Historical+respirable+quartz+exposures+of+industrial+sand+workers%3A+1946-1996.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mortality+from+lung+and+kidney+disease+in+a+cohort+of+North+American+industrial+sand+workers%3A+an+update
https://www.ncbi.nlm.nih.gov/pubmed/?term=Plasma+malondialdehyde+and+erythrocyte+glutathione+levels+in+workers+with+cement+dust-exposure+silicosis
https://www.ncbi.nlm.nih.gov/pubmed/17336279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Assessment+of+serum+antioxidant+status+in+patients+with+silicosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Plasma+malondialdehyde+as+biomarker+for+oxidative+stress%3A+reference+interval+and+effects+of+life-style+factors




	a1
	1



