JHSW

OPEN ACCESS

Journal of Health and Safety at Work 2021; 11(1): 72-91
TUMS

ORIGINAL RESEARCH PAPER

Developing Preparation Methods for Biological Samples to
Determine Trace Amounts of Heavy Metals: A Review Study

Meghdad Kazemi, Vida Rezaei Hachesu, Rajabali Hokmabadi, Seyed Jamaleddin shahtaheri’

Department of Occupational Health, Faculty of Health, Tehran University of Medical Sciences, Tehran, Iran

Received: 2020-04-17 Accepted: 2020-12-01

ABSTRACT

Introduction: Perpetration of samples is one of the most important stages needed for trace residue
analysis of biological specimens when human exposure assessment is required. The samples preparation
process makes the analyte get more purified and enriched as well as more compatible to the analysis
instrument systems. The present study has concentrated on a systematic review of different articles
published regarding the sample preparation methodologies of human biological samples.

Material and Methods: In this systematic review, all articles related to the development of sample
preparation for trace residue analysis of heavy metals in occupational biological samples published in
English during 2009-2019, were considered. To meet the desired objective of the current study and
facilitate the related articles on physiochemical sample preparation methods accessibility combined
keywords of Mesh and non-Mesh, without any limitation in the type of studies, the Pubmed, Web of
Science, and Scopus were considered to be searched. Noteworthy, in this study, only the articles related
to the workers’ biological samples were reviewed.

Results: Based on the obtained results, after reviewing of the keywords trough websites, 2964 articles
were identified. Then, the redundant papers were removed and59 articles were remained, based on their
titles and abstracts,. After detailed review of selected articles, regarding the study criteria, 8 articles were
selected for the final systematic review. Five articles out of 8, (62.5%) were allocated to the development
of sample preparation for mercury in biological samples. It is worth mentioning that the majority of
biological samples were regarded to the urine samples (75%) in the current study. Based on the obtained
results, Solid Phase Extraction (SPE), applied in 37.5% of studies, was a popular method used in sample
preparation.

Conclusion: The development of sample preparation approaches indicates a great promise for specified
methods with low costs and less extraction time when separating different heavy metals from complex
matrices. These sample preparation and preconcentration techniques ease the analyses processes and
provide the quantitative recoveries, higher sensitivity, and lower detection limits.
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1. INTRODUCTION

Based on the literature, researchers have had always
efforts to reduce time and costs, increase efficiency,
and simplify the sample preparation and detection
steps by developing and customizing different
sample preparation techniques. Many studies have
been conducted on developing various biological
sample preparation techniques. However, a limited
number of works have been performed to merely
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develop human biological sample preparation
methods for measuring trace amounts of heavy
metals in occupational exposures. Therefore, the
present structured study reviews the research
conducted on developing human biological
sample preparation techniques especialized for
determining the trace amounts of heavy metals.

2. MATERIAL AND METHODS
In this study, all the English papers published from
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Table 1. MeSh and non-MeSh keywords used to search for papers in databases

("Soxhlet extraction" OR "Liquid-Liquid Extraction[Mesh]" OR "Microwave assisted extraction” OR "Solid Phase Extraction[Mesh]" OR "Immuno
extraction” OR "Molecularly imprinted polymer” OR "molecular imprinted" OR "Dispersive spme extraction” OR "SFC (Supercritical Fluid
Chromatography)[Mesh]" OR "Supercritical Fluid Chromatography [Mesh]" OR "Supercritical Fluid Extraction[Mesh]" OR "Chromatography,
Supercritical Fluid[Mesh]" OR "Supercritical Fluid Extraction[Mesh]") AND ("Occupational Exposure [Mesh]" OR "Exposure,
Occupational[Mesh]" OR "Exposures, Occupational[Mesh]" OR "Industrial Hygiene[Mesh]" OR "Employee Health[Mesh]" OR "Health,
Employee[Mesh]" OR "Occupational Groups[Mesh]" OR "Occupational Group[Mesh]" OR "Labor Force[Mesh]" OR "Labor Forces[Mesh]" OR
"Precarious Employment[Mesh]" OR ‘"trace residual analysis" OR "measurement” OR "development" OR "Analytic Sample Preparation
Methods[Mesh]" OR "sample preparation” OR "sample treatment"” OR "sample pretreatment” OR "Nano toxicology" OR "biochemical toxicology"
OR "Supercritical Fluid Extraction[Mesh]") AND ("Metals, Heavy[Mesh]" OR "Heavy Metals[Mesh]" OR "Mercury[Mesh]" OR "Cadmium[Mesh]"

OR"Arsenic[Mesh]" OR "Chromium[Mesh]" OR "Thallium[Mesh]" OR "Copper[Mesh]" OR" Selenium[Mesh]" OR"Zinc[Mesh]")

2964 papers were found by searching databases

v

2644 papers remained after deleting duplicate
papers

{

2644 papers were reviewed

—_— 2584 papers were excluded

v

Full texts of 59 papers were evaluated

—>] 19 papers were not about occupational

v

8 papers were reviewed systematically

51 papers were excluded from the study
because:

exposure
17 papers were not about biological samples
6 papers were not about heavy metals

9 papers were not about the analysis of partial
quantities

Fig. 1. Flowchart of paper selection process

2009 to 2019 on analyzing trace amounts of heavy
metals or developing a method for the analysis of
these metals among workers in all the occupations
were searched based on a combination of MeSH
terms and other keywords without any restriction on
the type of study in four databases of PubMed, Web
of Science, Scopus, and Embase, and then reviewed.
All the 2964 papers found were entered into
EndNote software (version X7, for Windows,
Thomson Reuters, and Philadelphia, PA, USA).
Duplicate papers were first removed to identify
the relevant papers and, then, two researchers
independently excluded those papers that were
not related to the purpose of the study based
on their titles and abstracts. The full texts of the
remaining papers were reviewed to identify the
papers that fully met the inclusion criteria. Data
such as the name of the corresponding author, year
of publication, place of study, preparation method,
chemicals and devices used, and type of biological
sample and metal were extracted from the studies.
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3. RESULTS AND DISCUSSION

Out of 2964 papers collected, 300 papers were
duplicates and, therefore, removed from the study.
After reviewing them, 2584 papers were excluded
from the study based on their titles and abstracts.
The full texts of the remaining 59 papers were
carefully reviewed, 51 of which were deleted due
to non-compliance with the inclusion criteria.
Finally, the full texts of the remaining 8 papers were
reviewed and analyzed.

Based on the results, mercury or its compounds
(with 62.5%) and urine samples (with 75%) had
the highest rates of application among the studied
heavy metals and human biological samples
used to measure trace amounts of heavy metals,
respectively. Among the techniques examined for
sample preparation in this study, SPE was proposed
as the most frequently used sample preparation
technique, since it is quick and easy to perform
and is widely used to extract environmental and
biological samples.
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Table 2. Summary of different studies on developing physicochemical sample preparation methods in the process of heavy metal

analysis

Schlathauer, M.

TEM?, AFS’, CV-AFS?,

active Nano gold-coated silica

H; i PE!
(2017) (35) Germany mercury (Fg) urine s CVAAS® material
Khadem, M. ine, hair,
adem, Iran Cobalt (IT) urine . ar SPE FAAS® Chromosorb 102 resin
(2010) (1) nail
ELAN°® DRC™ II ICP-MS,
Sommer, Y. L. USA iHe, MeHe, BtH. blood SPME’(& optimized PerkinElm’Clarus 500" Gas Fiber coated with 100 um
(2014) (36) & & StHg headspace extraction PDMS
Chromatogaph
Microwave-assisted Hydrochloric acid (HCI),
Matusiewicz, H. Poland total and inorganic CRMs* decompositio? methoé& CV-AAS tetramf:thylammonium
(2010) (37) mercury three ultrasonic extraction hydroxide (TMAH) and
procedures formic acid (HCOOH)
Khadem, M. urine, hair Polarographic technique
XAD-7 & Ch b 102
(2014) (38) Iran nickel and nail SPE (Metrohm 757 Computrace re:ifr)lmosor
samples VA voltameter)
Vortex assisted IL-DLLME’ Screen-printed electrodes
Fernandez, E. . . . 10 i i
(2016) (39) Spain mercury Urine and microvolume back- SPCEs modified with gold
extraction nanoparticles
Sabouri, A. Varian AA220 AAS" Varian mercury hallow
; I 1 i FI- ~AAS"?
(2016) (40) ran total mercury urine CSpe (Australia) cathode lamp
Inorganic arsenic
Takeuchi, A. [As(11I) . .
(2012) (41) Japan &As(V)],monometh urine Liquid-Liquid Extraction GC-Ms® GC-MS equipped with a
L capillary column
ylarsonic acid
(MMA)

!Solid-Phase Extraction

* TEM: Transmission Electron Microscopy

* AFS: Atomic Fluorescence Spectrometry

* CV-AFS: Cold Vapor - Atomic Fluorescence Spectrometry
* CV-AAS: Cold Vapor- Atomic Absorption Spectrometry

¢ FAAS: Flame Atomic Absorption Spectrometry

7 SPME: Solid-Phase Micro Extraction

® CRMs: Biological Certified Reference materials

® DLLME: Dispersive Liquid-Liquid Micro Extraction
"SPCEs: Screen-Printed Carbon Electrodes

' AAS: Atomic Absorption Spectrometer

12 FI-CCV-AAS: Flow Injection Catalytic Cold Vapor Atomic Absorption Spectrometry
' GC-MS: Gas chromatography-mass spectrometry

4. CONCLUSIONS

The results of the studies indicated that it is
possible to reduce extraction time and costs,
increase efficiency, and simplify the sample
preparation and detection steps by developing
different sample preparation techniques and
making them particular for the detection of
different metals. More appropriate measures can
be taken to control the exposure of individuals
to heavy metals by accurately determining their
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exposure status to various metals in different work
environments. In this study, SPE was proposed as
the most practical sample preparation technique
due to its ease and speed of operation and
widespread use for extracting environmental and
biological samples. Therefore, further studies are
recommended to develop sample preparation
methods, which can be helpful in detecting and
improving the exposure of people to heavy metals
in the workplace.

Journal of Health and Safety at Work 2021; 11(1): 72-91


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

qQ1-VP Oladw 1100 )lgy /) d)Lasd /1) sla

O 8 I3 p0lio et 519 (K398 o S Aiged (53w 00T (s igy Axwgd

S.99.30 adlao S 30w
"ol ol i Jlozr s (g3LT o5 (slar ) g 4zl (LS g oBIS Sl

Q‘)'.’.‘ sQ‘).eJ sQ‘).eJ kéu).» ﬁjl.c oKiils sw‘..\.@f PRURKY ‘LS‘ 45).> w“-‘@f (eI 05;

IF98/- /1) s g b AP/ 1/ Fhicsl o g b

onin =

o diges Jolooi 5 4500 T8 50 o CdUl o (s gl 03 Jle 5 s 51 (52 oo il (g3 o0lol ol
9o Sl g3l 8 g gl tigad sl olseo Sl il Sl ol ol pyms b aglyn (o) 50 Sl
sl sl g ol aslllas g g0 a5 (5l ol (Slajli b )T Gelas (sl (ool diges Dol gl & 905
o i35 5y Sl Sl (sl diged (53l oolal (sl gy daugs g (2905 Ao yo 48,5 alol ilalllas 40 4
19 5 dnag aina; , VNA LY q o Lo s a5 S5Ylie a8 il Jsle (59,0 asllan ol o 55l b,
S 0 & o lid (Sefslser (sbo aiged 43 (e D3l S5z ppolie 5IUT jslate 4y iged (g3l oolel slo (29,
B il o8l el e Gl i B 0 5 el e il i elllins yfly Wiy oo
Pubmed: Web sls ools oSl jo caalllas £45 )0 Cosgaze Jlogl sy « Mesh ;e g Mesh gl o3lgadS’ oS 5 5l 4
S50 sle digel 4y bgyje a5 Slalllas L a5 csl S8 4y 05Y 0l oolazul Embase 4 of science. Scopus
250 dalllas 8)lg 9 W85 18 ()2 9590 gy Jad b laS e g Sl

5 o s (5] oz allie YAPY slaes gl 00l (sl oSl ;0 W 03lg 0l casy o 51 s calllns Zulis 4y a5 L sl Ay
85 a o )] JolS e o8 wile 3L allis B8 sl o )] 00K 5 lgie 4 dmgi b Vs a5 06,55 S Ylie i
Alin A 15590 0 ik Siloinns yg0 3y calllae (5l Jlns 43 azg5 b allie A L5 shas ol 515 2,5 1,3 aslllan 3,90
S35 sl digad Slogaz 518 gl Sl gz diged (il ookl (gl b (52995 5 dmmngi 4 oLt (FVID) axlllas 3,50
(Sldlac 7Y0 ;8) ol diged ka5 8 je0 Dladllas (o ;0 oolaiuwl 8 )90 (S5slem diges oy yiden § (o yiago a5 J> 0 il
O S 0Py 20 g laie dy 0gy aid ) IS 4y Slalllas 5I7XVID 18 aS(SPE) sl 518 2l 5einl g, cqulis bl 3 205
s b e dalllas 1l 5 digas (g5l oolol (gla 3,

Sl Gy ol 035 (eolais rizmes 5 aiged 53l oolel alie (slo (g, dmnssi 5 (2993 L S 55 16 5 At
oslal Ul ye (g5l ool 5 a5 2alial el @l il oo g b sy jo alamSle (BB 20lS e lgF oo wcilises I3lS

Al L dgad auseid g g3l

s SlS Sl S o pes digas cdipai s il 00l 3535 OLalS =

shahtaheri@sina. tums.ac.ir 4.5 Ke Jytms oo g (Sudg xS Conny 3

)5 oyl g Calbrlagy aslilins


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

Wiged gl e ialidl e diges (g5le ool al> e
(35 D509 5 (pya) b Ul il (5 5 5
oBews slajls b o Geeas (sl (Lol 905 Lo
N Cod 45595 glo

diged 2ol 5 (53le oolel gl LS o b,
o o gy ol dbex Sl o)ls ey (Sojglem lo
56zl (O mle —mle glsul 4 ol
OANVD aelz 56zl 3,80 (-1 V) aels
9, (V) LLME) Twle —gle gl 58
5 (YY) DLLME® (Y1) Sigul il gl 5l slo
ool 8,90 calizo Slallas ;o MBS a5 5,5 o,lil 0,u8
Wiged 55w oolel sla g,y 5l S e il 4§ 13
g dl oo o gy plo dr S (alre g Ll 1)l
obesily 5 SLI 2l a4 oliws jslaie 4 (i
sl g blie cnl (2b)l 4 azgil s Slalllas 5o
S el g, ol 5l eolil 5 e 4y aludl
Jole sl by S Lo o5 289 o g, 0l 5]
(b YY) s diged (gile oolel (sl (ool
5 o W) (ages 08 gl Pl slo (g
Wgad gly g Gl bt Slge glimiul @l Ol
5l oolol gy S 5l e (5SS (Sajslsm sl
s sei £55 4 455 b ke 4 o5 oolitl
ol a3 90 lieed osle Bliogas rizes
oole (3] lo (Fho b celite 5 cenlin (59, o
Soexe sla g, 5l eolaiul ( Jls laiey 59l ool
Vb el b oland Slse 6l ple-gole gl 5l
(VY-Y8) asly oo dlSel eyl 2,5 s

Ages 55w oolel sla g, 5l $55LsS lalllas 4o
G oly oo Dldllae (pl alax 51 sl oald ool
adlas o o) g (g0l ol .05 o Lal 55 Sledlas

I AD Gy b Jid agzlye Gl 2L ln 99>

1 Liquid-Liquid Extraction

2 Solid Phase Extraction

3 Solid Phase Micro Extraction

4 Liquid-Liquid Micro Extraction

5 Ultrasonic Extraction procedures

6 Dispersive Liquid-Liquid Micro Extraction

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

0hBss g (b5 slabs

doddo =

oolatwl ¢ oLy slao )5 Lds 4 S Sljls
ALl 08 g (g3l 9500 (55,5l (e o a5 ol
Jdo @ (Jb e jo Ll s wwoge Ll gl y
32l agzlge 00 S il g (sl (S5 45 12 4 999
Sl Ay Wl oo calizee Jelin o Sl I L
(V) sl Gladl gl sdle 5 stilage Ol ylas sl
Sluags Wl a5 cow Caols bl S I8
o Sl pl (V-Y) auS oo oLl codlos a>gio |,
@ ol (STplie sla,lis, o P cel ol
S S o el wiilys oo (F2 b g b 2L plo 95
3 b Oledoe 5 olse Dl g Glie (F-0) Wigd
(7)o, b» QT L ol,dl agzlae oyloj

b agzlye pllo o are 5 (Seiolom sl aiged 5o
30 Boee Ol polie da )] slo cdglio L oloS 5
50 SMSie slm) el (pl aS 5)ls 8925 (S mdaw
oyl 305 oo o (] ke (et 5 pansets Sl e
olazel JB g5 5.8o (wlar ST S 092 4 5L
WA D) 953 oo ool 3y sokas (Sasslses slo
i Siasles ool (sl S5 oSyl 4 ars
do oBiolosl el jo Sl ol g diited oot 5
Wiged (3l oolel glaanT s 5l 1A situcs (o yiwo o
A oo ool Ldsw las Sig, (sl oole 1y
Jyore sla olKiole;] el o ool opl a5 1>
b dauie ;0 09> 48,0 el g ails |y plol oo L8
o b Ul Jlade e g asis ley ralS
Gogamme olawd aSil 4y axgil (V0 L)) Wgd oo
Aqueous) ol sl aisei o b oY Sl S
o olplo siee SIS cawles s (samples
5l kel Gaa (V) ail (oo diges (5le eolel al> o

\L4


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/solid-phase-extraction
https://jhsw.tums.ac.ir/article-1-6454-en.html

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

e (338 1030 0123 1 (AsT00w sl wass silw o3LeT (slo (sby) a3

)béL“’ ) )*5[’ So9r° axdlas .ol Sgdzne Wb
DP9 die) 4o aid S olol Cldlas cwyp 4 aidl

Seidsn Gl wges il oolel sla g, axwgs g
Lol azls Sl

Mgy =
ash JLele jope jge 4 ol ¢ adlhe
ool adlllae ol olo asily IS jsb ) it plov
s Agod LS}L*” oole! &S dao)y 4O c\..ﬁ)f ‘al.?d‘ Sladlas
Sl S polie e Gl Sl (So3ode

wllbs 4 09,5 slojlro 5 g2tz g,

Pubmed slaools L adllas  pl o
g 3,90 Embase 5 Scopus science of Web
ol 3505 o ol ool 3 iy (gl b5 15
s os elerdmsSosd il ool gy g5,
Jhe!l ysaMesh e g Mesh sl o5lgalds oS 5
OS5 5ol8 Ho il eolatl aslllas 45 50 Cudgame
b oSl o g gl 4, LIS il gla o
elols jshite a4 (ol odle ol solel (gl o0l
Yl abie winals Cawsy 358 by, b a5 Yl
W8S 1R (s 990 b g 53 0D S8

(“Soxhlet extraction” OR “Liquid-
Liquid Extraction[Mesh]” OR
“Microwave assisted extraction” OR
“’Solid Phase Extraction[Mesh]” OR
“Immuno extraction” OR “’Molecularly
imprinted polymer” OR ‘“’molecular
imprinted” OR  “’Dispersive  spme
extraction” OR “’SFC (Supercritical
Fluid  Chromatography)[Mesh]” OR
“’Supercritical Fluid Chromatography
[Mesh]” OR  “’Supercritical  Fluid
Extraction[Mesh]” OR “’Chromatography,

\A'%

Oezme (YY) ais )5 oolaiwl vul> 5zl 5wl g,
@l Saa bl addlhas o ol a5 650l ols
LaS oo aiges wols oylas Cr (D) b Jas agzlge
21y 6 lo &l el asls SPE g, 51 solaal
—ebe gl Gy b odd 4 sl wiges b annlie
9y 3l Ohes 5 golpe ((TA) a0 ol p mole
gl gy MSPE?) cwiblie sel> 51 1 5l
o cisbs aliwg 4y aoe O (sla diged 3 pgesls
(V) Wo,S ool (ol dads o3l Q>

ol Bua b as gl addlas yo 35 o), 5en 5 (g0
e 5 o Gl wiged 1o pyedls Sz polis 655
5 wols plxil oads 2ol pgblise i35l lal s
Age5 (53l oolal sl (SPE) swl> 56zl el oo,
sl Krawezyk asllas o (Y)ass,S colaw! o
ool Glo Aigad )0 oy g sl polie g (rpns
ol D3l lyie 4 (o) (kg wix sle ddsil |
(Y1) o 00latw DMSPE! 71 seil g, 5o

5l oolal iz slo g ) 3 sl Jlo o
(DLLME) ous51, mlegole zlsul o diges
gl el 9,500 (HEMEY) Jgi 5108 &l ey S
56T gzl slp opmé (LLME®™) sle-gle
Gl 0l ool cole Gladzs (o calite o el
(TY-YF)

L eciliie Sldllas ;o olaione o392 3 190 4 4z 5L
oslel calizes (slo b9, (19,5 (solaiSl g dnvgs (g
po ploy g b anza ;o oo Wil wiuly @ised (g5l
il ool 5 LIS Gl csl g2 5 WS a5
Slalas gl o diges asid g g3lw oolel J>lpe
Ao slo by, dxwgs g (g dine) 0 ok
el @8 )3 ol SGielen e dged (g5l oolal
oolol slo g, drwg die) 40 Byo a5 Sldllae Ll
b slo aglse 5o (Slasl (So3lom o aiges o5l
o plnil (S DIl (S polie (555 o3l gl

7 Magnetic Solid Phase Extraction

8 Dispersive Micro Solid-Phase Extraction
9 Hollow-Fiber Micro Extraction

10 Liquid-Liquid Micro Extraction

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiIlI6cj7vhAhVOR5oKHWVcDyUQgQN6BAgEEAE&url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fq%3DDispersive%2B%2Bspme%2Bextraction%26hl%3Den%26as_sdt%3D0%26as_vis%3D1%26oi%3\
Dscholart&usg=AOvVaw380OFzJHzjEXVoD5-o0L2Y
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiIlI6cj7vhAhVOR5oKHWVcDyUQgQN6BAgEEAE&url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fq%3DDispersive%2B%2Bspme%2Bextraction%26hl%3Den%26as_sdt%3D0%26as_vis%3D1%26oi%3\
Dscholart&usg=AOvVaw380OFzJHzjEXVoD5-o0L2Y
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiIlI6cj7vhAhVOR5oKHWVcDyUQgQN6BAgEEAE&url=http%3A%2F%2Fscholar.google.com%2Fscholar%3Fq%3DDispersive%2B%2Bspme%2Bextraction%26hl%3Den%26as_sdt%3D0%26as_vis%3D1%26oi%3\
Dscholart&usg=AOvVaw380OFzJHzjEXVoD5-o0L2Y
https://jhsw.tums.ac.ir/article-1-6454-en.html

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

5 ol &l GYlae o 4 del (g 90 DY
Soxez b o095 j0 a5 Slllhas izeen 5 o ulos
G ol dsei o aS Slllas g 20g 0ol plxil ceges
ous bl (0,8 ¢ Ism 38 (OT) Syjalsm sl wigad 5>

A ) dslllas 5l asog

s 00ls 5,57 g i [ 5 ¥l 055

EndNote |58l ¢ 5 5,15 ooy ololiss &Ylis als
(version X7, for Windows, Thomson
..o Reuters, and Philadelphia, PA, USA)
Bis 6,155 SYle Tyl s e oYlie slolis ol
L azg b Jle Djpo 4 Bime 90 e clidd
Gos b aS SYle 5l atws o] «Vlis aods g lgie
Al o w5 7 adlae 1 wisgs Lo e axlas
Y B ol gy oaile SL Yl JolS e (g
g oatie 39,5 slabne b Boate SMelS

ot g pb dlox 5l aslllae o 4 bgs e slo ools
«§ ke ool ooy dadlas bl Jore lacsl Lo <o
Bgad £98 8 1K b olws 5 gleord olse
b gl gl Sldlas 5156 Soelse

b aisl, =
5 el o eols i Sy S 4 45 skulen
5 058 6,55 Wlie Yo e ond (o5] gaz alio YASE
iyt 3 dalllas 5 dm i gyl dallls sl ]
adlas 5| oaSz 5 olsie 4 dzg b 5o alie YOAT
oailadly (5 allio 03 LlS oo olys o wiad Bis
L ol pac o 4y allie O a5 0l vy <o 4
e el 5 i B> canlllae 4 3555 sloylas
Jelo g 4525 g (w090 cosilondl Allia ALl
28,518
Sy90 b o] JolS e oles jo a8 SVl G
Nl Slets g0 Sy 9 85 I
s 3l g 09 (Wie V) olpl 4 by oloss op i
O] 5 5215 15 el bl (LT (sl y588” 51 S5

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

0hBss g (b5 slabs

Supercritical Fluid[Mesh]” OR
“’Supercritical Fluid Extraction[Mesh])
AND (“’Occupational Exposure [Mesh]”
OR “’Exposure, Occupational[Mesh]”
OR “Exposures, Occupational[Mesh]”
OR “Industrial Hygiene[Mesh]” OR
“’Employee Health|[Mesh]” OR “’Health,
Employee[Mesh]” OR “’Occupational
Groups[Mesh]” OR  “’Occupational
Group[Mesh]” OR “’Labor Force[Mesh]”
OR “’LaborForces[Mesh]”’OR *’Precarious
Employment[Mesh]” OR “’trace
residual analysis” OR ‘“’measurement”
OR “’development” OR  “’Analytic
Sample Preparation Methods[Mesh]”
OR “’sample preparation” OR “’sample
treatment” OR “’sample pretreatment”
OR “’Nano toxicology” OR “’biochemical
toxicology”’ OR “’Supercritical
Fluid Extraction[Mesh]”*) AND
(“Metals, Heavy[Mesh]” OR ‘“Heavy
Metals[Mesh]” OR “Mercury[Mesh]” OR
“Cadmium[Mesh]” OR”Arsenic[Mesh]”
OR “Chromium|[Mesh]” OR
“Thallium[Mesh]” OR “Copper[Mesh]”
OR” Selenium[Mesh]” OR”Zinc[Mesh]”)
2 SVl szt caddlae (nl o Sl @ azgi L

Scopus ¢science of Web Pubmed (gl osls sSL ¥
oS Sldllae oles cplply 8,5 &,00 Embase 4
57l Jelo g s e o (ST 05 &
54375 lp (oBgy 6 Axmg g bl b g S SIS
25 Sly Jelie s LT o S8 () Jelos
009 iz jeliie 4y ioren Aiad dsdllas o)y taiog
o Jlo e a5 Slllas L wosliul 550 Slallas
s asllas 5)ly oy onds elol Y414 5 Y9

YA


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

e (338 1030 0123 1 (AsT00w sl wass silw o3LeT (slo (sby) a3

Wads Bl ool (sroll 18 g giuns b 5l a5 allie YAPYF

!

il 3L 6,85 SVl GBi 5l e allie YSFF

v

WD o)y dllie YEFF sloss

3 Qo 7yl allae YOAY

!

Wl 2bl Alie 0 LS e

109 Al Bds axdllao )“ alie O
B9 bl Slgzlgs 8,50 50 Allas) Q
g So5el g (soddiges ;o dllas VY

|

D i D38 590 40 dllas £
RYVE T ﬁaLZi.o}:Jlﬂ 3,50 ,0 allas 4

Yo oloss! wigl 8 @ ylagls ) S

ol 5o o8 (Gl SUIYVID o gle ancal arals

gheel (g5l w85 513 (s 3550 (5590 anlllae
Sleie g0l 5l g 0 oo eoliul (SPE) wal> 516

oolel (slo 3g) (5o ooliinl 590 B9,y o 33,25
A (Byre adllas pl )0 aigad g5l

Schlathauer axlas -
oy, o &l a5 0g5 aalllas 4o Schlathauer
A3l slegez glzinl 5 (sl p diged sl woa (llos
L} LQ 443.04 6)L...4 ooLoT 6‘;7 SPE U"ﬁ) )‘ .)9." QLAMJ‘
LJ:’?) )l 5)‘[-&’ 5)[) L| AW oelo W?“ 6[5...1....» &J
(:A.? )‘ u= k;"\"‘ €0 g )‘..\M ua.ou..u é‘fCVAAS
L s agzlye a5 goldl jo 0l sla aiges (554
Ode LS‘)" > 4.:5.0.1 B Ay oolaw! M‘J 09>

V9

Slallas ol o 0 anlllas o)ly o bl alie S
FYID b 3,50 DT S 5 b oy 518 551 o ol
adllas 5y o plaS e (S 5 LS o] SleS 5 L
Bged (p fotes ridred Wdg 485 13 (o) 350
Slllas (pl jo a5 (5 lse 5l o0 VO ;o) (So5elem
Sy (Alis ) ljol diges g0 485 18w p 390
w‘ a..\.o] \ Jﬁ..\? )\J M)l? )5]43 Y] «))9.A uyl&o

(SPE) wol> ;5 7,5l g,

sl gy plo 4 s SPE g, ) oo 3b

da diges g5lw oolel g dmuwgs vl B 4o soliwl )40

sy Oy90 SYEe Hlee jo 1) 058 g eolaul oy oo

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

0hBss g (b5 slabs

i Sl LT wsT )3 50 aiged g 3hw oolol (o3 Loy jud 6l by drmgi diose) 53 cilisin lallla Aol ) Jgu

b ool gy (sl TEM?, AFS3, CV-AFS*, SPE! Syl g oWl Yoy Schlathauer, M.
5
Mo Jled @ly54i6 CVARS (35)
VY 9398955 (5 FAASS SPE o3 egn oyl D cits oln! \RE P pols
(1)
Voo iogy b pud ELAN® DRCTM®II ICP- SPME"(& e S T yuk 0gun> (5 0T Yo F Sommer, Y. L.
. . MS, PerkinElm®Clarus optimized R (36)
e 500™ Gas Chromatogaph headspace o322 Joil woger
Gl gl extraction)
RV K SN T INOPY CV-AAS Microwave- CRMs® ST ek 9 IS5 0gux RCaws | Yore Matusiewicz, H.
g0l kol 55 assisted (37)
Rt el atad decomposition
Sl a0 53 kS gy three &method
ultrasonic
extraction
procedures
140 9590955 slo cp,  Polarographic technique SPE 536 ego 10! Jss ol YF o pols
XAD- (Metrohm 757 38
7 Computrace VA ©8)
voltameter)
&) amivo gldg Sl SPCEs'? Vortex assistgd Syl gz Liloa! Y$ Fernandez, E.
e . IL-DLLME 39
Mo &ly3g56 b oo Mol and (9
microvolume
back-extraction
305 JB g5 WIS oY Varian AA220 AAS!! FI-CCV-AAS'? Syl SIS o ol Yor$ 90
(G5 ) Fe?* (Pasitett) (40)
GC-MS equipped GC-MS" Liquid-Liquid Syl S Soens T &b Yoy Takeuchi, A.
with a capillary Extraction [As(ITT) &As(V)] (41)
column ‘ -
S| Jekogio
Sl

'Solid-Phase Extraction

2 TEM: Transmission Electron Microscopy

3 AFS: Atomic Fluorescence Spectrometry

4 CV-AFS: Cold Vapor - Atomic Fluorescence Spectrometry
> CV-AAS: Cold Vapor- Atomic Absorption Spectrometry

® FAAS: Flame Atomic Absorption Spectrometry

7 SPME: Solid-Phase Micro Extraction

8 CRMs: Biological Certified Reference materials

® DLLME: Dispersive Liquid-Liquid Micro Extraction
!SPCEs: Screen-Printed Carbon Electrodes

' AAS: Atomic Absorption Spectrometer

12 FI-CCV-AAS: Flow Injection Catalytic Cold Vapor Atomic Absorption Spectrometry
13 GC-MS: Gas chromatography—mass spectrometry

285 bl (Soielem b 00 VoY 959095
= 3 SPE) aal> 56 zl 5l g5l 4 @y
ol 03l VoV 95909,5 () Loy sl (yge
Pl 5 €505 900 (20 n0lie iges PH (sla, 56
el (fugh Pl e gdind Pl ggi s
B il dte 9j50 gl e 5 () e NI
T b Sl eolainl b cdlS Jlade s 28,8
Jlgm alas 3l eslital 5 FAAS) (ol alas oil >
b ld azlye 23l e 28,5 alonil (et
&3l Atz Gy il el Sy 9)l5 (D) 2L
werdly sl wigas 3l oslil b Ll dgzlse sl o

Koo jlgy /) dyLauds /1) sl (S (iag) § Cablagy asliling

&) 5l o WAl (IS 0o gu O jga ole (o
Al odnlive b diged (0 D)ygaS g Sl &5 SO) &y
Gilw 0 uzd Job 1o ol oS s sasauslis a5
plsl ol plojaysh 4 (nlply ol (5)IeSS
& 30 CVEAFS g, 5l coolpin Ghg, L Sliass

2O og e el glp 8, e e (g, (laie
(¥ ) ool 1,0l sl wiged

Sen 5 pols il -

Sile dinge Baa b oS () Sen g pols aslllas o
oslisal b (D) LS 3z slie oeess 1 SPE

Ao


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

e (338 1030 0123 1 (AsT00w sl wass silw o3LeT (slo (sby) a3

ool !y (Microvolume back-extraction)
b oads ol gl amio by Sl g o aiges (g5l
Syeldy 36T sl (SPCnAUES'™) Sk )34l
00litiusl o5a> e yewnd ],y SPES 5l locyl .o ,5 8l
b ol sle aged 10 gy (nl 0392 6315 s
SO ol o4 ol b (Gl el plojle
Jbe g oga jlme ailiw] o> polie gl aseis o> )
oy Ol 4 (el Cudbge joka oLl 0l 4o
oS 5 ,0 SPCNAUES ;I (6 uel cusidge joha g ol
5 vortex-assisted IL-DLLME la 39, L
oe=x lp Microvolume back-extraction
A oolaiul ouis puan ol slo diges ;o 05> lade
Ol Dt 9 W)l el aSul @y az g b ol oS 5
b oger (5l 5 ole Iyl @ Gen 55 b
o olgie Lk ol 5l el b 050 o SPCnAUES

Ll 4185 )18 axg5 0550 Cands gy by,

SPME _:,,
Yuliyaaeibo -

S pgislegn gy Ko 355 adlas o Yuliya
0ge nolie (55 ol sln 1) ol 5 B30 ca
Olasl JalS” 55 55 0902 Juil coguer Jtor JT ud
TSID-SPME-GC-ICP-DRC-MS I solazl b
ol sl GC gl ol )l anlllas ol y 5,5 olow
Gl g0 el die e g mly M S S
(lBss (sl ] Sl (g3l Aty o5 o Ll aslllas
ol 5 @ Ghgy o SPME o8 90 cuai'
SiSS (wizmad Sl YU sl digas b )15 <Ll (ol
ade ol 065 sl LUy 650 zgo9 & TSID
Bgod ST o s 3l Lok asds sl SulS
Y5 eoliiwl (g, cpl 4o 0,8 wlil SPME (.5
dges 5 JUT o Jsb (5,08 xe yskas SPME 8
S ol b diges glp |, by, ol 5 el zals |

12 Prepare samples, and screen-printed electrodes modified
with gold nanoparticles

Al

Slo Glas gl )5 )13 2l o)9e (3L g 9 )0l
Gl oolel Jol e (g3l ool o wilgs oo g, oyl &S
S5 5k 50 Co (IT) oaslel polie 5JUT (lp aiges
it el ol i) o elSin Glie gl
350 3ol Codbsesh dp el S s ame
28 18 eolarul
Gl dige B L ) g pols a5 gl dalllas o
5 SPE) wal> 56 glycl anyld o 550 slo el
Loge 5 20 0l o diges 31 S (g 5lulas aslas
Pl V)0 93909, 5 XAD-T (55 99 5l oolicl
Dol youe b puw cdiged PH aile ola el )l sl
i Pl g58 (Glagd Pl (20 5 (4iged (20)
P2 o0y e (S clale ¢ iaed Pl ez
dote )90 (3 99 2 ey Saple SIS g dged
@97 Sl W g GpdylSS sl 1 sl
Oy 99 2 3 eslaial b oad (gile iy bs; sl
XAD-7 &l o0l cavss slo obsb oo el s
Lol s 3525 ()l cime BT Vo Cgipns,S s
il 03lal i g 1eS 4o Lo 4 XAD-7 5,
sl Galesl 1 V20 ©)95909,5 b dulie ;5 5 ool
o SPE a5 5,5 0l adllas ol o arogs (o
Slp ey 4 sl Wl 5 diged (3l oolol g,
G iy Ul 5 oSl e oSl
Sl it b9 el odle 0)ls le —gule gl 5
A Ggyae g oolatwl gl lel wlaiel BB g, ool
S5 ple b b pe oMt pade ol ) 450

xS = N.e‘)é Aigal 6)"-*’ oole] sl

vortex-assisted IL-DLLME and s,
Microvolume back-extraction
Fernandez 4« -

ke pens Gl |, was> o3y, Fernandez
wlo S o n )5 4 bonis pan sl sle diges ;5 09
S5 w9 ,5ue gl el g IL-DLLME! 51

11 Ionic Liquid Dispersive Liquid-liquid Micro Extraction

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

FI-CCV-AAS s,
Sy axfllae -

O lp 09 addllas o LSes 5 500
FI-CCV- g, 51 5,00 (slo diges 1o JS 0gue> pubiinns
Y Fe** 3 oolawl b 6” 050> yord Hledily (pin
Ok GuF JSon 9 pelitene joka )il (lgie
A Bl iged (65w oolel Liaw ol pls g <8l iol58l
JJ.A AAS S5 )'| ‘Jtiw.: sl 6)-:5 o)‘.\j\ LSALQS 6‘)’.
solpidan g, Cono b ooliiwl (Varian AA220)
dges 5l g S a5 NIST SRM 3668 5l eoleznl b
pas Lol g S sl cdale 3005 7 o laitel ol sla
pdle 23,5 )8 (o)) 0jee il (o0 Crane ki
oo Jole S g T e 090z sl Gl T a0
e g | 2l oS Sl g, ol 5o Sl
Be g bolea lpl cobe ()5 ol ol s
b el sle dged 13 JS 0 (o5 el g 520
5 230 5 (523055 | SRM' 3668) ysins 5
28,8 4 s

Liquid-Liquid Extraction _:s,
Takeuchi 4xJlbo -

Gas b a5 ol adlhae a4 Takeuchi
Syl ke oeni gl w3z gy S g
ook lp GC-MS b el s (As (TID), As(V))
isls el (T yed St b agzlye 5o (Sosslon
o9y ool gl 5 sle Frie g, cnl 5o
b Sl 5l S Jlesl b ol Ses 5 Fukui
a8 el glinl Pl i 9 dged x> alS
el Kool g ls 5138 o)l Josllygins 3l 5 g
5T Alomil b ooloiiny s, Cdolioms Wb xi

16 Standard Reference Material

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

0hBss g (b5 slabs

S lllas gl oS (egd90 S (oo cenlio )l
ey (o0 B 4 (6908 (seges Cedles S iilog
S5 wiges slp B8 (slad by, (nl jo (reizren
Jilis 4 L SPME 3 jee Jsb b ab sl
[2ds ol Gl dses (S5 5l b agxlge (il
9 e (g2 ) m B Slga 5IUT Boybo 5l gy cmo

A Aol saads oiolejl slo e

v Ly, g el gl sl 3y,
Microwave-assisted
Matusiewicz albs -

o4y by, Gae L Matusiewicz  adlae
094> )‘J.S.c Cyars 6‘)‘.‘ dgos (65w oolel calizes sl
b Soiodom pime ud 8, lge 10 (Jare oge> 9 IS
@ anlllas opl ob sl CVAAS LSS 51 aoliaal
Sl SByre o Shos 5l pe gl aalie Jlne S (lsie
gusl gl Zlydeinl gy b ol e 0l colainl calizee
Do (oo Dgme Jole JFIo 4y 0g> Jlil (ol
HCIR,) ol Gpme ¥l osal cowd 4 b
o a5 ol ylis caliee HCOOHP(TMAHY)
S 9 JS 05 380 eend ln QLS 4 (S,
JT ol (CVAAS alinsg 40 piime uifd, olge jo
Iy oguz o cdale yoss o) by, opl
INCL PN S B YVE 0 PSR KV W) I IS W0 PR W
ST 5los,S SiSS e 41 goleidiay oy LT s,
o5 slKiws LAAS olKiws G 4y s ol gzl
Og b gleaily g (Fobu ols 5l esles 05w e
sla Syl (Fr o BSPleg)S slo by, 5l eslinul
oger Sleogas 5IUT (oly o sl olortin s,
kol Glo Ty el (B (Sojelem slo diged )
@ 15 Conl diges (gl oolel g lwl 8,0,l8 Lol> b,
Y KPPE S I E W U Pp-3 R E

13 Hydrochloric acid
14 Tetra Methyl Ammonium Hydroxide
15 Formic Acid

AP


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

e (338 1030 0123 1 (AsT00w sl wass silw o3LeT (slo (sby) a3

oS By it Slerlye o Sl (ojglan
Sl oy @l bl el odal AMS & g
(35 ojlwl e 5o g led (o OVl i8S ol
ool o Segla slo digai g5l wobel 5 5]
e ol 5 Lol ol 4238 lonil Calies (glo il
3,lge yoogdle a4 wiws Slllas I Sl slass Las
diged (53l oolal by, S damgi g (ngd 4 (3s0
Sl allislosl jaseits 5 LT anlyd oge caz
Sy50 A gy dy gl adlllas jo ail Ay o S
a8 Sgegn g B o] 40 S oa anslsy SVl |
@l ogy drwgi b 295 4 pladl e diged (55l bl
Gl by, ez 5|l o0 Aiges (g3l 03lel & il
G495 4 OlF (o8 (s 990 Dlalllas yo eslinl 350
4355 by, Back Extraction SPME SPE sla
Ultrasonic.DLLME Microwave-assisted
o,Lsl o ,ue g FI-CCV-AAS (Extraction Procedures
o,5
Wy asddlas o (Y0) ol,Kea ¢ Schlathauer
Gy aiged lp oz gl wes by, Sl oS
CV-AAS s, 5l 55 bl ol 5l ogez sl 5
5 osex ke (el ln iy 4 SPE )
299y ol oelel a5 S solaul e aiges (g3l ool
3l sl wiged jlogezr (silulaz 5 (Al (651 moxr
L oo ool adigy Jbd lliw dlge Jolo @ o3l
YU )5 b sl 5 2l sl s 4 S &5 5
096 il Silelaz 5l Ghe) cnl 5o el (o0
b oK hwg (asis wasS zlzaul esle
)5 0gh o el (AFS) o3l il ysls i
SlaglesT b goleriny 29y onl i el 5 oo
<83k ) et Sobel (Al 0l 8Lk (e
b ogu sl cdale anlio L g (96.13£5.347
5ol Cawas polie b (Bly 1ol sla diged 40 0al
B ool Dl (i b by gz e sla b,
o ool s glé s il 5 (CVAAS) s

AR

@l &5 08wy (GPPSS g Lo laitiul e
Sy ey ol B oo sl (S el Caws
lize glo Jou 3l eolawl b Slatin o oy, opl yo
V¥ 5 (TGM™) edles JoSd5 55 BALY wsils
GC il 5 il U sl M Upeiaalysy
e ol jo Syl sla 4365 ol 15 ol eoliiul
Bl 98 by, So eoleiian () (nl s 13
mle SS5les,S culae p oS ol 48,0 4 50
03,5 ade Lowdly g0z (i b LYL SIS L
2l g @lolis )0 VL Olg 5 sndy GRS 5l
cslin gy s3IUT sl g 009 195 5 LS
D alse 0 (Soden b sl Wl (o0 5 Sl
o =

@ dessw 5 o) Sl SO (Seiddse b
SOl (oo oo DLS S L (B agzlse b)) jslaie
5 Soislons oo digai o b colll oS clale Lo 4,
3 TRVE ) sl Aged Lg)'L..q oolal ‘UAS..».).TLA RHIESRY
&S o3l Jolpe 5l (Ko el (65500 s 4l 5T
leard 55l 0y Jolse b o8l agrlse ol 231 5
(e DI L agzlge plKin o35 jokay 5 )15 Lanone
il sla s, Gab 1o iges g5l solel al> o
il oo 5T (gl olSus by (6,5 o5l plonil g
CES g e oS b Wiged (g3l oolel an] 3 ST I
S5 o3l g (wnd anlp p0 alpe n aae LS
\)).._i.v ral.’)u‘ wb}&ﬁb)# S| @L..o...m chct._i).
Wged ;S 335 Sjygar | Hla 990 o0le Jlade plgs e
Lol agle 30 Glime il 9 05 et o
s 6 sle bame 5 1) bt sl by Jlse
2,5 azie olg

5o o bl WYl bl 5 Oldy> VY Jgu o

sl digas (g5l oolol (gl o9 dxwgi § (2905 i

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

T % Az b (ead gl gl dged 1) b
P Sln e e eSS Vs VO O slle sle
AL AR plebl whaw b (Jlgie 59, 7 sl 59,
4 39y Dysar B9y Sl rizren el Ces 4y
or 09 $ligy Sygar g (Jlge 59, 7 sln ) 59,
5 Klg oo gy pl &S ol lad mls 285 8
olie BT (6l diges (3l oolel Jolpe 65l ool
e ke slo WS 5l 5o Co(ID) suslesdl
e bome 5 i Slerlye Slion )
S5 8 solatul 0,90 (Gimel CoBidge e el
pols addllas )3 oads (g3le atne bs; bl 5l (S
Lol 555 o0l oty il )5S 192 YU o) 5o
A oyl B o s 4 AAS ol b Conlu>
(500 5 S S | o il S asilgn, oS
@l diged sl ol 05 cond a5 ool llie
| u.>l) 9 90 ‘)‘)O‘ ‘5.:5‘3
6 adlhs G o (YA) o) ¢ pols pioman
gl el an b 5o e lo el o5le atge 4 500
o) 90 SHE awlie pemw 5 SPE) wal> 16
5 Llis i (liee 50 )00 095009, 9 XAD-T7
> sl Saigloe sl ases 5 IS (g3l
S M S | S e gy anlllas o)
A Hokiie 4ol ool ((gleandig SUI g, SO)
Syge 5y 99 2 slr B oy slayull ile
Slged35 pll Ldss i ol SPE o solau
Oialesl 950 alies sl po alflaz sk el s
ok ol il any HgESB G 5 28513
aige polie bl 5l am ol Gkl sawl Caway sla
(G QL.:;.»"LA)’] don 10 el )b cpl el b o 6l
Ay by, owlel s 318 colaiul 550
S " e LSE sl GhalesT bl ens (sl
"(Day-To-Day);s, 4 35," ¢ "(WithinDay);,,
Grd e 5 GRS L85 IS ) 05
Co gy 99 o 3l el b g, cnl Gl (255
sle wges jo JS5 cdale ol Cands wyge Ll

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

0hBss g (b5 slabs

o9y ol yo cd S 18 0ol 8,90 (CV-AFS) 0,0
0 sl o bojo Jhol S5 ke 5l ege 2l
288 a ol YU SIS b il ) eslinl b aido
win S U le dged (INSK)ssle 035 4 4z g L
2ol b Iyiome )3 (St 655 gad claoee slos 5o
sl Hbl g oo it o s samlive wxJUT o
oo ;o Gy 4 as cl 0B oleiiny By, &S
gl gloyea joha 1) ogaz ol (6525 wgei Joro
3550 @old 1y ol 5 g xS Wged Sy 00,8
o o2 ond jgel g Sl aliwg 4 &5 g9 4
iz gl b diges aalllas ol jo 05 ploul wilgs
& &) om bl wad IS 0oy & O jgar ole
odnlie b o ;o &y90S 5 Sold & o dged (SO
Jsb o ol caaS usi saime lis opl a5 0
Ol jskaie 4y plply g (65l 5 5l 033
CV-) slias (g, b odel cows 4 mlis oo )
olsie 4 55 CV-AFS () 5l lojen s (AAS
Sl dged )3 05 e artis Sl (8, by,
(V0o eolazwl ol
aag Olye bl adllae 5o (V)L g pol>
polie pns sl SPE) wsl> |6 zl5el o5l
5oslizul b Sysslses slo aigad yo (D) LS S5
@l wigas (g3l 0olol sl i i 4 VoY 950095
s SPE Glo g, 5l <ILS laike e 5 (Selse
L58,5 solanwl lowklge alad 4 e FAAST
@le i 51 Sy Gl dig polie asllas nl o
a8 )8 VY 095909, (i) Sibe a0 S
i 3,150 (nl 0,5 L a5 (g7 s el s &y ivg,
&ly SPE 05 5o 1) aml Gy Ol (o0 cous
2 g oolatwl 0550 (So5edam b Wged (g3l sole]
FAAS L cIlS Jlade s g 605 o)l camcs
ojlail ool aigy hg, 3l eolaiwl orw loel clils
wged 5l osliinl b ol o (D) <S5k (o 5
5 lisl (gla iie 5 0 bl ond Soleal (sl

20 Flame Atomic Absorption Spectrometer

Alc


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

e (338 1030 0123 1 (AsT00w sl wass silw o3LeT (slo (sby) a3

sl aigas W oguz Wl g, ol 0 b
e d HB e Gn gl o0 enti i 0l
] g T Jslo 4 oaze § A gl 5
sl @l amio ooy mSI sl eolatnl b doles wias
30 D et 0gu> Slade Db Oly365L L oall ZMLa
Oyl coud (g3l ange glFl 55 alys
5 Ve 0 gl Lol sl dges (gl o laslinl ol
sle sl solasl ogm 2 0 p )T 9,500 V0
oo lasli! 5 eslawl b o laskiw! ia158] oy gul S
b 5l @V g il p S See Ve b o
(N=5) /233 b /29 o (Ko oo Ll o
3 e cwudz g, opl 40 0gm Lastid ax il &)
285 18 Sl oy9e o Sl e 5 )bl L
3 yeS o)l g jekay ol lid vl ey LS g
She cllag olosle lawsd oo o alin] w>
oaimd lis 1 aS 0g Lol o Jloy gz Jlade slp
bl 5l el oleiin Ghoy orl 0o 3l
2Bl (o0 3 ol e a4 Vsl (soleiin by,
Wiges (Gilw oolel JSTg, 10 09 o Eel A o
Loy o Bl cunl W5 &8y a5 o S5 >l
Lol ol el 1) sguz ol Caws 5l Glas IS oyl
g ool plol dadllas oo pll slo oy p 3ol
SPEs ;I a5 ceul gl adllas gl « Fernandez
sl 00l oolaiwl 1ol sl digad 10 0guz puasi (5l
S g oo g At e 5] sla oKiws SPES
SPES (! 5y ogde 0,5 gdo |, la ] cosliiul LS 5
Mo &3k b e o] ol il s LB ool 4
QIS o et a1 09> laGe g 005y 0ol
Olgie b aS gl adllas o (YF) ol e 4 Yuliya
3loslawl b yludl (a3 10 0guz slo digS (6,5 ol
TSID-SPME- | 45 4w Solewl Cgign! Joloe
5 9N 4 pladl wols plxil GC-ICP-DRC-MS
ol s G35 e Sapglesn gy o sy
Js ,o EtHg MeHg dHg polie 5,5 ojlusl sl
ool 58 g0 5l asdlae opl jo ais,S Lludl e

AO

9o 5l eolaial b (3L g 90 LDOlS,E (Ssls
F osgamme o ale bbb S5 ad e (0255
XAD- (5, addllas ol o 0l zZlSealZ V-
ool (g5l eolel i g yieS o e Jdo & 7
slo Giulesl @l V00 0555095 b amlie o
o SPE a5 5,5 0l addllas ol o arogs (o
Slp ey 4 sl Wl 5 diged (3l oolol g,
@ Somd b bl g (Soielem sla S5l
)l gl —mle gl (g, b e S5 ple
slazel BB (23g, oud (s3le aie Sha, ecnl 2 ogdle
odlu ;3 Zuddge b il (oo oS el 48 p0 @y (9,80
polie 5IUT Gl b diges o3lw oolel al 3 (o3l
sphie 4 wdlBe sla WSl o IS eniledly
39y B 4 e 5 (b Slelye S5

Solz 5B glsul by, ol (g9pe aslllas o
5 digas g5l oolel gy 00508 5 ls2x SPE)
o S5 Sldlae )3 esliiul 3550 slo gy (e
S5 & g o ol Yo Cntege 1wl Byxe
5 sheme slo dged glyl sl gy cnl 008
3 P 3l e 45l poe Gizmen 9 (SSolo
TA) 3,5 ojlal (bS5 adss 5 silulaxr il
o L3l 5l eslital oI5l (353 3,10 » opdle (FY
WSk VA ()5 (JW8 ()5 e i 5 £oiie
P9y b glel anld 0 0 5 (u)S sle gl 5l
S 5 Cargme RS S 5l oly o o, SPE
il oolel (sl gy poles 4y Sl (g, (nl 00 5
(FY XA casdlo diges

aS gl adllae yo (YA) 4, 4 Fernandez
Wgad ) 050z Guend lp 1) oz by, wsls bl
Wud> by, ol o assls @l eais an ol e
Microvolume 4 IL-DLLME?! la g,
5lg da diges g5le eolel (sl back-extraction
el b ons ol ot lo (gl dmio slasg S
oolisl (g 2alds 5JUT plool (sl,; (SPCNAUES) S

21 Ionic Liquid Dispersive Liquid-liquid Micro Extraction

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

waseis Gl CVAAS w5l o solatul dges
Loasdlaos ol jo ledy, Coro o oolaiwl g lade
goim] 5l o0l a8 5 o i d, oole ¥l eolaiul
DORM-2(Dogfish Jols a5 sbls Lo colibios
TORT-2 4 DOLT-2(DogfishLiver).Liver)
S8 aub 8,9 oe (Lobster Hepatopancreas)
ot Sl amlie jlone Sy plgie 4 adlllas (pl 08,5
oals oolaiwl 1s5LgS sla Byme o, Slee Sbj,l
@ o5 Jnl gl p gl ol Zl 5wl (o9, b ol er
5 odel Caws @ bl 0gd oo Cguie (Jole JSls
HCL. HCOOH: TMAH) >l zuul Gpao ¥
O Glp ales A Jhg,y e oS ol las el
Ol gy (e ST ol yime 8 Slga o
S lastiwl 51 oolatwl fyaws 1) oguz Juie clale ez
(ol oy 5lUT gy S o0 @0l 05z Jne
@ hid 5 ansly glsl SSeley S S5 e 4
Sy o oy oKiws 4 pe AAS JKiws S
ookl feay YU leadly g Solw oyls 5Ls eoles
9y sl T il (Fr (BT PlegS sl SIS
Agod jO 0guz> uLuaya} J.JL:T Lg‘)‘f FLg 6$LQ(W
ol (Fis SIS ol Ul ol IS Sojslser sl
sl odlel any T 5 ol 0,08 4 bogypo 0l g,
Sylai leal S Sl gilulas 415wl diges
el )57 (g, S l(F e 5 (5 5m0 anlllas ;o
Ot Sl S b bS5l 5 Ol e
aS wio,S &l ol sl diged 0 IS 0gun e
sl o olKtglosl yo 1) 5UT slasls ples Wil oo
FI- ag) 5l pshe nl a5 ams @l ol oo
il jglaie 4 by, cpl H0 .0k soliw! CCVAAS
Olye 4 Fe™ it 5,5 b S oz s plond
igas il oolal Gy clpl 5 28l (2al38l 595061
0gu ol (3890 3 JUTaS ols ol andllas oyl .o B3>
o2 Al O o o bSO a9 (S

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

0hBss g (b5 slabs

oolel sl (SPME) wal> 56 zl5eul §,Sw i,
Sl BT les S I ol | s s 5 55l
o lode Ladis sl ICP-MS 5l 5 sjllos
SPME i3, ;0 5 sk 0l soliiwl o aiges jo
Ol S e Cenid o Pl 5l ool 4y 55l
Olo b ol Sl (6525 diges sl (2VL LS (A,
4zlye paile, Jla> 4 L1, SPME 8 jee Job
Gl ol )b asllas (pl o 0ls sl 38l ciged (W5 ke b
ae e s ool e Sy S ol ¢l GC
TSID S o i (o9, 02l 50 Gizeas iad
209> 3,8 4 pamie slo CobB L Culy zody
CS dged SaST cdo ool 4 annds ol
golaws 3BT 1S5 IS gl .ouS” adé oy SPME
oS ol (55950 S0l Dlinlej] o (g5 sla digas ||
o )lisd (i £,5) 13,5 ol 5 o ez il
o5 sl 455 mlale (5 sl el suilen Bl sl aigad
oolawl b ol p 8-olezil JSw O 5l G 95 o
oo 9 G855 9590 aslllae (pl )5 00l gy b
odal Casdy sl cdale a5 oy las mls 285 I8
o slacnl S 0 5l any 5 05 sl 55 ol
Cono D 00 i (5 el S 00gdmme 0 (s
dgad g pixe (i By Olge 5T Gyl 5l by, o g
ool g llcd 3 18 auli 550 ¢ canass ulesl o
ok 3 gy cnl o8 il il s
o g aladi b oleS 5 sl el Jods a9l
S Cowlas sl S5 gleg 55 5l eolainl oS

(FF-F0) el oals dgaze (L s
bl Olee b gl asdllas (YY) Matusiewicz
057 e lp Aigad (53l oolol bz (sla (g,
plnl (So3dge yine 33, Slge 43 (Sdne 0 5 S
Wged mad Sl 99,5l SaS A i g, 5l ol
b gt Slie p Sgl gl gl 2ol (g s 5lils
Jolxe g 090> 7zl 5wl 44 S5 (5| ,JHCOOH sHCL
Sibe oolel slo by, plyie 4 TMAH? | gl
22 Tetra Methyl Ammonium Hydroxide

A


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

e (338 1030 0123 1 (AsT00w sl wass silw o3LeT (slo (sby) a3

=) 59, olea ;o MMA 4 As (V) L As (III) ;|
595 4w 5l Gl slp 9 Goy Job 50 5235,1,58 41,8
M8 2l o)ge (Wlis, 5,235,158 1,5 7)) Jlge
BAL (slo gl ol aslie b 2l oliwo .5
Sl sla aiges .o MMA 4 As(V).AS(III) ;I grse
Sy 5 s o slas Juilinl les b snd Syl
ool b olaiioe by, ol 5o 0l el hg, len

e JoSL5 o5 BAL wiile alize sl Jou )
53,5 Ul sl (PDT) Jgwsaibgp ¥ oV 5 (TGM)
S gl w355 ol 1y st eolicsl GC 5 LT
(S35 B9y S oleiiay by, s 1 s Lol
gl BlS5l S colee pas cul Gyl 5 (bl
03,5 ade Lowdly (o) (e AL LYL LIS L
by plolid ;o VL ol 5 spdy S
cslin (3gy oIl gly wog jloy05 5 LS 5
S glge )3 (Selen Ol gl Wl (0 9 ol
A3l asbe I e Sy
& 8 ami ol oo ) sz @ a2g b
Matusiewicz ~ Sommer  .Schlathauer
59> Sldlas ;o G ,» Sabouriy Fernandez
Pl (ogazr 03UsS Elgl) ogaz jlade (sl Sz
Lalid sse Sz 2l by, A b i 4
Ole Rl s il el b b aises (g5l ool
03,5 o4z Jade Al gl by, Corwo ¢ Zd
&l oolel wl 3 o ol Ken § Schlathauer .ol
L ooods candigy e 51 ol o 0 (sl digad
ohg, b ol el )15 cplas wss )5 solasw] b &l j345
o (6l g 5 el g, S o ] (solgrity
2 0l5 oo Oy ol b aS 95 4 05l Slaeld ogea
> 99,5 $x5 o)l ]y og ol (655 iged Jore
oy [ajgal ol a4y (65l gz (55 o5l jslaie 4
anlllas yo 3 o, Ko g Fernandez .ogs oo ,olo
Adgs o odpdigy Mo Dl 3gil L aS Slaog oSl 0e>

ESUowe] ‘9.: 9 \.\30; oolazw! 0gu> )‘.\ia M.u 6‘;’

AV

S5 o3l (oled (sl (rizren Bl (oo pdy G
Joxe (AAS) ol miw b S 5l (JLKw sl
ooliiul ogu WS gIla LY 4 jexe Varian AA220
NISTSRM jl eolatul b (solgin (g, Como .o
033 gu o lailiwl ol slo diges 5l (g G a5 3668
W (rre Soalad pae Lol g o8 o cdale o
Sl e 3T (sla JiSs 5,5 5 ol 5,50
ol 3 Sl s e bl STy I eser
bz T i 5y ) osliial b oS el s,
e S B 3g5 b olren lpl SSle
o5 5IUT 5o cadbaa b g, ol el caws 4 AAS
SRM) yime 5 b )0l sl diges jo S o
Shacd; )5 a o Josd BB bl 5 030,155 L (3668
5k 5 Ol S oS cl Gl ) sbilse alox
Gl osbel wnlyd Dlisz 5 adl oo Canny bapme b
23 0l Sl Wiged 13 S 092 epitians 5T (gl iged
ol o 4] g, o
L as &l anlllas ,o (F)) ol Keo 4 Takeuchi
e Sl s sl 5IUT (g, S ang Bas
TS| Liagiyn a5 As (D), AS(V) ¥
b9y 3 sl plasl Lol (Susslse (el ;> MMA)Y
GC-jl 5 wiges g5l oobel sl mlo-pole zl el
ol e 60,8 eolatuwl Sl ki gl MS
Fukui g, wlelyy glpenl 5 @il Gnie (b,
o 8IS lss Sl f B Jlael s oS 5
el i ol il P e 5 iged
YL FDA- Joallygiss b gllas goloiioy (b,
oo g S polie 23,5 I8 (pw)p 990 cutie
el callae FDA slojlxs b goloiiiy (b,

&z Slse 59, 5l plonil b goloiiay gy Cmo
s lasbiw! Lo ginsl ) Y££4 (SRMP) o lasten!

IS ol Cowdy b a5 Wl w0 (65965

@S gy el iS5 lls by, (ol (S Come

23 Inorganic Arsen{c
24 MonoMethyl Arsenic Acid
25 Standard Reference Material

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

rle Bld 5l oS Slils (S sS4 4z g5 L
zl il 8l &5 ls (g0l caplins s, 5 SO SUL L
3,08 392 diges (g3lw oole] sl g, 4o Ll ol jen
63)lge iz 5o Olalllas anslae Sl 25 ol b
Wz lp ) JSon S ols oo &y 50 9 9 2929
adlas ¥ 51 G s 50 Lol oges solaiwl dilive ol au 518
O g @lelid Suz ol (Sl e g A
i 4y dzgi b g Wl aiBlo py 0hg (S 18 SO lade
e o (hg) 4l g (o) p 9y50 Sl 55 o
aw cpl jo alle ol jlade askid § g5l eolel gl
dslie )l 1) el a8, IS @y a5 0,50 Slalllas
oSS e Ll o)lad ez g Soes b Sldlas oyl
Aid coge S (S 9 Sluogas il cldlas
OhSen g pols i 08 4 jasie e g5 y0 aS
S Sl 8 il ange 4 pladl 093 aslllas ¥ o
SHAD LS 5 U5 sslelaz anlp 0 SPE
wan 0 &SIl ;0 W8S 53U g 90 0l (gl wges
B b dne 9)90 Fge el )l 7B Ll (Vs
S5 slelar SIS Gl sl & iy 35
5 o 03l V10 ©55909,5 9 XAD-T (355 90
Al ool 1y 3y 90 ol 5l eolain 5l Jol> gl
Sz polie ilelaz sl g 6lp Ll s )S
2 oad o3l VY 0959095 () 3l LS LS
sl B 0 sl 5 g, o SPE wdlhs mlis Gub
g boad 3l dige s, 9 Sl Aigal (53l oolel
BT sl diges g3lw solel ol gilw sole @
sl & Cand o8 e g eolinul sl Sogy Sl
3,08 (65 g igas (55w oolel sla g,
2 el g, S Wl L ) S 4 Takeuchi
oolel (sl Liquid-Liquid Extraction _sg, slwwe
MMA,) s_i».m:)—‘ SLaS 5 i gl cdiges (g5l
oS @l 1y gy axaslys o0l o (As(v),As(III)
ade b S L be (B 5leg S b9y culae 2 oS
SlaS 5 amb 5 @lebid o 63V lgs 5l g 008

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

0hBss g (b5 slabs

‘)‘)Q‘ o ‘) 0gu> )‘»A.O.A w‘}u FLERVELY u.)gw gS“"ﬁ)
OLen g Sommer daalllas ;0 0G5 Crad &9 o ok
3leolawl b oyg5 40 05z Jlako sl gl 4 G
Kols zals 1) aiges 56T ey Jsb SPME 08 g0
Aiiles 095 (golgiinn (g, 3l eolaul b s jo
Pla> s ) axms o331, SPME 6 e J5b
Gey S Gk orl g (ged 5565l b agzlse
9y g olKea 3 Matusiewicz .sols axwgs
@bl gla diged 0 0gux ke aid lp |
5 Sole @ ol oo o] sla (Shg 5l 45 a8 (pga
(S gleg,S o SuST 3l solawl s YU lendl
Wiged 55w oolel 01,8 j0 aSul b axgi b .o ,S o Ll
Ot Ol b ol eolatl b Byre (58
dges il oolel anld o |, adllae cpl Sy
oyl ol WSS gl gilulas a4 a5 1> cls
lp Gl alie Jlae Sy addlae (nl (LIS e
ol 0 b Gyme jl coliiwl plSa o 500 lallas
a5 oy by, 40 0gd (o6 Cgtte lbogs dsllae
&l ogux ke s Gl pog> adllas ;o Sabouri
@ b9y S 9l oo p I a4 b cudly ol
@ 63l 45w &l ) Caj lame L 55l 5 ;)
cpbians ol Wlgioe g 4l diges (g5le solel oo
WS ey )0l sle diges oy S o

ezt b (Shs lylo (358 axlllas O 5l plaS 2
shulyd g gla Sy cnl bl 4 a5 aten g0 5 o
ly adlle SO ylgis ol Cusl (oS> o (] aalllas a5
@azg baS Ly cudls Jup g Fn 500 sl adllas
il oolal gz (o yiws ;0 SUISG! g4 ¢ udas 3 9o
woliiwl 3550 (So5elgmr Sl diges g9 o diges LT
A0 3R ¢ g ywd )0 (69, § aast (i ddlllae Bua
Oilple g og walyss adllas plxl Cuz 398 sla
Sz 90 929 ol syl Bl &) gy SG (Sl
3,5 ol dslllas plox!

AN


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

e (338 1030 0123 1 (AsT00w sl wass silw o3LeT (slo (sby) a3

20 810058 0 )5 (raizma g Sl @ g ol b,
@ eg il 30 (Su3glom 5 are sl diged gl Pl
A (Byme diged (g3l oolel Ghgy cn 05 n sk
g axwgi b aS Wlools (las gy 8,90 Olalllae guls
Onizmed g diged (53l eolel il (slo B, (pgs
o o hlde Sl gl e g,y (ol 9,5 (gelais
995 97 dpe gl ol gl ane o oo ol
Gl ooblel Ul e (g3l ool g 25 Giolidl cel o2
Cordy 383 et b (Bob 5l ol b dses (ansis
walizee Lol oo Lases jo I8 lgil b ol 81 agaloe
Sguts Sz ;o |y (65 cemlin yulws g Olaladl les o
Aol 140 0 g 3561 paias 305 b ol 3l agrlgn J iS
3k oslel (sla g, cpgas jslate 4 i Slalllae
WZlge Cundy S99 pAartiS 0 WlgS (oo oS iges
o0lS S ik (gl Lao o (i 3l3 L ol 3

D9 (o0 dpog bl

REFERENCES

1. Khadem M, Golbabaei F, Rahimi Froushani A, Shahtaheri
SJ. Optimization of solid phase extraction for trace
determination of cobalt (II) using Chromosorb 102
in biological monitoring. International Journal of
Occupational Hygiene. 2010; 2(1):10-16.

2. Chen H, Teng Y, Lu S, Wang Y, Wang J. Contamination
features and health risk of soil heavy metals in China.
Science of The Total Environment. 2015;512-513:143-53.

3. Moradi Q, Mirzaei R. Spatial Variability Analysis of Heavy
Metals in Street Dusts of Kashan City. Iranian Journal of
Health and Environment. 2017;9(4):443-56.

4. Keshavarzi B, Tazarvi Z, Rajabzadeh MA, Najmeddin A.
Chemical speciation, human health risk assessment
and pollution level of selected heavy metals in urban
street dust of Shiraz, Iran. Atmospheric Environment.
2015;119:1-10.

5. Wei X, Gao B, Wang P, Zhou H, Lu J]. Pollution
characteristics and health risk assessment of heavy

metals in street dusts from different functional areas in

A9q

5 @Sl by o eedleidan g, Bl 1,05
] wl.o.‘o g, Lgl.(b).JlaT 6‘;3 PRIY, (.)‘))‘

G5 dmis =
sla Jlo (b )3 ol (6590 anlllan bl (ulal
Gl by, 5l ol cilizes lalllas o YV L Y- 9
wigas yo Sl 2l sl (gl diged (g3l oolol Calize
gl Lol ol o oolicias] _ams 5 Syjeloms ol
g lo sp dblpe shls o oy, ol 51 Sose Sl &
Wges il osbel glo by, plo @ Cod (mle b

Sy 9 b by (ul (LS Gl jolaie 4 14 arts
aw o ki do bl Jake et 5 maieis
an (g g dawgi 4 pladl 093 Slalllae I g0l
ok oS Slllas olaws Ll il 03,5 s bs, ol )
ibe oolel sla by (g g drwsi & oolans
Bgad 10 Bro (Ol Si> polie gl seiul gl aigal
o5 ke bl adl polaisl il (Soiglen sl
Sy aSu) 4 425l SPE g, sllae ol o

Beijing, China. Ecotoxicology and Environmental Safety.
2015;112:186-92.

6. Garcia-Lest6n J, Roma-Torres J, Vilares M, Pinto R, Cunha
LM, Prista ], et al. Biomonitoring of a population of
Portuguese workers exposed to lead. Mutation Research/
Genetic Toxicology and Environmental Mutagenesis.
2011;721(1):81-8.

7. Shahtaheri SJ, Ghamari F, Golbabaei F, Rahimi Froushani
A, Abdollahi M. 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.
2005;11(4):377-88.

8. Shahtaheri SJ, Khadem M, Golbabaei F Rahimi
Froushani A. PRECONCENTRATION OF CADMIUM
USING AMBERLITE XAD-4 PRIOR TO ATOMIC
ABSORPTION SPECTROMETERY. Iranian Journal
of Environmental Health Science & Engineering.
2006;3(1):45-52.

9. Alpendurada M E Solid-phase microextraction: a

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

promising technique for sample preparation in
environmental analysis. Journal of Chromatography A.

2000;889(1-2):3-14.

10. Shahtaheri SJ, Khadem M, Golbabaei F, Rahimi Froushani

11.

12.

13.

14.

15.

16.

A. Solid phase extraction for monitoring of occupational
exposure to Cr (III). Anal Chem Insights. 2007;2:125-32.
Mako$ P, Stupek E, Gebicki J. Hydrophobic deep eutectic
solvents in microextraction techniques-A review.
Microchemical Journal. 2020;152:104384.

Spietelun A, Marcinkowski £, Guardia M, Namie$nik J.
Green aspects, developments and perspectives of liquid
phase microextraction techniques. Talanta. 2014;119:34-
45.

Sajid M. Magnetic ionic liquids in analytical sample
preparation: A literature review. TrAC Trends in
Analytical Chemistry. 2019;113:210-23.

Selvadurai M, Meyyanathan SN. Determination of
deflazacort in human plasma by liquid chromatography-
mass spectrometry after liquid-liquid extraction and
its application in human pharmacokinetics studies.
Pharmaceutical Methods. 2011;2(2):106-111.
Xiao J, Wang T, Li P, Liu R, Li Q, Bi K. Development of
two step liquid-liquid extraction tandem UHPLC-MS/
MS method for the simultaneous determination of
Ginkgo flavonoids, terpene lactones and nimodipine in
rat plasma: Application to the pharmacokinetic study
of the combination of Ginkgo biloba dispersible tablets
and Nimodipine tablets. Journal of chromatography
B, Analytical technologies in the biomedical and life
science. 2016;1028:33-41.

Ferrone V, Carlucci M, Palumbo P, Carlucci G.
Bioanalytical method development for quantification of
ulifloxacin, fenbufen and felbinac in rat plasma by solid-
phase extraction (SPE) and HPLC with PDA detection.
Journal of Pharmaceutical and Biomedical Analysis.

2016;123:205-12.

17.Dubala A, Nagarajan JSK, Vimal CS, GeorgeR. Simultaneous

18.

quantification of cefpodoxime proxetil and clavulanic acid
in human plasma by LC-MS using solid phase extraction
with application to pharmacokinetic studies. Journal
of chromatography B, Analytical technologies in the
biomedical and life sciences. 2013;921-922:49-55.

Bojko B, Reyes-Garcés N, Bessonneau V, Gorynski
K, Mousavi F, Souza Silva EA, et al. Solid-phase

microextraction in metabolomics. TrAC Trends in

1100 )lgy /1 a)ladd /11 la 5 giay) § Cablagy aslibing

19.

20.

21.

22.

23.

24.

25.

26.

0hBss g (b5 slabs

Analytical Chemistry. 2014;61:168-80.

Zhang X, Es-haghi A, Cai J, Pawliszyn ]. Simplified
kinetic calibration of solid-phase microextraction for in
vivo pharmacokinetics. Journal of Chromatography A.
2009;1216(45):7664-9.

Barfi B, Asghari A, Rajabi M, Goochani Moghadam A,
Mirkhani N, Ahmadi E Comparison of ultrasound-
enhanced air-assisted liquid-liquid microextraction
and low-density solvent-based dispersive liquid—
liquid microextraction methods for determination of
nonsteroidal anti-inflammatory drugs in human urine
samples. Journal of Pharmaceutical and Biomedical
Analysis. 2015;111:297-305.

Wang Z, Fang R, Guo H. Advances in ultrasonic
production units for enhanced oil recovery in China.
Ultrasonics Sonochemistry. 2020;60:104791.

Al-Saidi HM, Emara AAA. The recent developments
in dispersive liquid-liquid microextraction for
preconcentration and determination of inorganic
analytes. Journal of Saudi Chemical Society.
2014;18(6):745-61.

Lin H, Lin L, Xu L, Xie Y, Xia Z, Wu Q. Liquid-liquid
extraction pretreatment samples method used for
pharmacokinetic study of rhubarb in rats after oral
administrated. Journal of Traditional Chinese Medical
Sciences. 2018;5(3):291-301.

Alshishani A, Makahleh A, Yap HE Gubartallah EA,
Salhimi SM, Saad B. Ion-pair vortex assisted liquid-
liquid microextraction with back extraction coupled
with high performance liquid chromatography-UV for
the determination of metformin in plasma. Talanta.
2016;161:398-404.

Ahmed S, Atia NN, Bakr Ali ME Ultrasound assisted
dispersive liquid-liquid microextraction coupled with
high performance liquid chromatography designated for
bioavailability studies of felodipine combinations in rat
plasma. Journal of Chromatography B. 2017;1046:200-10.
Gao F, Hu Y, Fang G, Yang G, Xu Z, Dou L, et al. Recent
developments in the field of the determination of
constituents of TCMs in body fluids of animals and
human. Journal of Pharmaceutical and Biomedical

Analysis. 2014;87:241-60.

27. Shahtaheri SJ, Khadem M, Golbabaei F, Rahimi Froushan

A, Reza Ganjali M, Norouzi P. Solid Phase Extraction

for Evaluation of Occupational Exposure to Pb (II)

Qo


https://jhsw.tums.ac.ir/article-1-6454-en.html

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

e (338 1030 0123 1 (AsT00w sl wass silw o3LeT (slo (sby) a3

Using XAD-4 Sorbent Prior to Atomic Absorption
Spectroscopy. International Journal of Occupational
Safety and Ergonomics. 2007;13(2):137-45.

28. Shahtaheri SJ, Khadem M, Golbabaei F, Rahimi Froushani
A. Solid Phase Extraction for Monitoring of Occupational
Exposure to Cr (III). Anal Chem Insights. 2007;2:125-32.

29. Moradi SE, Haji Shabani AM, Dadfarnia S, Emami S.
Sulfonated metal organic framework loaded on iron
oxide nanoparticles as a new sorbent for the magnetic
solid phase extraction of cadmium from environmental
water samples. Analytical Methods. 2016;8(33):6337-46.

30. Omidi F, Behbahani M, Kalate Bojdi M, Shahtaheri SJ.
Solid phase extraction and trace monitoring of cadmium
ions in environmental water and food samples based
on modified magnetic nanoporous silica. Journal of
Magnetism and Magnetic Materials. 2015;395:213-20.

31. Krawczyk M, Jeszka-Skowron M. Multiwalled carbon
nanotubes as solid sorbent in dispersive micro solid-
phase extraction for the sequential determination of
cadmium and lead in water samples. Microchemical
Journal. 2016;126:296-301.

32.Ramin M, Khadem M, Omidi F, Pourhosein M, Golbabaei
E Shahtaheri SJ. Optimization of dispersive liquid-liquid
microextraction procedure for detecting chlorpyrifos
in human urine samples. Med ] Islam Repub Iran.
2019;33(1):429-34.

33. Breadmore MC. Ionic liquid-based liquid phase
microextraction with direct injection for capillary
electrophoresis.  Journal of chromatography A.
2011;1218(10):1347-52.

34, Behbahani M, Ghareh Hassanlou P, Amini MM, Omidi
E, Esrafili A, Farzadkia M, et al. Application of solvent-
assisted dispersive solid phase extraction as a new, fast,
simple and reliable preconcentration and trace detection
of lead and cadmium ions in fruit and water samples.
Food chemistry. 2015;187:82-8.

35. Schlathauer M, Reitsam V, Schier] R, Leopold K. A new
method for quasi-reagent-free biomonitoring of mercury
in human urine. Analytica chimica acta. 2017;965:63-71.

36. Sommer YL, Verdon CP, Fresquez MR, Ward CD, Wood
EB, Pan Y, et al. Measurement of mercury species in
human blood using triple spike isotope dilution with
SPME-GC-ICP-DRC-MS. Analytical and Bioanalytical
Chemistry. 2014;406(20):5039-47.

37. Matusiewicz H, Stanisz E. Evaluation of various sample

9

pre-treatment methods for total and inorganic mercury
determination in biological certified reference materials
by CVAAS technique. Central European Journal of
Chemistry. 2010;8(3):594-601.

38. Khadem M, Shahtaheri SJ, Golbabaei E Rahimi Froushani

A. Comparative study of nickel recoveries from urine,
nail, and hair samples using XAD-7 and Chromosorb
105 resins. International Journal of Occupational

Hygiene. 2014;6(3):101-7.

39. Fernandez E, Vidal L, Costa-Garcia A, Canals A. Mercury

40.

41.

42.

43.

44.

45.

determination in urine samples by gold nanostructured
screen-printed carbon electrodes after vortex-assisted
ionic liquid dispersive liquid-liquid microextraction.
Analytica chimica acta. 2016;915:49-55.

Sabouri A, Nouroozi S. Direct determination of total
mercury in urine samples using flow injection catalytic
cold vapor atomic absorption spectrometry (FI-CCV-
AAS). Rsc Advances. 2016;6(83):80354-60.

Takeuchi A, Namera A, Kawasumi Y, Imanaka T, Sakui
N, Ota H, et al. Development of an Analytical Method
for the Determination of Arsenic in Urine by Gas
Chromatography-mass Spectrometry for Biological
Monitoring of Exposure to Inorganic Arsenic. Journal of
Occupational Health. 2012;54(6):434-40.

Tuzen M, Saygi KO, Soylak M. Solid phase extraction
of heavy metal ions in environmental samples on
multiwalled carbon nanotubes. Journal of hazardous
materials. 2008;152(2):632-9.

Takara EA, Pasini-Cabello SD, Cerutti S, Gasquez JA,
Martinez LD. 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. 2005; 39 (3-4): 735-9.

Mako$ P, Przyjazny A, Boczkaj G. Methods of assaying
volatile oxygenated organic compounds in effluent
samples by gas chromatography—A review. Journal of
Chromatography A. 2019;1592:143-60.

Fuchsmann P, Tena Stern M, Bischoft P, Badertscher R,
Breme K, Walther B. Development and performance
evaluation of a novel dynamic headspace vacuum
transfer “In Trap” extraction method for volatile
compounds and comparison with headspace solid-
phase microextraction and headspace in-tube extraction.

Journal of Chromatography A. 2019;1601:60-70.

11€e0 ylgy /1 a)ladd /11 sla (5 gisyl § Cuiblagy aslibnd


https://jhsw.tums.ac.ir/article-1-6454-en.html
http://www.tcpdf.org

