[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

lag Oladsd gl 9 Cublug oustiils Ao
10 -YY :Olkmio AY Oliwe) £ oylods (VYo y90

o9 3 odliiul b D gw 9 G5 (o DN L Of 5517 dglg0 (SO 598gm (2L 5
VeV 195905 D3k b eler 56

Qlﬁlgglﬂj‘Qlﬂ_?é&ﬁr}l&o@ﬂagﬁlwo&dbgdléf@li«a};gsj:f:sa)}géfbﬁbllﬁb&0)5.3.0
thly sl 5 —01pl WL L (S psle ol (il oSl (gl 4 Sl 038 okl (G @l old Al Jlo o

shahtaheri@sina.tums.ac.ir

Ol )8 015 (S ke o831 (blidgy 0dSTal gl 4 bl 05 8 ol 1 QLWL o0y B

Ol 08 015 (S ke o831 (bl 08Tl ¢ s 5T 5 (5 mnk) 05,8 Lils 1 b9 B (s olis
Ol 608 018 o8l ¢ o s 2SI Lo 557 pm cple s 1 bl 1 romS” L 5 om0

O ) 015 <01 5 o815 s AU o S 500 e s o) iaiy B b8 9

IWAF/ANA 1 b s G sb IFAF/EITY 228l 58 g b

o>

B el 6 gl o Sl eslinad b omU 5 s sl (sla sad s 5 Lali aalllas pl 5l Gie i w)
Al e s IS (55 Cmie G OLSUS Gagrlse bl sk 4 VY o gise S Bl

Sl wged adsd 5 Bl (s5le osbl g VoY Csige Sl dalr S eslinal b gl sl asdles ol s S B,
RS WY 6)@ AM“.@_:UL)) Cw[.ij.:j}ﬁ &Lhﬁx.:ﬁ J\ﬁJ; oslael &JJ.‘B Glmﬁ BE JPL; Q‘;)S J"L’J_ﬁ"")bb‘ &ﬁj})ﬁ
VU 5 Ja e ol ke b ala i ged 5l eslinal L OT 355 S8 dob 55 5 5 & s Sl U 5 S (I35 e
aop S SBLL VY oS il g 5 AL I i bl b IS 5 o (R 3l ae JUs 4 il
Sbme sgd 51 VL 205 sl gla €gel s s L;}SSUT Doy RS d 5 ge sladiged 53 e 5 IO e
Losodg SOidam b @sed 5l b CJUT (ilalir 5 Lo i ol ol 5w gy dobr 6 sl g 8w
e ol ol asbel L3 lg o s €ga5 0555 ol 53 55250 (g oS Altlle Jolge 352y 5 LT b chle w > g

[ P BN IR O 1 EPL JUG IS | IR Y S PP ) Al i ads 0835


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

Q‘J&oﬁ}rbuoﬂ/ 144

Sheslanad Lasld 5 Oleg Slews (Bsy cpl bl 5100l
5> Sl LT g s L e sl 0L LS 5
oY edd iz Ul gl b el 5 oK s 4 sad
A3l e VU T e Lo 08 e o a3y
sl wpei 5o b ST Gl Sl (S8 Gl okl
slrl T Jlde s 3 1) SUSCEe ame 5 U555
ik S s b Gl G el Al e
C,Jawﬁuq,,;uijlmw,;}u@b:;
Loy B4 Gosre s sladised 5o e oS

Shahtaheri et al. 2006; Shahtaheri et)al.
3 3 50 OIS (2005; Shahtaheri et al. 2007a

030zl b Y gans odizey (Slad gad 53 s BT lis pons
Shakib e Jo b6 lalas 5 Ll fy gl by,
36 Sl eslinad b zlmnal Olg e s g0 slagy e
Solid Phase Extractiofla.. wix » xe 5 ebx
Liquid-Liquid =l z=b sl (SPE)

ibeosls ¢ wl » sl Extraction (LLE)
s 4 6 s b1, s s sla ks, 5 Floatation
Ll el oslial s oS = law 55 (3 ole LS iy

Khadem et al. 2010; Bouabdallah et al. 2006;
Jds s 5y, 5 = (Narin and Soylak 2003

Olekily 5o clis Ol & 6y LIS L 5 025 2 0L
Sls 5 LS e slE eslimal 35 Sl
Lol 5B pld b iRl LS s Sl
b Sl Bl 0 rs nl el el Ll Sl
L5l e 5 el OB SO ) pled S5 S
P S by O3l g5 Sl el b Sl S S
S5 padss s bl baly cpl g L e sl
J%)ld‘sﬁp.}aﬂj;a\iﬁomg&i)s}%;)y
(3l a5 30 Ul (s s Al e s ealinud 3)50)
o o Bt g S G e 33 S ey O

Glacilr 38 oo Lge 3l bs o= b olbs 5e0 6l

o

oo
oo Jlel s w oS Sl 1 st Sa
oS 01 ST oy Sls e O 3 5 o3 Jaes o L
53 .33,8 e il o Dl e LlE o5 e s
23 Sran g pobe Sl s S8 (S Sl Ol
Ol 5 il o 538 mbo ale mbeo 51 (55l
w5 Ol ol (S s T 51 b S
sy bl b 5l ol 5 5L M5 sl ST (s S
s rieen 3 Sy a5 e 3T b
Oy sl Ll 5 o e cpl LSl o S5 L agrl g
oo Slaass Ml oo Olsle hus 5 255w,
International Agency for Research qp ..
b Sl gl ol e Olse « Cancer (IARC)
S S IS b VIR Y ST R 7SI
Ly o oS dil o il las )5 Lol e
(e Szl s Shee ol (S o
338 eae SWE 5 055 el (e o SUS
Horng et al. 2002; Gil et al. 2011; Windgr

and stacey 2004; Shahtaheri et al. 2007b;

ol o228 58 w4 L (Zhao et al. 2009
Sl e 5 e Sy S prames 5 DL
B33 Slie i b g e mls OIS (55, i
Wile Laaspod e glsil 53 5 e oS~ s s Ll
St @YU Cael 1S3 5 e ok s
Sy ek ab o gls Wiged O 5 sl ax Sl e
G b Sl 53 oS 3 S L
S pladaals Olge 4 50 50 5 50l o oled
5> BT CBlE 5 eld O gien O Sl oK SIS a8
Wi O 5 bl L Ve lp ex B Nl e L
34 50 3 0kl sla s, dex 31 (Gl et al. 20113
Ol o oloal et ged o K Sl5E lide pons (gl 5
Gle Gsad pin 3sei oLl NIOSH 8310 5, «


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

PV o o DI L 0SS g g (S5 s )

LS)}IC“'? b 5o mon Sosn Comaxr 3500 S5m
bl LSS s il (g iy SBlse (2L s se sladised
53l Oy il e e 3L Ol Jsb s e
o Kile Gl ges as o OLL 1) ) (gagrlse &S O
303y 2SOl 6 agrlpe oS WSaie Ll
3 bl aald 1 ode s la el ledb
4 S Oldlas dadiges WJUT s Olsl s slacs iy

s Llals gy 20 5 s sladisel o lacJUT S5 el

A dls S 5 I3 XAD (55 aile Sl 3
Ly B 0Ll aS o3 oo i 3 kel 6l ol
Sl solal Ol ol piamen doled e el
o oM sl gla s 03 5 s oSS
45 Lted S5t (S ek Slse oi 50 S Slagndy Al
(s il ot plad 5 g el s
S 5o mes sk 4 ol eles VU e ol
Saracoglu et al. 2003; Narinis s .5 k.

depe B4 (s e Ol ae) ool 3 (and Soylak 2003; Takara et al. 2005
Zhang et al. 2001; Lemos and De Carvalho = slls S b g5l osbel (gla s, 51 eslizal
(2010; Gil et al. 2011; Olmedo et al. 2010 K 3l 2l sl 53 WYL S 5 35 (ol

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

D30T CsinS bl 3 adllse ol 5l s

Aol 5B Sl eslinal bzl (g edd Gl 2 Ao
ool oz S35 o5 e gl ged (53l osbel g
Bl s O Lz 4 5 3 s G 01SLS Sl e

Al o s gl ol 03 5 IS

U e
Verr Sl L e s SO ale Sl et pland sl
Lol S 5l e e 035 - b 1) 03 p S e
o3bol Vs /) S el 3 QLT (S, oS ,0)
Go b alisy sk 4 @8 skl gls gl s S
5 gherd Sl b LS ag b dske 5l
(5L sl e Ol danul b aslllas 5y eslaad
Jolo s Kol S S8 5I0Y Cusise S s

Sl 55 3 el psssel oS Sk

Ammonium  Pyrrolidine  Dithiocarbamate

L gl 2 s oWl S e S s sl 5 (APDC)
bt S s b o s SO M e e
757 VA GISooL o hes (sl
A3 S el Metrohm s & L. Computrace
Jao Jeas e PH Ol sl pH Ol

3550 Db L 5 gl a8 Sl 55 Sl s 4 el
s oS gl bt s (g agrlpe LS o S 4
S o g sl OLs S s e e 4 e
Sl L el ol il Gldles S 4 Sles
Soloma b agrlse pand la oy o i 5l (SO S
O e 53 S S e Sl plasd LSS
a5 5 pr SR oS Ol Ll e 5 AL
ol 02 5 D S s GG sl 20
S gt e ool O 5 5ol Gl @ ped Vsene il
Gld e Slllae e mr e slie &S ol
ok il ol ) L e Wl sle O3l ba s
G2 o Klg o S b Sl el clle
2> W ool 5 rmen S5 SRl 23S el
5 S S gl e gl ssde S 5
bl oK sl e e s ols 5 Ll
Sl ol s L e SR EE e s e
P VU PR PR PPLPUCIR [ NP
Ol e e s Gl el Sl Al
sl o o oL O 5 bl 4 el b dads
2T S il 5 Al e 5 esle T Jlal

CIUT s ks LT B (ghls, €ged o 5 ahols


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

Q‘J&A}rbuoﬂ/ ZA

e 23S 13T Sl s 0l (Sa g ple oS
GS Lol b e 5 63,5 Sledbl 5 ol At b 4 pa
elin Ll 5 U s 4 ged 3 S tlanl T (s aerlse s
L e oKilesT 4
S5 5o 05 s sl ¥
sl (it Sl ey 5 0l O Il (30 5 50 (sl & gal
LB ol & gl Cgx gl pan By ko
Were et al. 2008;) xus bl 5,5 ol
e Ll sls 450 (Manzoori and Bavili 2002
gl a3 s ol g3l esbel it O 5 sl
Gl @0 s Sl ol Sl cdale s 4 LS s
Al 53 Olslp (g odS altlte Jalge 352y 50 5 S50
5B ke @ el (il ang el 5B Sl sl A,
Jolpe 23S 515 aslinal 5y [ sSde Sl €ge adss
o b s 6 e ol el 6 Sl eslinal L o) s
L 05w Godind (3 sl D5 Gy Sl i
B s O3l g0 3l b BT s e 5 (6 3L e
S chle ol s o (e st D) S Al
St e 3 el ey sla Wl 3 o
Sl 50 s Sl S S ol S5 Y 4 S s
Jole 5 odd o wog e 3 Wil PH OBl (g,
A5 S 6l gl @ yescie cble oS oSS

Fal’d
gl Al Okl ilises (sla iz I )

Gl bkl s il sl ite il ganllae sk
Chle b e gl (3l 55 5l Ll Ll 5 b U
A el () Gl 00 5ol g 1/8) pase o
5 i eslizl s 5y PH 5 G 5 5L sla o
e gl hele laes S 058 el b sk @ s
saseia 2ble L (APDC) sis oSlaS fole (o
S el b ol sl ey a3 A 035581 Laddpal oy

Slslse pis g s ek 5,5 o5l Metrohm 744
ssiS cxle Sartorius CP225Dkaws 5505
A el oladT

ol 56 (55l Oy (5L o3bel =)

00 b ek VooV 0) gl adnd S S le Ot
CS A AN ) VY Cosie S o p§ e
EERRPVISNNE PRCW. SOV SRR N (CHL PR W
SV S i 23S 15 s oy sla aaka O G b
Al Dl dsile s 85 Op 2 85 13
o3k amed Of s V50 s o V5 VK S
Al gl s sy eolilesl 5,5 51 13 5 colg
38 sl s PHL

gl 13 s S5e e e 5l g -
L s oder LIS 5T ol e lal aadllae ol s
A g3l a3l eslel Al 3 s s, se U]
3 w23 ) Sl el e 23 ges PH e iz
B Chle (s I e (o pd Pl (sl
23 ased e 5 ) e (eliS SleS L)
Sl ae a5 435 13 tlesl 50 Cilis - glan
bl o3l oslel il b Aol 55 s 8 Ol iz
s O3l Sl Ot 3l aseie Sl L ol 4
olwil 3L g L pinecd OF 51 oy ki 033
Ol G5 Gla D st $ e 5 e 5 S
S T R T I EP PR
o Gyt 6 e Sl el s Jslos s b
INUEY
S5 g gls 50l sosl o T
b Dbl 51 (K s 38 mles OIS 51810 sl
55 Sl ape ekd Sl slal b a4 i
US8 AT g s 8 sl mer T sl 5 2L
wlb ol o lasn s Wl bl eam

;w.ﬂ; jk@}&ﬁjﬁ}jﬁ)béy}‘w" .]a.wyo.k&%


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

P o o DI L LSS gl g (S5 s )

by S 45 23S U3 () 30sm s 1 b B
Sgh ppedalle ¥ Jgd s
Bl sl i 4 by e i T

38 mlaead s ol e s 3l a1 g
OB s s bl Gla wsd Lalss s Bl gl el
G gas b8 15 eslitul 35 (o 0l (5] —~
VY Cosise S ol gl Ot sy Sl el esbel gl
VOSuA del hes Gl 5l e s S el e
bt s S s b el 53 s smse o 5 S5 GV

(8 Jsd) 3 S Jlhie s 53 50

o
() S 5 e Oy sl & das o 0L zb
el ks @3 3L oLty o SYL AL ol 45 PH s
S e S s g rie Jlais 4 LT PH ol s
55 B Jlle gla o5 S L ST @ aly e s azils
Gsed PH ulal cpl diled S5 L il
Saslal gl Olaabl LB 5 ag mhw Ol 4 4 L 4l
allas s 55 0L 5 Soylak s § Sl Slaglesl
o IS 5 D e S il U Al Sl s
Soylak et al.isyes b2 4 PHOIse o 1, 4-A
2 g 3 adlae ol 55 eslisal 5,5 o3l (2003b)
35 Joled o35 LUl 5 O oo 55 ol 51 5 030 s
5ol 5 Ldbl e Wam ol 3 Cgr al e sl
Sl sl S S w8 slind (WD) daly K
Sl O 5 O e Ky SOl B 6 el OF 3 3z s
DA L mlmnad S alil a3 5 SO 5
Sl 55 63 s ool coslinal 350 LK 5 gl
S 0l 3 ssilse Jule 058 55 Js « (APDC)
038 5 US55 o b Sl e et 4 g K
58,5 el 5 (Borderline cations); » slao 5518

B Gl ls Jelad 55 05,5 b s 013 &

ol clale 5 oeul r\?v..s‘ Goad o gl Ll 56
aie 4y a g bl 5 s 8 el edd ol Sl
A3l SOLSL 0Lkl (Jple a5l Chle 035
5 ode Oldily 5 il gla, S Y 5 ) Jolas
Gl Slilesl bl 51 iy o 0L 1) L3k
13 S OBl Ll ks g olie W (sl (s e
Ve ¥ Gz el r/vo KK cble & Ll pH
Pl gl A e V0 em R pd Dl Ol
2 A e 0 st I s W Hse 20 st
ke 00 Udﬁﬁwgfﬁon O3l Oy aids
L 308 pmm (S el ey (5 A e 4 a5 L2
dplos TYIPY Ll Lais 5586 255 IV o
53 syrge ST WIS o 0ld ang Sha) nlpl s S
Ghecnl poedhe il Bdis s YYAY G 1 W &g
S 5e Ollly 5 (WSSl ) eanS altlie Jolse
Sl s O 4 b S S35 S e
sl ckle s SOF , Na', K'Y, Mg®, c&" b
TlAl e G i3S Sl s 4w et
U s 3,5 et e s S5l 5 e el
SIS Cde 3V gl ssu- U lg s sl 5 Yo Ofl 50
il b bl (s S ed sl I O3l (g5 o
SIS alS w sy Olelly e 0 clale
Sy ST

ol gy oy Solepime 5 Sl LSS s sl
Jelse s 3 eslinal axlge b sl sl sls & as
Solems 4l Ll o0 5035 Olsl5 53l 55 eiS Al
o b s S 05 4B S K5 s s sla 4l
G A e 2 p S Re Y 5N/ asie Ll
Sde a5, » (Spike) ws wlsl sl lad ses
slackls © byye o s lilial gla o g, i
Sl 55 L 0AR0 Stien o0 Lol s

Slas a5, dsb 03 5 S 4 S sy LSS Ll


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

Q‘J&oﬁ}rbuo,&.ﬂ/ Ve

by cal 53 335 e i dulp IS Oy Al w
S S S Gresd e e 23 el mlaw O
glAml Kl Ol ol L (03 03 2 el Sge
I e 550 Jedo s 53 Vb s (0 03 5 0 GV
Dsh e @ al S CSLSL gl B s Bl )
S VU Y 7 sl a ST mlesl 3yse o i o 3
3 K35 e ssdie |y QYL LSl Ol aids s 2
Co o 053580 s 4 sl Ol (gyls pme sl
4i3s 53l a0 s OlnlesT S Oley tals 5 b
(V) a8 bl ptabas 5 nlis mhan Olse w
Slpen O 5 SoYlaK allas s b [ Sie e
o &b el cer (Soylak et al. 2003b) s
A e VOr B0 gla e | saad DLl 45
o Sllesl 5o oS bl 51288 I3 e 358
Lookd o 0l bs wges 4 <JUT 51 b Jlis 5l
e Uil o JalS Jgle Clle Lgad e Sl
SIPRUPRGEA B WSS SPI WDAY CAEIE REA W I
bl gy o Ol 4 g cnl s sl oty VL
f A ke B e OSs s Tuzenadbs ;s .43
(Tuzen et al. 2005)us 8 3 ne wugr o2 Olge
4 Wged e e S TYAY LS eSB s 5
S s s 4 0o 5wl sl D o
2d Sl S 48 S5 g sl gl L3 s LT
0SB ol sl BT gls olKaws 51 (ol el A
padeis BB e 4 1y b e JUT kil Wilg e Ll
2 adlas s 0L 5 Soylak. sl Sl sgas opl <l 0
S5SL S Dlb gl ez il elel ()
53 VL Ladis S s sl s 1 Ver 30 Ll
s & gai 308 Sl oo Sl g Sl eslizad S ie anlllas
FoS Gromen 5 s s Hse sl 4 O3 )
Soylak et al.) Wil e s = e 034
s 23 adllas 35 sla, st ol s S .(2003a

Sls e ol 0Lkl Sl s addlle ool 55 sl
L ook wlol B Caltes gla chle o s s S
eV Ol Lkl Ta/aV B e/r 0 s Shals da 4 el
L oslr mhaw pldl 5l 6, 80iy s 4 a0 oalb 1,
Tl Al 3 s slge G iae ralS s 5 LIS
gl dsb 3w e Olge 4 e chle
s S Sl
B il T sy SLS S e Sl ST
Ll bl s Wls e Wl 555 O 5 Oseliin
238 Bl dee VU Ol b sl gl e
S S Lrea S o3l e 4 e SLS 5 R st
g 3 T s SOk Wl e Jele cnl 5 en
el sl P DD pl pls 2 5d e ) 3L
S o s il e Ll YL Caenl )
Olily gl 81 ax 81 wdlas cpl s odd ialedl
DLl VL OV Jsdr) 5 S el b 1y ol 3L5L
Seslinal o sy sle O ly S3LSL
ods S 5 g I Olse w5 el ety 2M HNG;
w3y S b D Kz Ve ¥ 0 el L
Ll o ol 1 I gls Dol Sllio b agarlge s
Sl Gy 3 2mse S ols s el s Sl
St Sl e m 03 8 e SNy 8 s
Slokily 45 58 I Sl o 5l et Sl
A e 10 e lad e e |y (2AV) YL 3L
ngwsva.)wa\k I fosd S8 am Ll
Al s s BT Wel)lS S gb 0 ol B o
55 38 Ot 03 3 ge o3l Jldie oSl S35 0LLE
o o 1531 ol OF (I3l 5 035 fe aie ol
Oresd Ol 53 S I e S sl 5L 5 e
Aol Lge |y glaaal auld s VL Bl 5B
058 ) e 10 e a5 L adllas ol s 5 sel
Ll o S aomm ipl rosdle LS Jol VYT Ladis


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

VY o DB L OIS g0 (S35 b5

Cowds O gl g 53 74T (VU gls DLkl 5 ool
Lo obsases gl oslel (gl Ll oo oss ool ol el
Gladauly 5 Same glacl b Yo Koo (gl
2 a8 SIS (S5 s
g\l bkl 5108 ST sla ine 3l angs S e
e Sl ae e SRS 5 el U Sl eslid
L el 5 a5 6 1SS 5 Olaebl ClB L5
Coge e Olilesl waly 53 Al e la, e
Ll plil 55y b Dde @ 3, Job 5o 5 e @ S
Sde 4 Gy w s Sady DS o 03 (7 dsd)
sbckle « bye ot slilal s cove 55, A3
L +/890 Steed ojd 5 ol o ol g Sl
Gy dsb s Sl bl g sl 0L 1 S5
s Sy aw e w5 5 A Jsb s Gl i
5 Oleabl Sl Slilesl IS 4 byse mls A ol
Oeaed Adged Gdal ) gl sy gad DS
5o 1Y 3 Sea oal s (CVH) s ol
AL e S el C3s 5 Lo (6 ean DL
sy SSEe 038 1 e s 4 o)l pen (i
ok 5 o3y 3y se s3T5 o3l wslel sla g,
52 YL Ol Sl L auge oS el sl )
a el 5B sl ey opl 53 s e 1
Sl ST el 5 bl Cgr cnle 3, Olge
D3 ar s 35 SSslam gl w0 o b aisel gl
ot Yo ol Olekly le 5 adde o s S
LT 3L 5l Sl e it s (v
Al e wsed S 5 BT L clize O3l Ol 5o
Semge Sldllas ST 5y sl (leang b i sl
Narina et al. 2001; Soylak et al. 2003g;
S s el ize VL0 Viene (Hennion 1999
03 30 (Gilwtingr L Ll 5 atls o i 4 w0 Lol ganllas

N sl g 4 ar 5 Loy O3 s Sl L
S e L VL gad e 03 p S Sl
;\ LI:.LLA‘)I J))ﬁ Cj'lawk:f-ﬁ)'b A M\j? 43_5)'5\ ..Lib_e
L Fsd LB obly 5o aids 5 1) de 4 o3 e
o 3 )l Gl Sl Oleabl g Ll 3 g0 ol 3
Olse a aids o ) Lo 00 3 (0l 6 a5 sla
sl = JJ..:)S Sy ge 3 J\..:‘JJ§ ;.)Br.‘:.}‘ LW cE.u
o3lizal BB 2l mal Ol 03,5 oS 5 Ayl b 4 Ot
PR VAP

Sl NS 8T 6556 Olge 4 O3l 035
Voo QJ} nul.iln)T S0 u:b Q)} 93 O R S ks
)\.LS.A}GJJQ )}JJ.& \) L;V.«JL.& g_)J? QLAJJ\) f;&kﬁa
ol Sl s bl ang Olge 4 S ke 00
Lo b 2815 bl Sl 1 55 SVsb o b il
Tl 03 el DLkl b 5 IS5 sla O 5 03509
LASJ@GJL&‘”MM&)‘}JJ&)&QJB
S it St e 3l o Rl
o3litul 3550 L3l 34 daly L3y 5e el LIS oLl
Q)J&ﬁ)ﬁ/\'—\"k}iﬁ\{\'Yg)}jy;w\h&d‘)J
Lools s ol bs cJUT Gl s VL e b g
soadls gV Ol e b cl SKae S, ol3
55 3l sloul el Lol izl 5L 5,5 T 51 (0SSl
O Ole3 el 53 5ol i b Dl 5 Wsad a2
Al e Sl il s Bl
siS adstlte 3 LT 2l bkl ol S
gl bkl S5l 1l b sl
S VL Lus alie 035358 Ll Gl 5 43 8 adllas
3 3l sladsel 5o Wl e Ol S Loy S

Spme DLk s ol Al s ol e ol s


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

Q‘J&A}rbuoﬂ/ \'Al

S Ll olles (Kargar et al. 2018 esliz
T N VT RPVINP- PPV IGE F LIPS S NV IS PR
b gle eslel sla o9 el el ys a4 sl

Lemos. And De ol suis eslizal dslr 56 o1 s

o s> (Carvalho 2010; Shan and lkram 2012

T elKans Lawy Yiers b glachle Sllas
3 o538 Olye UL s Mehra sl sas s w3 2y
5 Koged S ol 2l 5 ge s sl gy e
LS oS L el e oS Sl b e LT
s Soylak.(Mehra and Junija 2004u: s ssliz.|
s B L gl el B el B sl 0L
oalital Hyal la wsed Bl 5 SO (e 3Ll
Laysl s 355l 3 1 VL Ol 5 s S
S cllle okl (Soylak et al. 2003
530 S Wged 3 e Jsd LB ks sSlu- (WHO)
Shan) el espe oMol o8 5 0 55 So /Y 1, 5L
5 3 b e s IS 5L gl @nd lkram 2012
o 11 31kl ol oS - e (351l (2L
eSS V00 5 VY sl s e s IS Gl
Office 1997; Jakubowski ang .l .« = s

(Trzcinka-Ochocka 2005; Kraus et al. 2001

SV elin L OS5 ans o 0L Sl aslas gl

Al o B e 03 o s S Slee >

S5 dom
oA el s Olge el LB Sl
Jdo s eds B 8 kS s beased gl Bl 5 gsle
gl gl O ey 4 e bbbl
sl ) s s il T Gl ol K
24 Kred s 53 s cpl 03 2208 Gl ol
5 oKnlsl 3 Wl Gay spmse O olasssSB L

bl L;JLw et 3ged Sl OlS e S

dsb 03 55w [ a s Gl S a5 el
LS):’-’% )\ﬁ O axdles L‘)’-’«‘)> ] oIS o)\...i()'_})
G rlals s ek bl (S5 b 45 L s
Sl Slde SSTC NGIVE Y P R YU sleel LB L
5,8 S8 eslital sy ole Wised i 3 B 5y 4e
LsdUT ols olKaus Sl eslizad Ol 55 VU Ladis | 556
J'ZS\ BE Lf:}) u,“s‘).al.q 9 o.bjaj )}J\.L: \)J:.QS S >
g el 5 08 LB Jsene gl olKiolejl
Lyl d s odd ag By 5,5k dad sk 4
sadss 5 L (gile esbel g O Sl a&aulesT L8
..QJ;ML@‘CM}‘aMLSJJI@.?@UdUA‘L'sja.'s
2 S s o S el b ml E s
aoar g bl 0L 1y 20 5 se sl s wgal
R U PR VAL UG S PO [ IO PR R S
oo LT gla olivs jasis b= o5 &S =0
Q\j\f&em%‘MQLSSfJ?)W}ML&
MNVV/VV .la.:l.x.?)jfb .));dag.))w .chks
eis Sl as s Wgel 5y a0 Sl e o
.Dﬂiﬁ@)}.«.ﬁf\)@)\@ﬁ)é@)}‘;u]e&w)
Ll 3o by 5o Ol 0l Sls chale s 4
5 9 Q}}: L53~LA MJSLA BE PLY d))\}a B C»-v'l‘ o)).:.':
gl a0l e AL jesiis LB ol chle =L
B R R R T
-U”L“’; C)LO)U&‘ 5 o>y 6\2.:4.,\§ LgLAQLA) &4.@.7—‘}» L;e.)\;:S
ol dugp el 3B Cljsgz.ul oo YV Y)0Lea

CIS Ll ¢ agrlse end Gl s il Kool


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

Ve o DB L OIS gl se (S5 b5

Gk ses dex 5l il gladiged L3 laeJUT ke
S Olge w0 OF 51 s a8 13 a5 5y5e sl S5

.::deaﬂiw;wlﬁzﬁ)lsﬂ)uuu;})

S10y8 g K
pske oKLl Cpan Sliiss # b et dlis )
slajl s osled 4 Olg Slys il olas 5 i
9 &‘F‘ sl C,.ll.v 3 4.1.:...4} R b & YFY/VYVY
ngl_(.uaj\ QKJ\.M;JJ Wnﬁ@& & ils JSLA
Gla wsad sl par skt 4 Obnis 3B mbeo Ol

Aule o (5ol Sl s OT OLSS 51 315

woo3 b iy sl (S 3 VU gl LSS 5 Olsabl
WJgeme gl o&Kilel 3 508 bl LT o les
pde (ol slaaan L ALl o5 4 Sl pas
Jolse Gl 5 ol slis 53 T cladd 51 eslind
OF by s 5l Lk 53 5y 50 odiS alslie
Selaws i eslinad Ol 53 YU Llis | o8B . asl e
ol mlE Ll e ssdie S ol L 5L
sl b g il s a8 sl Ol axdlas
el 5B eslind b sl bkl p S 6
Szl 53 DLS 5 M sl g LS s S
oslel (sla s, 3l eslinul 4 5L 5 odd 4 8 IS il
S0k SLS 5 Sl eslanad e slies 5 Oles &S S 5S (S5l

Sos 3 eslizal Sl gladle 5 das a1y el sl

Pl a5 32 5 JSS Gl D SLSL g P o 5 5 SIS Bl s PH Y g
@M HNO; @ 258 I VoY Csise S

(Dt SD 07 (/) 5&ika £ SD (/) ks = SD (1) pSils = SD
J’)ﬂ? cble
. P> ¢ 5 &
Ny IS e o I & o N S T s
(ml) il (%) pH
EVEY/YY AN\ 0 Qee/on AYEE/EY  IM HCL  $AFE/EY  £7F0/8V  o/0) Nede/es EYYY Y
WEYAVY  AYEYVY Ve Vedees Vgde/sv Acetone  VeEe/re AWYEREEY Y Yok Yedaes §
(HNO;
avHs/YY  AvEE/YY Yo ATHo/sV AARE/EV in QARANF Qdo/EY e/e0 AVEO/EY YYREEY v
Acetone)
AAES/EV AARE/EY Ye  QTdo/sy Aidoe/iv M Vevde/on Qido/EY eV QTo/EY Ake/EV 4
HNO;
iy aesy M
HNO;



https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

Q‘J&oﬁ}rbuoﬂ/

\Ai

a5 S 3 G Ol 5 S sl O BLSL i Ol SR 5 L el pae 03 se paem Gl sd DD (o3 ST g

@M HNO;s : o 55 IS=) VoY

Dl SD - e (D KLESD > () KL+ SD Dol SD P22
o3 4 god w90 (2 Ty
P S gy Sy 2 S im0 N (imin
AAES/EY  AARE/EY 0r Ve QA0S Y QALY 4To/to \
Vekg/ty o otky/M Voo ato/tv AAEE/LY Vo AAEE/VE q o/t 0 AAEL/EV Qto/ty 0
Ato/ey atko/ty Yo Q o/t Aito/tv \ qko/tv atko/tyv \%
AAEE/EY AAEE/LY Oen o/t qnto/iyv Oen qto/ty qito/tyv q qyti/ey  Avke/iv \e
Avke/on VAEL/LY Vo
IS sl 0 (W-daY) 55, sb 5o 5 (D-day) 555« 555 @y JLSS =Y Jgoer
“*\ Z«lj&l sldas (O ml Zdij».l (..>=;-) Jb:‘ BER W p<iL:~a‘ 9
(Mg/mMI) sus Lol clale
Y \/0 \ L.s)l"" LSLA a.)‘.}
W-day D-day W-day D-day W-day D-day
\/AY V/AY V/ige V/Ed AV AV oSl
VYV /A VY V/e Y VoYY VeV (SD) s luslewl ol il e
V/EY /AL VeV A /4 /AL (CV%) ol s
VYA V/40 Vi L Vi % /4A /AAY oSke
VARN \/YYo AVZ-XT-B VA 1 C U Vi s N V/-RY- (SD) s il Gl il o e
V/YE /¥ 1/00 \/Yo V/EY V/YY (CVN) ol s o o

D-day: Day to Day Reproducibility
W-day: Within Day Reproducibility

S Cmo LSS 55 U 5 50 sl Sl isad 3 o 5 IS0 il -8 Jgds

(Ha/l) L1l s chale (nO/Q) 5o 5> chle (ng/Q) G 55 ke
oSNike £ SD oSN £ SD oNke £ SD
ARE N.D /¥ VY4 ) IS
TN YT N.D \WALESVAR o

N.D: Not Detected


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

VO [ o DA L OIS agr e (S35 s o5

References

Bouabdallah, 1., Zidane, I, Hacht, B.,
Touzani, R. and Ramdani, A., 2006. Liquid
-liquid extraction of copper (Il), cadmium
(I and lead (Il) using tripodal N-donor
pyrazole ligandsARKIVOC. 6, pp. 59-65

Gil, F., Hernandez, A.F., Maquez, C.,
Femia, P., Olmedo, P., Lopez-Guarnido, O.
and Pla, A., 2011. Biomonitorization of
cadmium, chromium, manganese, nickel
and lead in whole blood, urine, axillary
hair and saliva in an occupationally
exposed populationScience of the Total
Environment, 409, pp. 1172-1180

Hennion, M.C., 1999. Solid-phase
extraction: method development, sorbents,
and coupling with liquid chromatography.
Journal of Chromatography A, 856, pp. 3-
54,

Horng, C.J., Tsai, J.L., Horng, P.H., Lin,
S.C,, Lin, S.R. and Tzeng, C.C., 2002.
Determination of urinarylead, cadmium
and nickel in steel production workers.
Talanta, 56, pp. 1109-1115

Jakubowski, M. and Trzcinka-Ochocka, M.,
2005. Biological Monitoring of Exposure:
Trends and Key Development&urnal of
Occupational Health, 47, pp. 22-48

Kargar, F., Shahtaheri, S.J., Golbabaei, F.,
Barkhordari, A., Rahimi-Froushani, A. and
Khadem, M., 2013. Evaluation of
Occupational Exposure of Glazers of a
Ceramic In-dustry to Cobalt Blue Dye.
Iranian J Publ Health, 42, pp. 868-875

Khadem, M., Golbabaei, F., Rahimi
Froushani, A. and Shahtaheri, S.J., 2010.
Optimization of Solid Phase Extraction for
Trace Determination of Cobalt (II) Using
Chromosorb 102 in Biological Monitoring.
International Journal of Occupational
Hygiene (1JOH) 2, pp. 10-16

Kraus, T., Schramel, P., Schaller, K.H.,
Zobelein, P., Weber, A. and Angerer, J.,

regard to tungsten and its compour@scup
Environ Med, 58, pp. 631-634

Lemos. V.A. and De Carvalho, A.L., 2010.
Determination of cadmium and lead in
human biological samples by spectrometric
techniques: a reviewenviron Monit Assess,
171, pp. 255-265

Manzoori, J.L. and Bavili-Tabrizi, A., 2002.
Cloud point preconcentration and flame
atomic absorption spectrometric
determination of Cd and Pb in human hair.
Analytica Chimica Acta, 470, pp. 215-221
Mehra, R. and Junija, M., 2004. Biological
Monitoring of Lead and Cadmium in Human
Hair and Nail and their Correlations with
Biopsy Materials, Age and Exposutedian
Journal of Biochemistry and Biophysics, 41,
pp. 53-56

Narin, I. and Soylak, M., 2003. Enrichment
and determinations of nickel (1l), cadmium
(1), copper (I1), cobalt (I1) and lead (ll) ions
in natural waters, table salts, tea and urine
samples as pyrrolydine dithiocarbamate
chelates by membrane filtratiorflame

atomic absorption spectrometry
combination.Analytica Chimica Acta, 493,
pp. 205-212

Narina, |., Soylak, M., Elci, L. and Dogan,
M., 2001. Separation and Enrichment of
Chromium, Copper, Nickel and Lead in
Surface Seawater Samples on a Column
Filled With Amberlite Xad-2000Analytical
Letters 34, pp. 1935-1947

Occupational Safety and Health Office., 1997.

An Introduction to the Guidelines for
Workplace Health Surveillance. In Labour,
D.O. (Ed.), Occupational Safety and Health
Service

Olmedo, P., Pla, A., Hernandez, A.F., Lopez-

Guarnido,O., Rodrigo, L. and Gil, F., 2010.
Validation of a method to quantify
chromium, cadmium, manganese, nickel and
lead in human whole blood, urine, saliva and

2001. Exposure assessment in the hard hair samples by electrothermal atomic

metal manufacturing industry with special


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

J‘J&oﬁ}rb\ﬁ-o,&a/ \%4

absorption spectrometry. Analytica
Chimica Acta, 659, pp. 60-67

Saracoglu, S., Soylak, M. and Elci, L., 2003.
Preconcentration of Cu (ll), Fe (lll), Ni
(), Co (I) and Pb (Il) ions in some

Journal of Chemical and Biochemical
Sciences (1JCBS), 1, pp. 54-58

Soylak, M. and Karatepe, A.U., 2003a.
Column Preconcentration/Separation and
Atomic Absorption Spectrometric

manganese salts with solid phase extraction Determinations of Some Heavy Metals in

method using chromosorb-102 reshcta
Chinm Sov, 50, pp. 807-814

Shahtaheri, S.J., Khadem, M., Golbabaei, F.
and Rahimi  Froushani, A., 2006.
Preconcentration of Cadmium Using
Amberlite Xad-4 Prior To Atomic
Absorption  Spectrometery. Iran. J.
Environ. Health. ci. Eng, 3, pp. 45-52.
Shahtaheri, S.J., Khadem, M., Golbabaei, F.,
Rahimi-Froushan, A., Ganjali, M.R. and
Norozi, P., 2007a. Optimization of Sample
Preparation Procedure for Evaluation of
Occupational and Environmental Exposure
to Nickel. Iranian J Publ Health, 36, pp.
73-81

Shahtaheri, S.J., Ghamari, Bolbabaei, F.,
Rahimi Froushani, A. and Abdollahi, M.,
2005. Sample Preparation Followed by
High Performance Liquid
Chromatographic (HPLC) Analysis for
Monitoring Muconic Acid as a Biomarker
of Occupational Exposure to Benzene.
International Journal of Occupational
Safety and Ergonomics (JOSE), 11, pp.
377-388

Shahtaheri, S.J., Khadem, M., Golbabaei, F.,
Rahimi-Froushan, A., Ganjali, M.R. and
Norouzi, P., 2007b. Solid phase extraction
for evaluation of occupational exposure to
Pb (Il) using XAD-4 sorbent prior to
atomic absorption spectroscopy.
International Journal of Occupational
Safety and Ergonomics (JOSE), 13, pp.
137-145

Shan, U.A. and lkram, N., 2012. Heavy
metals in human scalp hair and nail
samples from Pakistan: influence of
working and smoking habit$nter national

Table Salt Samples Using Amberlite XAD-
1180.Turk J Chem, 27. pp. 235- 242
Soylak, M., Saracoglu, S., Elci, L. and Dogan,
M., 2003b. Solid Phase Preconcentration and
Separation of Coppeer, Nickel, and Lead in
Hemodialysis Concentrates and Urine on
Amberlite XAD-1180 ResinKuwait. J. ci.
Eng, 30, pp. 95-109
Takara, E.A., Pasini-Cabell§,D., Cerutti, S.,
Gasquez, J.A. and Martinez, L.D., 2005. On-
line preconcentration/ determination of
copper in parenteral solutions using
activated carbon by inductively coupled
plasma optical emission spectrometry.
Journal of Pharmaceutical and Biomedical
Analysis, 39, pp. 735-739
Tuzen, M., Soylak, M. and Elci, L., 2005.
Multi-Element Pre-Concentration of Heavy
Metal lons by Solid Phase Extraction on
Chromosorb 108Analytica Chimica Acta,
548, pp. 101-108
Were, F.H., Njue, W., Murungi, J. and
Wanjau, R., 2008. Use of human nails as
bio-indicators of heavy metals
environmental exposure among school age
children in Kenya. Science of the Total
Environment, 393, pp. 376 - 384
Winder, C. and Stacey, N., 2004.
Occupational Toxicology, Washington, D.C.,
CRC Press
Zhang, N., Tian, S. and Zhang, S., 2001.
Determination of trace cadmium in human
hair, fingernail and toenail for ten years by
flame atomic absorption spectrometry.
Guang Pu Xue Yu Guang Pu Fen Xi, 21, pp.
393-396
Zhao, J., Shi, X., Castranova, V. and Ding,
M., 2009. Occupational toxicology of nickel
and nickel compounds. Begel House Inc


https://journals.tums.ac.ir/sjsph/article-1-5199-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-26 ]

Scientific Journal of School of Public Health andtltute of Public Health Research 177
Vol. 12, No. 4, Winter 2015

Biological evaluation of occupational exposure toiokel and lead with the
solid-phase extraction method using Chromosorb-102 resin

Khadem, M., Ph.D. Student, Department of Occupational Health Egineering, School of Public Health,
Tehran University of Medical Sciences, Tehran, Iran

Shahtaheri, S.J., Ph.D. Professor, Department of Occupational Health Enginering, School of Public
Health, Tehran University of Medical Sciences, Tetan, Iran- Corresponding author:
shahtaheri@sina.tums.ac.ir

Golbabael, F., Ph.D. Professor, Department of Occupational Health Enginering, School of Public Health,
Tehran University of Medical Sciences, Tehran, Iran

Rahimi Froushani, A., Ph.D. Associated professor, Department of Epidemiology ah Biostatistics,
School of Public Health, Tehran University of Medial Sciences; Tehran, Iran

Ganjali, M.R., Ph.D. Professor, Center of Excellence in ElectrochemistyyUniversity of Tehran, Tehran,
Iran

Faridbod, F., Ph.D. Assistant Professor, Center of Excellence in Eleaichemistry, University of Tehran,
Tehran, Iran

Received: Jul 22, 2014 Acceghitéov 10, 2014

ABSTRACT

Background and Aim: The aim of this study was to assess exposure okes® in a metal
industry to nickel and lead.

Materials and Methods: Extraction was done using the solid-phase extraatin Chromosorb-
102 resin to prepare, concentrate and purify biolgsamples of urine, hair and nails of
workers working in metal industries. The variablgffuencing response (pH, loading flow rate,
elution solvent, and amount of resins, elution wody and sample volume) were examined and
the procedure was optimized. The optimized promedmas, then, validated based on the
“within-day” and “day-to-day” reproducibility expenents, using low, medium and high
concentrations, leading to a satisfactory accueayprecision. Finally, lead and nickel samples
were taken from the workers and their concentratagtermined voltammetrically.

Results: The optimum values for the examined parameters vasr follows: pH = 9, ligand
concentration = 0.05%, loading flow rate = 5 ml/matution solvent = 2M HNg) amount of
resins = 500 mg, elution volume = 15 ml, and sampdume up to 500 ml. A good
reproducibility and repeatability was obtained tbe optimized method under the existing
conditions. Lead and nickel could be extracted wattoveries in the range of 94-100%. On the
whole, the concentrations of nickel and lead inwlekers’ biological samples were above the
respective maximum permitted levels.

Conclusion: Solid-phase extraction procedure is a fast angblsirmethod for preconcentrating
and isolating analytes from biological samples. Sidering the low concentrations of the
analytes and presence of confounding factors irh ssamples, the procedure can be very
effective for their preparation. The applicationioé developed method indicates that trace metal
ions can be effectively purified aqmeconcentrated from different matrices like urinair and
nail samples to assess occupational exposures.

Keywords: Solid-phase extraction, Sample Preparation, Hé&etals, Urine, Nail, Hair
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