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Abstract

Background and aims: Exposure to manganese fume in the welding process
leads to adverse neurological effects on the health of welders. The aim of
the present study was to investigate the relationship between biomarkers of
manganese exposure and compare the frequency of these symptoms with
unexposed group.

Methods: 35 welders as exposed group, and 40 administrative workers as
unexposed controls, were participated in this study. Neurobehavioral symptoms
data were gathered using Q16 questionnaire. Manganese concentrations were
determined according to the NIOSH 7301 method. The concentration of
manganese in blood of the welders was also measured by ICP-OES. Statistical
analysis was performed by using MINITAB 17 software at the significant level
of 0.05.

Results: The mean exposure to air manganese was 0.45 + 0.08 mg/m’.
Manganese concentrations in blood samples of welders (0.16+0.02 ug.ml?)
were significantly higher than unexposed workers (0.04+£0.002 pg.ml™).
In addition, the frequency of neurobehavioral symptoms of welders was
significantly higher compared to unexposed workers (P <0.05). The correlation
between neurobehavioral symptoms and blood manganese was significant for
welders (P <0.05, r=0.4). As a result, by increasing the concentration of blood
manganese levels, the neurobehavioral symptoms were also increased.

Conclusion: Due to the high level of exposure to manganese in welding fume
for welders and in order to prevent neurobehavioral symptoms, preventive
measures such as engineering and management control techniques are
recommended to reduce exposure.
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EXTENDED ABSTRACT

INTRODUCTION

Welding is a typical method of joining met-
als using heat or an electric arc. As electricity
passes from one electrical conductor to another,
electric arc welding joins metals and alloys that
have been softened or melted by extreme heat.
Temperatures in the arc can reach 12,000°C,
heating both the base metal piece and a filler
metal that comes from a consumable electrode
that is continuously fed in to the weld Welding
operations generate gaseous and aerosol by-
products made up of a diverse range of metals.
The Fumes produced during welding are one of
the most hazardous factors to a welder’s health.
Fumes are solid particles formed by the density
of gases after melt materials are sublimated. The
main component of welding fume is iron oxide
but metal particulates commonly found in weld-
ing fume include manganese, chromium, nickel,
lead, copper, molybdenum, cobalt, cadmium
and aluminum. Most studies on welding fumes
have reported adverse respiratory effects such as
stimulation of airways, decreased rhythmic per-
formance, asthma, bronchitis, pneumoconiosis
or cancers. However, there is little information
on the non-respiratory effects of welding fumes,
especially neurological effects. . The OSHA has a
permissible exposure limit (PEL) for air which is
5 milligrams per cubic meter (mg/m?®). This is a
ceiling or instantaneous value that should never
be exceeded. The standard has been applied since
the original OSHAct and was based on the 1969
Threshold Limit Values (TLV) from the Ameri-
can Conference of Governmental Industrial Hy-
gienist (ACGIH). This value is considered out-
dated and not protective, not just because of its
age, but also based on other OEL and findings re-
lated to the health effects. Moreover, ACGIH has
two TLVs for manganese, both of which are time-
weighted averages (TWA) unlike OSHA’ ceiling
value. The TLV for respirable manganese fume is
0.02 mg/m’ and the TLV for inhalable standard
is 0.1 mg/m®. The respirable fraction of airborne
particulates is those that penetrate the deepest
parts of the lung or what’s known as the gas-
exchange region where there are fewer defense.
Inhalable particulate matter is hazardous when
deposited in any portion of the lung and have
an aerodynamic diameter less than 100 microns.
Manganese is an essential component in the steel
welding process, which increased metal strength
and prevents steel removal in the production pro-
cess. Although Manganese is an essential element
for the body, but in high dose it can cause neu-

rological effects on the central nervous system
(CNS) and nerve disorders such as Parkinson’s.
Reports of adverse effects resulting from man-
ganese exposure in humans are associated pri-
marily with inhalation in occupational settings.
Inhaled manganese is often transported directly
to the brain before it is metabolized by the liver.
The symptoms of manganese toxicity may appear
slowly over months and years exposure to high
level of manganese. Long-term occupational ex-
posure to manganese (Mn) can result in a “spe-
cific clinical central nervous system syndrome”
called manganism, a severe neurological disor-
der characterized by movement disturbances. As
the disease progresses, a number of other neu-
rological signs may become manifest. Although
not all individuals develop identical signs, the
most common signs are a slow and clumsy gait,
speech disturbances, a masklike face and trem-
ors. As the disease progresses, patients develop
severe muscle tension and rigidity and may be
completely and permanently disabled. It should
be noted that manganese can affect respiratory,
liver, reproduction and cardiovascular systems.
Neural symptoms due to exposure to high level
of manganese include reducing response rate, ir-
ritability, mental problems, mood changes and
irreversible neurological disorders in prolonged
exposure. Fumes containing manganese increase
the rotation of brain protons, which results in
shortening of the brain’s relaxation cycle. Cog-
nitive-neurological changes, due to exposure to
manganese, occurr in the cortical regions, espe-
cially in anterior cortex.

More than 5 million welders around the world
are exposed to manganese fume. It has been re-
ported that in the United States, about 462,000
workers are classified as full-time welders and
probably this figure will increase by 5/. over the
next 5 to 7 years. Studies have reported high
levels of neurological symptoms and disorders
such as anxiety, depression and confusion among
welders. Studies have shown that in many weld-
ing processes, due to insufficient ventilation and
lack of safety equipment, welders are at risk of
the adverse health effects, As a result, the current
study was carried out with the goal of evaluating
the neurobehavioral symptoms of welders ex-
posed to manganese-containing welding fumes
and comparing the frequency of these symptoms
to that of the unexposed group.

METHODS AND MATERIALS
In 2019, a descriptive-analytic cross- sectional
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study was conducted in one of the metal indus-
tries in Babol (Iran). According to Hassani et al.,
35 welders as exposed group and 40 administra-
tive workers as unexposed group were selected.
The Q16 questionnaire (Q16) was used to collect
neurological-behavioral symptoms. This ques-
tioner is commonly used to investigate the preva-
lence of neurotoxic symptom among organic
solvent workers. However, a few studies used the
Q16 for investigating neurobehavioral symptoms
among welders. This questionnaire consists of
16 yes or no questions about abnormal fatigue,
burning and pain in different parts of the body;,
heart pulse, irritability and depression without
cause, the problem in concentration, forgetting,
sweating without a specific cause, the problem
in opening and closing the clothes button, the
problem in understanding the meanings of books
and newspapers, the feeling of pressure on the
chest, the problem in remembering, headache (at
least once a week) and change in sexual desires.
The important issue in using this questionnaire is
the impact of confounding factors on its results
which was tried as much as possible to be con-
sidered, so those who had a history of neurologi-
cal diseases such as concussion, prior exposure to
organic solvent and neurotoxic metals, Alcohol
consumption, using drugs and special drugs were
banned from participating in the study. Further-
more, the work experience of the studied groups
were approximately similar and there was no
significant difference between the work experi-
ence of exposed and non-exposed group. Work-
ers exposure to respirable paticles were measured
according to the NIOSH 0600 method by using
a personal sampling pump (SKC,AirChek 3000
Deluxe) with a 2.5 L.min-1 flow rate, air was
passing through an aluminum cyclone (SKC,
UK) with a 37 mm 0.8 micrometer pore size cel-
lulose ester filters bedding on a plastic cassette.
The filters were placed in the desiccator for 24
hours before sampling time. To weigh the filters,
a microbalance accurate to 6 decimal places (1 pg
sensitivity Sartorius, Model ME5, Germany) was
used. A blank filter was used for each batch of
samples to eliminate sampling errors. Respirable
particle concentration was determined based on
the weight method. Manganese concentrations
in respirable particles were determined accord-
ing to the NIOSH 7301 method. Firstly, the stan-
dard curve was obtained using standard solutions
with different concentrations of meals. Samples
were then transferred to the inductively coupled
plasma - optical emission spectrometry (ICP-

OES) apparatus to determine the concentration
of the metals within solution. By measuring the
sample absorption rate and comparing with the
calibration curve, the amount of metal elements
in the unknown sample was obtained. For bio-
logical monitoring, blood samples were collected
from all employees at the end of the work shift.
To prepare blood samples 1.5 ml of pure nitric
acid 657. were added to 1 ml of venous blood and
then heated at 95 ° C for one hour. After cooling,
samples were diluted by 10 ml. After performing
the preparation steps, the analysis of the samples
was performed by the ICP-OES and then the re-
sults were compared with the TLV-TWA recom-
mended by the ACGIH for respirable manganese
fume concentration. Statistical analysis was per-
formed by using MINITAB 17 software at the sig-
nificant level of 0.05.

RESULTS

The mean exposure to air manganese in re-
spirable particles was 0.45+0.08 mg/m°. The
results of this study showed that the concentra-
tion of Manganese in blood samples of welders
(0.16+0.02 pg.ml™') were significantly higher than
unexposed workers (0.04+0.002pg.ml™). The re-
sults indicated that most welders were exposed
to high concentration of manganese. Average
amount of manganese and respirable particle
concentration were significantly higher than the
TLV-TWA recommended by ACGIH for man-
ganese (0.02 mg/m™) and respirable particle (3
mg/m~). The results of this study showed that
48.6/. of welders felt abnormal fatigue, 25.7.
felt burning and pain in different parts of the
body,14.4/. felt heart pulse, 22.97. felt irritability
and depression , 31.4/. had a problem in concen-
tration, 407. had a short memories,22.97. sweating
without a specific cause,17.17. had a problem in
opening and closing the clothes button, 17.17.
generally found it hard to get the meaning from
reading newspapers and books, 25.7/. of relatives
told them that they have a short memory,14.37.
had a feeling of pressure on the chest, 407 had a
problem in remembering, 407. had to go back and
check things they have done such as turning off
the stove, locking the door, etc., 54.3/. had head-
ache (at least once a week) and 207 had change in
sexual desires. In the present study, the arithmetic
mean of Q16 positive response to the behavioral
nerve symptoms was reported 4.6 among welders
and 2.1 among office staff. In addition, the fre-
quency of neurobehavioral symptoms of welders
was significantly higher compared to unexposed
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group. The correlation between neurobehavioral
symptoms and blood manganese was significant
for welders (P-V<0.05).

CONCLUSION

Welding is one of the most important occu-
pations in most industries, releasing a variety of
hazardous gases and fumes. Occupational ex-
posure to welding respirable particles including
manganese, is one of the most serious issues in
the industry due to its neurological effect. Weld-
ers are exposed to high levels of manganese, ac-
cording to the current study’s evaluation of respi-
ratory exposure and biological monitoring. One
of the reasons for a concentration above the per-
missible manganese level in the respiratory area
of the welders can be attributed to their inappro-
priate postures. In jobs such as welding for access
and greater domination and work speeding up,
workers have to bend the head and neck on the
welding point. Moreover, another reason for in-
creasing the concentration of manganese fume in
the respiratory region of the welders is the use of
an inappropriate and inefficient ventilation sys-
tem in the workplace.

One of the potential limitations of this study,
like many others, is the lack of information on
diet patterns among workers, despite the fact
that similar studies have shown that manganese
caused by food intake does not have a signifi-
cant contribution to its internal does. Another
potential limitation of the current study is a lack
of information about ventilation systems in the
industry.

In general, one of the advantages of this cross-
sectional study was the evaluation of respiratory
exposure, biological monitoring and study of
neurological symptoms among exposed welders
with manganese welding fume and compare the
frequency of these symptoms with unexposed
group. Therefore, the number of studies on the
exposure of welders to welding fumes in recent

years has been increased. In the present study, the
findings have shown that welding fume contains
a small percentage of manganese fume. (From
0.27. to 8/ of the total fume). The amount of man-
ganese in the electrodes can be in the range of
1-207. of the metals, so most welders are exposed
to various metal fume that contains a small per-
centage of manganese. Due to a high frequency
of neurological symptoms among welders and in
order to maintain and improve the health of this
population, in this group, to prevent future prob-
lems, maintaining workers” health and prevent-
ing from performance disorders, managers and
employers should be aimed at reducing the expo-
sure to manganese. Therefore, managers and em-
ployers can reach to this goal through engineer-
ing controls, through replacement of alloy with a
lower percentage of manganese, efficient ventila-
tion and management control, such as reducing
the exposure time, training staff and the use of
respiratory protection equipment for welders.

Moreover, industries should start with an air
quality evaluation to determine what their cur-
rent exposure levels are. This should include
measurement of manganese levels both in the
general facility air and in the welder’s breathing
zone. An experienced air quality system designer
can help manufacturers determine the best ap-
proach to lower manganese exposure levels for
the facility as a whole or for individual workers.
In addition, investigating health effect and effec-
tive control measures should be applied. If ad-
equate ventilation is not feasible in industries, it
may be necessary to protect employees with the
use of personal protective equipment (PPE), such
as a respirator.

CONFLICT OF INTEREST

“The authors declare that there are no con-
flicts of interest regarding the publication of this
manuscript”

How to cite this article:

Mahmoud Mohammadyan, solale.ramzani, Esmael Babanezhad, Jamshid Yazdani Charati. Evaluation of
neurobehavioral symptoms in welders exposed to welding respirable particles containing manganese. Iran

Occupational Health. 2022 (01 July);19:13.

*This work is published under CC BY-NC 4.0 licence



http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

http://ioh.iums.ac.ir Wl k=t

([@AIPa Jo Apsianun uesy

N WWE) =19 6,00

N

*Press

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

Sl 5 89> Glisit BB O3 b adbiagago ool )1 g> 40 (55U ) wuas pidls (wy 3
- 0‘/0

Ol el cohyaijle (S pale olKuiily olael ouSiingly ¢ ibligy pole Cliizs 35 4o wliwl gl a8y Cubligs (s 1 ylidesre 3900
solale.ramzany@gmail.com . o)) (b (o ys55le (S pole olSutils (ol 4b > cuibligg 09,8 (sl 4> cuiblige 15 ol )5 (Jgtme odin g %) 3 gl y IV

el esbs oyl (S5 pole oKl oo uw‘-bee 09,5 (_s"‘L; Sla gac bt jed o (518 315LL Jusloww!
Lol eyl (o lyle (S pole ol ((giglgrmdnl g sy bl 09,5 Lale Sl guae Lt ( Sla Jlol Sy 1 Sl S195 dbos

oJ%S\?

o1 guals g g o3l codlo sl omas SISl jan & 2eie (o) A8 )3 5o posd L agzlye 184 g de

oy s WS sl )lige glaziel BB Cl)s b asdbagalse (hSer g ) @)l ras @e ooy p 5l ¢ adlls I Ban

QVF s aoliiuny S92 dxlge s 09,5 b Ml SNyl (5 Al § e

S Sdes sl 6 il D e AL 095 iy eyl QUS55 Fe g atbliagalye 095 plsiear g 58 YO St ow 11 (B3
5550 po 3L ohlKass ¢ agalse e 0,5 6slaas QI8 (s anliiuny ) eolizul b (o)l )— s widle &) Lgyyo claodls

DK agalpe 5 55 NIOSH 7301 sg, ool 1 el ol s 55 clale s NIOSHO600 i) 5 ool L« sliizal L5

3y b baosls (gylol Judoiga s 000,35 (6550510l ICP-OES olSius bawgs 55 31,31 oyl 95 50 9390 5o )l jae
5 plogl +/+0 g lsbias daw s MINITAB 17 58l

Sy +I¥OE [ A MM Wy oo, Kabgs liil BB Sl 3 dgm90 50 b o, Kidgs ¢ dgalpe pSibe 1o 4Bl
Sg (/e fke /oY pgml ) glsl (LS 098 5l ynie (<N FE-Y pgml ) Kse o8 5w cble
O Staan (P <o 0) s I35 daplgey 095 I ity cbliagalse 09,5 )3 (6)ly uae @M Slgld izen
Ol b as” glaseSay ‘(P <o, 1=00Y) Lol Canwd 4y sixe (HSSe 63 35K (lime b ()l = smas $3)e dlass
8l il 56 0B IS )l qwas @ (KB (95 (e clale

A ERVARTA R SR Pl 5 Bliiel JB o3 )0 ogzge 53K lapsd b ) KSez Sl aoil i s aalye 4z b3S Ao
Sz (S e 9 (eiten J 7S slagg; el il Ky Sleladl plonil g )8 orae @De 5 (6 Ry pslanen

205 o0 dpog gzl a5

M/aw‘)&)/)fy’.w Ué)Lv
Dl 2l Sy los Auio

Voo N F bl gl

o oyl 4y sloiw! o guiy
Mahmoud Mohammadyan, solale.ramzani, Esmael Babanezhad, Jamshid Yazdani Charati. Evaluation of
neurobehavioral symptoms in welders exposed to welding respirable particles containing manganese. Iran
Occupational Health. 2022 (01 July);19:13.

ol 438 55 5920 CC BY-NC 4.0 b sl ST aw s 33900 4 alliio ¢yl plibassl™

5 Iran Occupational Health. 2022 (01 July);19: 13.



http://ioh.iums.ac.ir
http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

S a>lae salawlgas () Kag> (1Y) Wiles )57 i 155
P slpsd sl glaciul BB SIS L s
oz adllae 550 (Al sloog S (0 355 5l (S
OVF) Koo o LSis 1) 158 siilage Ol )
b oagzlse 5l A0 )y cmae Sl (Jlocnll
S )by Hozmen (elie )3 jiKie Gl slojes
55 o0 )8 5 b agzlse (B yme po S SYsb o
(V) Cns odwou.:b

(ACGIH: I, o]  stmio Clblogy (manasiis Crozd]
American Conference of Governmental Industrial
OB 5 (mas @Dle j9 4 axg L Hygienists)
&lp !, (TWA-TLV) wiels Alawgie Jad wles o>
LY g ¥y a8 b g glaaiad LB ol
(19) el o335 s oS e 3 5 oo

bl ez ke lpl (Soislem b

el T dad o Sl olge ooy 9 (id s Az lse
Sy Sz 1) onie DMkl Wl oo (izpen
Oladss (1Y) S eald oilagy wellasl ISl
Gl ppgar 5l oolaiul b as Wlosls ylid goasis
o 5 555 oz (MRI) (lg5 oo ¢ sunloline (il
Cuxaz )0 MRI loslainl LI(Y4,VA) 5,57 olulis |y
o) ol osezm Jlgy 9 Vb saize 4 axgi b ol
ol ooty 093 sladiged a0 a4 ool
A Joacans; a5 sl Sl e
S 45 apin 3 ol 51 oS 558 Jloialy
AV LY ) ol Ll oy (0 09290 53500 51 (S8
OSee e Sl ) JeloSat i el (e a5
sl Slas gaw; 4o o&..i}‘nL?:.S‘ Sladlas .o)'LM;GA
Syzrge X alel 15 b agzlye (s o5l (Sin
B RN S R I T S USRI
3yl ez 5o 5 1ol 55 4 Sl (e (S35
AYF-YY) conl 58 b ag>loe

“(gmas oo (o) p S o0liial s 5o g daliins
el 6 558 Sl (srlin il caddllas cnl o L8,
Gryaliny 5 5pS e 3o plgige ol Sledbl 5l
SFLa0ls, slagsel 5 sl Sliles plnil gz
(Y0) QL6 (sasliiw p ax 51 0905 ool LSS
“eras (oDl 8L Gl L2 R S lea
b I sl Pl b agzlae 51 s saiolxl 5,8,
Sl opl 5l as Wlows ploxsl 55 Sledllae w0y 5
soliial (hlSex (o L8 ) omae oDl (L Gl

Q‘)Li‘“b 9 ul.:.}..o.m S goxo

dodio

Gk 5l el Jlasl sl gy gonl b oo (Kog
S Geede VY Lo (V) el (SO Sl g8 L LS
Cleb o Jsiie iz Slyieer pler alipm 2
Lot sazlee )0 8 goeles VYV 5 aiten
Lfii ‘Gl"“’" olf..\gp )\ Y) .)..3)\.) )‘)5 6)&-‘59?' Glﬂ’r’%é
oL She Codl gl Syl Lol sla, eSS
C.')‘).S ‘Liernj.:é ] 6)&:‘9‘? O o..\.....»..\.Jg.: 6[.@“:9.:5
olgo jlagmal 3w a3l o515 Sl o aS aiiis sl
5o oaladgs ped Lol paie (V) Wad co adgi Sl
I3 sile ool ae] s Kigr olles Job
Wgd oo 3l 6 ) Kasx slapsd 0 45 6,500 mos
Slopgd ax 51.(F) siun pocesd] 5 (53, cpamedls
ooy Sl Mol l5T gy (5S>
2B og 5« yludl sl 15 0o yo ioleS™ ylg2c s (IARC)
S9>g0 alisee u‘)lﬁ uos..a})o 6’5 o GM‘_;Q)M
LgLa:..L.mS‘ 9 JS.«.’ aCI‘ VI Be ¢Cd) L;)li.wj:,» l°9"'9 )o
Jolse” lgreas byl sasoles! g IARC lawgs (LS
.(0) ..\3‘0..\...’1’4(5..\.;94.5.,.]9 ”@L...d‘ 6‘}()”")‘“’

Pl ) Kagr slapgd 69, » Sllllae iy
(olop ol, G as wilatils Hlasae |y owdss
L SseisSsasty srdis ol ooy o,Skes alS
o)b S¢>g ‘5._‘>Lu.uwa.c g_;‘).a‘ Prad (5, Shs>
o 59y p s lbdcuac SIS YL glaye o
3 aS Cewl S LB LY+ -A) oS sl aaiaS L
Sl Wl (oras plasw 59) Sl 2 epdle
oSl (B 9 ol 9 ey uS (odis
el tel K gyl @l)d (V) wes 8 5L
Sbogsn 5z Gl g ceabliie sloglas
S 508 0ligS 4y joie )0 45 Wigd oo (S5
omas Sls Slnws (V) ogd e jre il
e 08 bl o jlin S b aglse 5l S3U
6)‘0)4).’5..44 Slalllas a5 DS (0 C) ‘SQ‘ASM 0)454\.'
OVY) w5,l0 oS i jre o () 0 55 T35, 98
SIS yizren g mas oDe YL 5 (Dlalae
OS> s yo |y (S 5 (Sl Ol sl aile

2 Threshold Limit Value — Time-Weighted Average

1 Central Nervous System



http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

el BB S b asilagalge o ism 15 6,18, caas @le o)

aS o5 E6010 4 E7018 45 slasg nSUl 51 oolaza!
Sgaz 5o ooy xSl ggs (nl jo ad) ey 325e 2o o
5o cele FF (Ko (YY) ol </ JI /0
B Lawgie jsboa dilyy) g wiag Cullad 4 Jorine atin
Qo VY B2/ gyl 638 sladd g 59, p el
0,5 o 5,8 e Koo ol cur K

Seole 51 g5 (o y0 V) atilagalss o] Kgm 351
(Hatter man welding mask EN 175) ¢, lSsg>

5,5 oo ool

Sl ool 5 5l ptige
S eeb slacal BB Gld 5l g)ls paiges
)" sslaal b ‘Qbf)lf (oS Gathio o Ko
SKC (65,3 15 pdigad croy dawgie &+« NIOSH' 3,
2yang)l 5lSw ¢ AirChek 3000 Deluxe Jowo
HedSl 9i8 sl (SKC Aluminum: Cyclone)
etV a8 Ly s3lsbs ol sl L8 ol e 4)
aiss 2 VIO g iy Sam /A il s 5
J3 YY) uﬁ; S yg0 (leiibg.? oS & dalnio
JHl o cele VY Goe a4 o xls (g lo paiges
G935 b 0l S g 285 18 el
SARTORIUS,MES Jus) p 5s Seo Sy o by ol
g 55 i 3] 8 3 (lal] 925 5L
sl el lS a5 15 4 (5,5 ) i
polde D9t ()l paiges ol plnil Hple Ol
(4385 FA- Jlaado Vo) 6,5 Cog S Job y0
Shedo b b mls (g ,)ls paiged loisl jo g il aols]
Sl S pi¥ a0l 18 culs o9z, el
¥ Egomo )0 s}.:.]l)‘ij 6)loﬁ43943 LgUa:}- E-RCS L§‘)‘.’ as
e S oo plas 5 a3 08, 5 sl il
A (i - ool 5l 53, 158 51 5 0 pises
5 s Susby lid s ol (g9 Ll 18 4y Logy e
Al a8 S ddlate  cwlidles oS! 5ok ol > Cas p
5 Loy (5518 (5,10 paiged Como 5l Ll jslatea
SleMbl. ol g0 S8 550 Hsbas (g lo paiged Ll
Joe Slazin Jod 5l baaiges b3l lp pY
> 9 L8 od ey (59ld dladiged ()59 ¢l paiged
5 Lo Golul el jl ) oalis )l paiged slse
b B e lp & alap B )0 (o)l Las
Blaciwl BB old cdale e (YF) 0l Cud 0 gr 00
P9y 3l e -0 S (et (S39 GP9) 4 45 ) Sbex

1 National Institute of Safety and Health

\4

(YA-YS) wlosgai
o szl ol bl (goaaie Slalllas
S1as Shat 3 s b 55 5iSie Bl 5 555
WJ ol ilosls j1,3 cu 05901, (SFLL 5 (S >
5 wmas Ol gy p 4 oo ey Olalllas
alasls y o) Koe> o Gl rmae sloo Slas
ag>loe Syme o o8l &GS @ asg L (YY)
5 Sbyr ol laws sasobul sloan¥T L
SIpl pgar 10 oS Oledbl asiyl 4 dx g5 b puiznon
Pgata 6,52 5l (AU 1Ko slapged (cudis o
D)0 392y i b aglse 5l (U (SSlidinas SIS
S )L (mas pDle (o) Baa byl (g anlllae )
laial BB ol)d b asbagzlse o) Sasz (0
L odle ol Slgld ammlio 5 5350 gl (5 Ssz
35 5 a2 lya 05,5

g, 9 dlge
dafllas £9.550

35 el sioss 3,545, b saloe (g aalllaa
Ve Jlo ;o (OlR) bl gl et 5308 mbes 51 (S
Slsieds 5 g aile Jlo Ky JBlas il .o ol
ybieds (pizrad b 48,5 L5 s aslllas 4y )5 Lne
Bras ool slag loas Slus da Fal>los Sl Bds>
Bog GlilEs Byae a4 atwly a5 slayl s S o
e el SIS sla Sty QEUnSS pas
O g g (g anlllae ol 5 diges slows . aiuls
4 o dwlre 09,5 90 51 SOy 0 La YE (YY)
2 Ased gleg dlaad dwosls (B3, 5l 6 S sl
AT Gl jlad ad 5 ks 50 185 Fe w09 S 2
YO axdliaglye 09 ) plgrsas ol asin o)l Sig>
AT e aniils | adlllas 4y 09,9 Ll 58
2SS0 Sz aals 655 plgiear (g ol QLSS
aldbgls o imgsy ol jo o8 ) line - asuls Ol axlllas
s asllas sy 5l (GBS eS b gaan 205
et 250,8 Lasl | wlalST oS cols, 5 s
aS a ools el plc gy o oS es Wb a
axllas Bloal cga b g dle oo JolS ghboas leds]
D9 g0 433,515 &,

BBl
e 5 adlles g0 Caro jo (5,80 anl )
olyom dy o gy 39 5N (S Sl s (5,805


http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

Sxio Cilagy maais ezl (TLV-TWA) as
AN duslie (ACGIH) 1S, 0]

ol eac p Dl
sz QL0 (ganlitins y 5l ol (saalllas o
ol ol (VD) 050 ) oolawl (6,L8 - uae e
‘g;’-'-‘-la)-*-“ §w> ok > bal Jlsw V8 Jols
B o e lacand 10 0,0 5 g
G55 3 St e (g (S0l g s pd S 20
53k o S atine e e B85 (b9l
SlS gl SHo 0 e ( wld (g40Ss (0 S
40 St i (6 i ) jlad lual sl 5
30 e g (@l 40 LSS JBlaz) 5,0 s 040 yuw Hbol
S8y ceas @le Sl 2 s -39 (o SDLLeS
alliaglse o lol (LS, L adhagrlge o) Shga )0

6)&/'Jrl’d'

MINITAB 5816 i sloolazwlbc ol g asllae g s

5 Jlay s ssliiady bl 5 s ,S 5IT 17
G pmash B3 FyalsS gl 5| dmodls (335 Jla it
5 S,5 900 Oledbl bl (g &3l Cpm o colail
oy bl hg, slsllas o oSS ool 8l Ll
lagygesl sl oolaiwl b aosls yizen -au0 5 solazul
One- Paired T-Test g0 ;| Pearson Koo g o>
08,5 )18 Ll 5,40 «Sample T, Independent t Test

A ad,F L 5P /o 5 oy obine b

wdliagzlye 09,5 G lme Sl 9 (:Sls

s JLAYNAYES/Y IS ganlul Jlo YF/FYES/A-
S JLaVVAYETIOY (s o Silialy 55 0,5
5 sl s g foline hglis 052 V VOAL /YA IS
(\ Jju\?') ( P< ’/‘0) w‘u\.’ 05.?-5 da.ma.oo)ye 03;90
BB 3L adlass g0 Cane (5 ag>lgo ke

oS & dalaie 6‘9—“ Je ).._i..c r°9-‘3 Sol> dw‘
clale .cwl oadosls HLES Y ez j0 (9> 5Kk g
OLES e ol LS g LS5 09,5 99 (195 e
pgml?) 1 ogm o5 j0 5K cdale )l a5 ol
LS 05,5 5l 5t 5 lobine jsboas (+/VFE-/-Y
St lie fpimman ol (/+ FE£ /4 o ¥ pgml™?) o Lol
5 029z 09,5 99 ;0 ()l (rae pBle (Sl

Q‘)Li‘“b 9 ul.:..\.o.m S goxo

Lg‘d.é)} w‘..\e‘.» 9 G"‘“‘ é@ 69"""‘"““ \ARE o)Lo.ZZ:
P e e ekateds (VY- \NIOSH ) IS el
ool oo g ls pdiged Blaciw! LB I3 )0 04290
(YO) wi

Oyt b o dsa sladige (giluoslel oz
Srdhe 00 iy 2 5 7y cwls 5l alBlos
ashing acid ;| & ml lj0 4 e -0l o0ls )3
ai 8o Y Goe ds g ol adlol ;ils 4 (IHNO3:3HCL)
oy a8lal lawgy b i . 28,8 18 e sles jo
Slads Jolxe 4 o, b ashing acid 3| ¥ ml | S
dilution acid ;| ¥ ml cal> 1o 1 31 ,0.C8 3y & jg0
JEa Y o ol Jplons 5 s 4811 Jlone
W o.)..iLw) > Qg

OB, (6 4S5l (9% diged o S3dgm il S
@log)ls a5 JluS ad yslaez 555 cus L 5
Srae a4 dialy &5 2l (W3S o0 Sras o
S (slo b TS S e 5 i il
SRS sass 095 e Ko a5 adllas
A aiu , K2 slissl oo sloogs J3lo agas a5
ol F il gaz 0 -V slos jo asion by U ladigal
ol 1) 93 sladiges (g jlwoolel g aiid 51,3
3 d sl V0 (YF) (o)) Ken 4 Elligsen  gaslllae
055 3 pde ) & 2 PO Al S
Glos yo cels U St Ay e g A a8l g0y )9
3| WIS S RN PRRVA AP Y S g WD ESI YA
b 38, lea )+ a4 i
S JGT

Loy aiges 3T (g jlwoslel Joye plosl 51 o
el onicar slawdy ol pid o b oo
&L PlasmaQuant PQ 9000 Ju) '(ICP-OES)
pole olStils (ilagy gl yo adly (plall 98
dodiges 3JUT 51 i 08 C;)}:a ohyisle (Sby
0lSiwd gl IS i 0,9 s 4 jglatea
Ao N /Y glacdale o 1Kk o laslsl Jele
ol 4 g ol dpd edee 0 isw B (YO NO
braiges o jlaslinl (g, b @illas e -3 )5 &) 5
clale g a3,y oliws 4 wals owc‘)zm|
Slap paem sloslainl b g s )T s badiges jo 3%
S dwloie diged p2 (5l 0l gl pdiged o lasliul
S a>lge e a> polie b odelcisods gl e

1 Inductively Coupled Plasma - Optical Emission Spectrometry

A



http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

el BB S b asilagalge o ism 15 6,18, caas @le o)

Pl s e dipa
L

el gl e b dg
gy K2 A3

ENPECST TS )

st f

Asaad plagls
AR -0 e

ol Sy R gl
csdml

e Tl T dy
ah A mlads pae

M1

| i s s s sl

link 2l 10 mil 2 iy

Mo b Whd
Inductivaly Cauplad

Plasma - Optical
Emissian
Lpectrametry

¥
ey i
4=
HIDSH 0600
BT
g adiial Y
RS 5 ml ashing acid+ kA
HIZEHT 301 (e fu )
Y
2mil ashing acid
o i AL e e
A e 5 Pt ol 1 [ 2L
¥
oo ALl
Iml dilution acid
4 g T ptes ol iy JE
Ll paen

I8 5 (155 sladiges 5ILT 5 (gjlmoslol (s lo paigas plosl J>lpe ) S

Bl anol s a5 0 (693 slajyeite rog Ll @l ) Jou

P-value

S egS ol Sden e

AT FVAVES/OY  YE/YEE/A (J)lne Bt uSikio) oo
Yt Yy Jsla

£ ) s

TY(YV/Ya-0) YO(FA-YY) Q2(Q1-Q3)

-I¥A VWIOARE/FA  AYAYEFY (o) jhns Sl plt o Sibie) SIS (sl
\ Y Jlas

Y Y- S

V- /0(Va-Y 1Y) ANV 1Y) Q2(Q1-Q3)

bl 3gmg (g yboline glis bl i 51 p>0.05 ,(Paired T-Test) (S 05,5 b duli

WDyl o 0030 aS joblan o o lid | cdddog
5 Blaiinl BB Ol)S (izren 5 5280 polie (52 Klee
TLV-) s jlxe oo 5l YL (g ) Kis> slaolSis)
cblage Gmaaie ezl lawg sdddiss (TWA
mg.m~) e B gl (ACGIH) IS, 0] o
Oeioren w09 (Y mgm?) laczl LB ol,3 o (+/-Y

Om 0 e ol Slglydas ols Hlias 50 g lel LSS
Gl jobody i b agzlye (o yme yo ) Sbg
Gl LS, lawg cal i)Ii5 oSDe 5l i

(Y Jgaz) (p<ele o V) il oo 4Bl agzlgo s
e s> L XL cdale 6, slaa!


http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

Q‘)Li“"b 9 ub..\.o.m S goxo

15 45 obosls Eusie (slagenly ool 1 (6,8 om0l (5aSles 5 95 3o g 3iKk0 ecs Kbz Bliitd B B3 L aglye oliee ¥ Jio
anllland jge om0 QVF (5 dnliion

05 £+ ) b 09,5 25 Y0) ol )&
- - A/ \kos/sY (mg.m?) 5,5 i JoB 1,3
- - o[ 250/ A (mg.m>) Igp 3K
#P<e/ee <[] Y o[-\ -Y (ng.ml™) o8 3K
wP<e/e o) Y/-2AY/Y- - £5Y/FY (Q16) (5,td - curs WM Slaxs

al jline (bl ylasjl p<-/+ -\ (Paired T-Test) =
ol olixe ()bl Jlasjl p<-/++\ (Independent t Test)ss

Ay jlome Olis b GhISSsr (oS sloa 35500 5 (5) 052 Blasinl JB D)3 clle Gl 6 anslio Y Jgu

TLV-TWA  cdilé ople

- 9 Y
P-value 95% CI (mg.m") (mg.m?) L2
p<-/-\ (B Y-1#/30) ¥ vor g Kdgs sl B O3
p<-/-\ (++-Ya/5Y) ooy -If0 350

al yloline (g ol H351 p<0.05 ,0ne-Sample Tagalgo sl o b dulio

OLBsz 05, 10 (555 5 lse 580e (e b (QVF) (55585 e @De ol (o (S F Jgo

(Q16) (5,13 j-cwas pidle slass ¥
P-value gy (Stawod copd
-/¥2 Y- (mg.m>) Igp 3K
o[-¥Y </¥YY (ng.ml™) ;58 3Kio

(Lg)lél dL;S)LT) el ) (ul)l&..;y) 390 05; 90,0 Q\? 3 AAL,_......;)J C)}J\}a 4 oabesld e &L&bé..uL; U.JL.;‘ » ‘5)@)—‘5:.@9 p.‘»)i.c u_.lj\)s & awslio B JB“’.

P-VALUE (5 ¥+) aald 09,5 (55 Y0) 3,90 09,5 BV
Aoyd olass Aoyd dlass
ofee. \W/o o FAIS \ S8 o (S o] s jgboay L \
/oo v/ \ Yol q SaiS oo wlucs] (o0le uf 3)3 9 B0 (o (slacond | pam jo L] Y
Biral ) ¥ WA o Sagdce B i jlad o (S0 culled e L] Y
RY) o Y Yv/a A Sgdie sluas cde e Ll F
o[ vio i YAS \ Shgd e Syl o e e L o
ARY i\ s V¥ N Sa8 55y |y 395 4S8 Algi s (s I L] 5
AN Yo Ve ¥ ¥ SaiS oo bgelyp il |y Jilo LT v
-loo¥ i\ 4 Yv/A A SasS e 5ye e g U A
RN . . W/ £ Shg oo JSito Hlod el lild sloaaSs (i g 3L o L q
oA Vi . Wi s oxdoxlgs lae Jlee 3 ) calijyy b OUS lgs laj 5o LT .
gl e JSuie )l
-I¥so N £ YolY a S35 o 5B Ky S5y 3y90 ¢ il (13,5 ogel @ g5 cde 4 LT 1Y
RN . . VY o SaiS ooyl wlio! dipns (g4 o L] Y
<I¥YA YV/o N ¥ ¥ S8 sl |y o d)lab (ghun dpmm bs 4 (gl el LT Y
<I¥YY Yo Ve ¥ ¥ St (13 (50,8 Ji5 Wla) ondplol slo)lS JyuS & jome el L] VY
o[-¥A ¥ Y OF/Y 5 Sy se D 510 LSy (clazam JBls LT V0
IV5N \0 5 Y. % Sl 05 2l Lo g SMLe5 )3 (6 yuni U] \&

aS ol las o\ Wigz 09,5 10 95 g lap 138 oyl e Ho giae WSl as ols lis (slaiges SO (5 g9
30 095 FKine Gl b (6,L8 - crac WMe Slass (Y Jgoz) Canl
(f Jgu\?') o)b Sg>g )|06.M Jal.u)‘ ‘u‘)&"‘“? 05; L:(Q].6) CS)L"S)_QS"’AG p_‘,)h; Sows o M



http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

el BB S b asilagalge o ism 15 6,18, caas @le o)

sloalaiza 1o 5 i o] )8 5l sy yo calllacs g0
5 s a5 il e b & Jyiie U S (s
S92y pos (piired g Al LA (nl )3 j5a> v o0
oslazwl pos g wl.:.c L A.LA})‘ 6]4‘“"5 UL
Bliciwl el idu (pl jo owias cbla> Lilag
Olss lple ebioe 509> slapsed jiiv
Oow 3iSin poad lade ol glaccinl a5 €8 S dse s
OS5z 39 (srae slacam] 5 o 9 el o
AL cdale LYo gl Ko (S ol Ll 0 )e0 Caio
O isx cwtis (g ddlaio (o 1K paud e u>
590 G a1 (6,15 bl gy 4 lg5 oo |,
bl g oy Cuz o5 092 (ozmen Jelin
535 5 b S S ey 3,2l 5
Ored i (5 SBs2 saladi (59 » (95 5
pped e Tl LS 51 5o S e 4
G5, e s gashie o 3K
Soliss 5 o bls )l Sl pol> gaslllas gl

O PR 5 (oS sablaie (3 S92ge Sie Ol
T ol yo sladlas ) Kon g LONG .04 ol S o>
LLs | Sl oo guls a5 wols plos! o)l S g> 51 L4
5 oiid sdihie glep 1Ko ol ol 5 cuie
cglasdlas 1o 15 o) Ken g Hoet .(F1) 0g 95 155
L a8lagalge ol Bl yom 10X cdale a5 win S o )158
Oeired -l A8L yiol38l aplae lojan il
09,5 3l i ety () Wig> o 1K clale
g Baker Lo a5 glasllas jo.(Y+) o 5,155 salis
L’u‘)&“? S &zlge (oo IR T oL
ol Sl gl il plxil g5 50 ol 02 Gl g 2500
O bg> e 1Kin oS (ddlaie glgn aS o?g
ol gaslllas ol o L as (FY) el 135 56
P e B dlndS Sldllas jo o b cisllae
o, Slis fleicds (g0 g 20 10 Sez g0 15w o0l
Smith .(FY) wal a8 8 L 1o 58 b agaloe s
G T G5 B a5 Wles S )18 )L
e b agzlye lime (o) S 9o b Lol 5
wongwit .(FF) ol 5 golezel LB o) Sl
ey S Gy 1) 93 38w 58 GLSes
s 4> 31 «F0) Wloo )5 slpinn 35K b 4g2lee
o)8en g Halatek 4 (YA) ] ISan g Pesch  gaslllas
3O D92 g0 1w ym srerd bl as oly Las (F£)
Dyl 092y )b e 1Kin g owdid (g ddhaie

o2l (g 303 5l Jolo @l eizean
(oS Sl 55e cdale o (698 Lo (oS salad,
(D<o o) d= /)l o Sy g5 5iSke g
09,5 99 ) 5,y (orae @Dl g3 B Jgu
Ol @S &5 4F les om0 LA |, 9ol 5 990
OhlSos> 09,5 (6318 (orae @Bl JlglP S s
el 22l 09,5 Jawgi oals 5,155 o3 31 iy

ol c3lbcias Oljl 4 axg L e g5l
oo ¢yl plis ] o lee OIS (43 yptes (5 dox
lapgd b GLaex s agzlye o) 5o Slalllas
5o el a8l U.:J...wf ).A.>| sl o ‘6)&;;;9?
JB Sl as canl ools lis sl « pol> (g asllas
poed 3l (o5 oy (g5l g, lgz 5l AL la]
S Gl (ped IS a0 AL /Y ) s 550
Slae, o VY g0, o wilg oo B bem e o
OBag> yian (oplplo il soms JSis il
‘565..\,@)0 69566}15‘—‘11:"“6[-“?9:?5 L2 0
(YY) (@l3de S 5o ,0 0>) aril oo el 33500
YEY ole o Lo g Pech Loy slaalllas
olll jo ) Kasx lopssd b adlagzlse o
clale a5 oy olis adlas pl mls .cd)F & jge
ooy e o 5l SYL g sladigas 180 ;0 1K
64'94-?"5"’ 4‘514:.][]4@ o ‘leio.:b 9 II’ISﬂY AYA) S
Sl g alls o a5 SIS s e
siage 5 & Syt Lol 0 53 5385 Y pans
UT Ji’l.«.a res 1299 &J"‘ C_’L..a FRERY K )‘)5 R S)90 ‘)
STy 550 b O3 5 sz (s aezse oS 05
onbarog jlre 0> | i st JB jsbar (ool
oy D b glasllas o, Son 5 Newton .(Y4) oo
Elee 3l (e 0 65> Slapgd b (i s 42150
ol 3l s agzlgn 90 YU Sl s asols ploxl g0V g8
Ol bl pizen gy oS sdilaie slga 0 L L
90,5 olSiwd s 15Kl 09,9 sy aS Bl LS cdalllae
xSl o8 ol 5 5 il s alllas gl
b glaccul BB ol 3L ) Kase (s agalge clale
ax plp VY gV oogus ol o (i g (5, Ss>
w‘d..@‘.’ um u.o.?u‘ ,]a.wy OMMy )L>m
Caio 0 o ag> .l (ACGIH) (S sl e


http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

SYL gyloliae jebay )| Sism o mXLe clale
“was Do JlglR Griren S aglse e 05,5
OIS S )l jsba (LSS 0 6,13,
dg>ge pSiwe Cdale o (g lolxe bl )| ax STl
(YN s 35 o)) ceas (oDl 55 5 190 )0
5(OF) o), Se ghassani (g S0 ganlllas o (pizeon
e oy |y (6 lolire LLS 1Y) )], Ken 5Mehrifar
alllas ls ailes S (415 (ras @Dl 590 5 Iso
Solows bl )l pac g cns (Sson Sk 50,0l
2 (QL6) (5,lis - oac WMo olaws L lgp 5250 les
o g ol bl ax ST g o Kig> 09,5
- emas e slawi b e 5 cdale fle hawgie
O ol g5 oo Sy o0 A . Clils 092 g (5,8,
S 0,81 50 5K Gl Dglaie Layl b |y s jo
3O e iy de ol gl gl u.d).lajwn.u
YL ARGV IR GURUEE SV SRV P A 00 FRp e
G e S M Jelse il 51 3 gl
Slgiiinn ol dsllae cpl jo ol 8l e 1S cdale
ol (saiges dlaws Lial381 b coass | Olalllas y0 04 o
D9l Jol> (5 5 relae s
& lolixs g lawgio Siwod pol> (g anlllas gl
09w Olie 9 6 L8 cuas Do slowi o |,
Sadllas bl oran ol lis ) K0s> 09,5 o
as (0F) oK ¢ Park 4 (00) ) Sen g Chang
M L;o..\.:.mootiﬁ PR r:L?;E‘ u‘)liw? S92
) B 5y e e o Ll Sl s 6,5,
el Sae Yok (s aglye )3 Lowe 350 b agzlse
I €090 g0 (655 0 (oS s 0,Sdas [0 ysS
pidle 2lasi g (55 jie plee e (Saran 2575
pas Dygo 40 a8 Cwl ol 5l S s ,l8ceac
OHaex )1 gatlu ol 381L ccnlivn J oS Sloladl
2 ol nl ep e b agzlye Gl Az
IR ISRV A YN
dolidw y pl (65,54 0 Coeal b gao90
aS Cwl QT @L.: K9y » OA:..SUASJ?LA JA‘&.C ).ul.a
D8 azgi 9550 else (nl 550wl prw ISl 0> b
S ras (omac s lon abluas Sl 3,5
Oezred Al e adllae o Sl il
5 59 bl Loy waalllans jse (slaog,S 1S (s ablo

Q‘)Li‘“b 9 UL’M S goxo

aS Xo,S Lo zheng 4 crossgrove (5o slaallas o
Wz S a) 3l saglye ;LA Lol (9 e
Ol pls sl 538K b (apzlgo 5l s 55, dix b el
Saeaidy s aglye (s Sz LS Gl 5l Gl
L bls,l o 88155 g el s B.(FY) o S oolatwl 3l
O)ge 55 b agzloe (Siglom AP lh (n e (e
lolid Cga (6 inn Oladss (ol by scl 423 55
el 3l 590 5K b agrlge (s 09l sl S Lo

A.Q(D-‘s.n Lgd.’l......j as ..\3‘00; U’“")‘)f «Sldlase ‘5’>).)
-\/Y mg/m’ O e bdicac Ol 595 gl 3K b
Sl pol> gaddllas 4o a5 (FANF) cl +/YY
G00gumo ;0 cwdiS (gadlais ;o 1K b agalge clale
..)53 od...w;o

RO Cdo y|9..> u.».i:L.o ‘fél} 6<UJUGA I
OS> e ;o 5)L8 )y cras @Dle saslitiw 4
Elingsen .ol 5,158 Y/V (g lol LS8 0 4 F/7
“eas oD Slawd Sl cgladdllan jo S
4 odesls Cudie (_ngé...qL& u*‘l-““ 2 Ql)l_i’:,j_? Lg)l;lé)
09,5 Cmizmen -aiols 5,1 Y/8 1, QL6 casliiw
G0 sanlllae ;5 .(YA) &los S 5,155 J S 09,5
(F2) o,en gleec (VF) ] o g Mehrifar aogs a5
aS 09 o) ,Slo s s pll (8+) (o 4 Park g
s9bd (O Sdsz 09,5 )°_6)t‘3)'g5~4‘ e Slsl )8
Gl QLSS 09,5 0 o) Slelyd 5l i (s lolixe
Slpea ol adllae @ls b o5 109 apzlge e
Gas b sladlas Ko g Lotz Jlocpll . cils
2 S D)o )0 e G agzlse S o)
aS o9 o) Sls s casols pll HISag> FA ol
C’“ﬁ’b‘)‘)é b gl o LS o (85 Ol
2 50 g 55 b aglee Gl 65 ,l0lne BLS)I
sadlae mls (V0) cllai 052 &5 > o lge
50 b aliagzlse o555 (55, 1 Oy San g wendy
30 OguiaS b sladilis 10158l gonima ylid (yame 4o
Baa b gladlas o San 4 Gliga (1) 54 ol 81 -
(s s 9 j0 b Ja po la g p has (o) 2
as o9 ol 5 S e gy aisls ploul o> o
Ol 40 Wlgi oo 51500 Lanoglo U (s crbans s agrse
(OY) 0l H38 50 00 S8 sla iy pxlaws

e gy 3o b glasdllas o, Sen o Hassani
e S Ohe 5l TY (Gl yo )8y eas
aS o9 o Sko caadllae ol gl - asols ploul aglge

\Y



http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

el BB S b asilagalge o ism 15 6,18, caas @le o)

&l Sl
S pole olSailo (Laagh Ciglae jlealimgin
IRMAZUMS.. oS L aebiy Ll ol 5las a5k
10,08 5 i (0403 Jlo ol REC.1398.4955

St

REFERENCE

1. Hassani H, Golbabaei F, Ghahri A, Hosseini M,
Shirkhanloo H, Dinari B, et al. Occupational Exposure to
Manganese-containing Welding Fumes and Pulmonary
Function Indices among Natural Gas Transmission
Pipeline Welders. Journal of occupational health.
2012;54(4):316-22.

2. Razos P, Christides A. An investigation on heavy metals
in an industrial area in Greece. 2010.

3. Lyttle K. Optimizing consumable selection increases
productivity, decreases fumes. Gases & Welding
Distribution. 2004;48:45-7.

4. Hobson A, Seixas N, Sterling D, Racette BA. Estimation
of particulate mass and manganese exposure levels
among welders. Annals of occupational hygiene.
2011;55(1):113-25.

5. Persoons R, Arnoux D, Monssu T, Culié¢ O, Roche G,
Duffaud B, et al. Determinants of occupational exposure
to metals by gas metal arc welding and risk management
measures: A biomonitoring study. Toxicology letters.
2014;231(2):135-41.

6. Antonini JM. Health effects of welding. Critical reviews
in toxicology. 2003;33(1):61-103.

7. Antonini JM, Zeidler-Erdely PC, Young S-H, Roberts
JR, Erdely A. Systemic immune cell response in rats
after pulmonary exposure to manganese-containing
particles collected from welding aerosols. Journal of
immunotoxicology. 2012;9(2):184-92.

8. Cersosimo MG, Koller WC. The diagnosis of
manganese-induced parkinsonism. Neurotoxicology.
2006;27(3):340-6.

9. Colosimo C, Guidi M. Parkinsonism due to ephedrone
neurotoxicity: a case report. European journal of
neurology. 2009;16(6):e114-e5.

10. Guilarte TR, Gonzales KK. Manganese-induced
parkinsonism is not idiopathic Parkinson’s disease:
environmental and genetic evidence. Toxicological
Sciences. 2015;146(2):204-12.

11. Haacke EM, Cheng NY, House M]J, Liu Q, Neelavalli
J, Ogg RJ, et al. Imaging iron stores in the brain using
magnetic resonance imaging. Magnetic resonance
imaging. 2005;23(1):1-25.

12. Ma RE, Ward EJ, Yeh C-L, Snyder S, Long Z, Yavuz FG, et
al. Thalamic GABA levels and occupational manganese

Y

5 48bag>lge 05,5 55,15 (5 Al ()10 sme D5l
(S5 900 yiite nlenl plis 1S ovalie aglge pus
8 b 5, 2 (S e

K e Slalllae gladiey 5l gk wlie
U5 Sl pas walllas oyl s ool (glacy i
g e b sz Grden saezlse b bLS,I o
Sa2lye Gl wzr S ptew AgSEe )
e - Bl 3529 polo (g asdllas 51 3 o SCge
4 bge bl v5eS dacgogis 3l Ko (S
2 4z ST QIS o 238 w3, slags!
ool o, ¢ Laohaudomchok asliwe (glasillas
20 7P B oo e B e 5l (2L 550 a5 0 S
eyt 8 0 OV 505 o L1 590
odelewdds gl 5 ot U Wl e Jule
> Lgo..\.:.m.)c)l..i..} ‘)..bl:> saxdlas G:Lg sl ansls
S 5 iy LS b 55,5 el
38l b eany | Gldlas ;o 09d oo Slpiing a5 Conl
Ay opl 5o 6 5 laebl L Ll caall (gaigad olaws
s & gy yo SleMb 3505 (rizren 098 Jol>
slacudgaze 5| oo (S0 s j90 Sao ;0 wsS
1 oSl 4y azg by sl oyl (5 dalllae (g 05l
Sllllae sl oze Sjpoty 3 5,8y (ras
390 Wog 5 (6 it oy b 095 o Sty Jobo
3y plowl (orexd agzloe ()l g a3 )] 3 aslllan

S 325 4

(rhie g addllas (pl slacyse 5l (SIS sbay
e 5 (Sislem Gl owdl s aglae 23
OWSSez G o Gl gmas (WD gy
K 5l o3b leal 3 o3 b axslagalse
095 b oDl (nl Slolp canlie 5 3K ol
O s alee 4 Az b plplo g aglge e
05> 55 ol bl Gl S b o Kasz slre o
e NS s il 5 atibagalse 05,8
Sl S ol jsbateds g5 opl 5o °*45&)‘; L8,
3 S 5 S Cdle L cody] o)L
0L AL 5 Olpde (orasm 8 Shee DY 59 5
sla S @b 5l 555 b agzlye Srals sas o sl
e yeS sy b alasldl i) st
oley als asiles o o pow J S 5 (sl )5 s 450
cblis Jolog 51 eolitul 5 GUSIS Lbjenl cgla
il s sl ceslie (owdiS e


http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

symptoms and a review of its use. Occupational and
environmental medicine. 1997;54(5):343-50.

Sjogren B, Gustavsson P, Hogstedt C. Neuropsychiatric
symptoms among welders exposed to neurotoxic
metals. Occupational and Environmental Medicine.
1990;47(10):704-7.

Zoni S, Albini E, Lucchini R. Neuropsychological
testing for the assessment of manganese neurotoxicity:
a review and a proposal. American journal of industrial
medicine. 2007;50(11):812-30.

Ellingsen DG, Konstantinov R, Bast-Pettersen R,
Merkurjeva L, Chashchin M, Thomassen Y, et al. A
neurobehavioral study of current and former welders
exposed to manganese. Neurotoxicology. 2008;29(1):48-
59.

Pesch B, Casjens S, Weiss T, Kendzia B, Arendt M, Eisele
L, et al. Occupational exposure to manganese and fine
motor skills in elderly men: Results from the heinz
nixdorf recall study. Annals of work exposures and
health. 2017;61(9):1118-31.

Lotz A, Pesch B, Casjens S, Lehnert M, Zschiesche W,
Taeger D, et al. Association of exposure to manganese
and fine motor skills in welders-Results from the
WELDOX II study. NeuroToxicology. 2021;82:137-45.
Hassani H, Golbabaei F Shirkhanloo H, Rahimi
Foroushani A. A survey of neurobehavioral symptoms
of welders exposed to manganese. Health and Safety at
Work. 2013;3(1):39-46.

Sowards J, Ramirez A, Dickinson D, Lippold J.
Characterization of welding fume from SMAW
electrodes-Part II. Welding J. 2010;89:82-90.

National Institute for Occupational Safety and Health,
Manual Analytical Methods. (1998) Particulates not
otherwise regulated, respirable, 4th edn. Available at
https://www.cdc.gov/niosh/docs/81-123/pdfs/0600.pdf.
Accessed 20 February 2020.

Mohammadian M, Babanezhad E, Yazdani charati J,

Esfandiari Y, Ramzani S. Concentration Evaluation

and Health Risk Assessment of Welders' Exposure to
Total Fumes and Manganese during Welding at Metal
Industry. Journal of health research in community.
2020;5(4):45-56.

Method 7301: Elements by ICP (aqua regia ashing).
NIOSH manual of analytical methods (NMAM).
Washington, DC: National Institute for Occupational
Safety and Hazards.http://www.cdc.gov/niosh/nmam/

pdfs/7301.pdf. [Internet].

Ellingsen DG, Dubeikovskaya L, Dahl K, Chashchin M,
Chashchin V, Zibarev E, et al. Air exposure assessment
and biological monitoring of manganese and other
major welding fume components in welders. Journal of
Environmental Monitoring. 2006;8(10):1078-86.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Q‘)Li‘“b 9 ul.:..\.o.m S goxo

neurotoxicity: Association with exposure levels and
brain MRI. Neurotoxicology. 2018;64:30-42.

Bowler RM, Gysens S, Diamond E, Nakagawa S, Drezgic
M, Roels HA. Manganese exposure: neuropsychological
and neurological symptoms and effects in welders.
Neurotoxicology. 2006;27(3):315-26.

Mehrifar Y, Bahrami M, Sidabadi E, Pirami H. The
effects of occupational exposure to manganese fume
on neurobehavioral and neurocognitive functions: An
analytical cross-sectional study among welders. EXCLI
journal. 2020;19:372.

Lee E-Y, Flynn MR, Lewis MM, Mailman RB, Huang X.
Welding-related brain and functional changes in welders
with chronic and low-level exposure. Neurotoxicology.
2018;64:50-9.

ACGIH. TLVs and BEIs: threshold limit values for
chemical substances and physical agents biological
exposure indices 2021. 2021.

Ong CN. Reference values and action levels of biological
monitoring in occupational exposure. Toxicology
letters. 1999;108(2-3):127-35.

Zheng W, Fu SX, Dydak U, Cowan DM. Biomarkers of
manganese intoxication. Neurotoxicology. 2011;32(1):1-
8.

Jiang Y, Zheng W, Long L, Zhao W, Li X, Mo X, et al.
Brain magnetic resonance imaging and manganese
concentrations in red blood cells of smelting workers:
search for biomarkers of manganese exposure.
Neurotoxicology. 2007;28(1):126-35.

Hoet P, Vanmarcke E, Geens T, Deumer G, Haufroid V,
Roels HA. Manganese in plasma: a promising biomarker
of exposure to Mn in welders. A pilot study. Toxicology
letters. 2012;213(1):69-74.

Baker MG, Simpson CD, Sheppard L, Stover B, Morton
J, Cocker J, et al. Variance components of short-term
biomarkers of manganese exposure in an inception
cohort of welding trainees. Journal of Trace Elements in
Medicine and Biology. 2015;29:123-9.

Bader M, Dietz M, Thrig A, Triebig G. Biomonitoring of
manganese in blood, urine and axillary hair following
low-dose exposure during the manufacture of dry cell
batteries. International archives of occupational and
environmental health. 1999;72(8):521-7.

Santamaria A. Manganese exposure, essentiality
& toxicity. Indian Journal of Medical Research.
2008;128(4):484.

Batterman S, Su F-C, Jia C, Naidoo RN, Robins T, Naik
I. Manganese and lead in children’s blood and airborne
particulate matter in Durban, South Africa. Science of
the Total Environment. 2011;409(6):1058-68.

Lundberg I, Hogberg M, Michelsen H, Nise G, Hogstedt

C. Evaluation of the Q16 questionnaire on neurotoxic

¥



http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

[ DOI: 10.52547/i0h.19.1.200 ]

el BB S b asilagalge o ism 15 6,18, caas @le o)

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

overexposure. NMR in Biomedicine: An International
Journal Devoted to the Development and Application of
Magnetic Resonance In Vivo. 2004;17(8):544-53.
Clewell HJ, Lawrence GA, Calne DB, Crump KS.
Determination of an occupational exposure guideline
for manganese using the benchmark method. Risk
Analysis: An International Journal. 2003;23(5):1031-46.
Lee E-Y, Eslinger PJ, Flynn MR, Wagner D, Du G, Lewis
MM, et al. Association of neurobehavioral performance
with R2* in the caudate nucleus of asymptomatic
welders. Neurotoxicology. 2017;58:66-74.

Park RM, Berg SL. Manganese and neurobehavioral
impairment. A assessment.
Neurotoxicology. 2018;64:159-65.

Dlamini WW, Nelson G, Nielsen SS, Racette BA.

Manganese exposure, parkinsonian signs, and quality of

preliminary  risk

life in South African mine workers. American journal of
industrial medicine. 2020;63(1):36-43.

Gliga AR, Taj T, Wahlberg K, Lundh T, Assarsson E,
Hedmer M, et al. Exposure to Mild Steel Welding and
Changes in Serum Proteins With Putative Neurological
Function—A Longitudinal Study. Frontiers in public
health. 2020;8:422.

Hassani H, Golbabaei E, Shirkhanloo H, Tehrani-Doust
M. Relations of biomarkers of manganese exposure
and neuropsychological effects among welders and
ferroalloy smelters. Industrial health. 2016;54(1):79-86.

Mehrifar Y, Pirami H, Farhang Dehghan S. The
Relationship between exposure to manganese in welding
fumes and incidence of migraine headache symptoms.
Tehran University Medical Journal TUMS Publications.
2018;76(2):135-41.

Chang Y, Jin S-U, Kim Y, Shin KM, Lee HJ, Kim SH,
et al. Decreased brain volumes in manganese-exposed
welders. Neurotoxicology. 2013;37:182-9.

Park RM, Bowler RM, Eggerth DE, Diamond E, Spencer
KJ, Smith D, et al. Issues in neurological risk assessment
for occupational exposures: the Bay Bridge welders.
Neurotoxicology. 2006;27(3):373-84.

Laohaudomchok W, Lin X, Herrick RE Fang SC,
Cavallari JM, Christiani DC, et al. Toenail, blood and
urine as biomarkers of manganese exposure. Journal of
occupational and environmental medicine/American
College of Occupational and Environmental Medicine.
2011;53(5):506.

10

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Antonini JM, Santamaria AB, Jenkins NT, Albini E,
Lucchini R. Fate of manganese associated with the
inhalation of welding fumes: potential neurological
effects. Neurotoxicology. 2006;27(3):304-10.

Pesch B, Weiss T, Kendzia B, Henry J, Lehnert M, Lotz
A, et al. Levels and predictors of airborne and internal
exposure to manganese and iron among welders. Journal
of Exposure Science & Environmental Epidemiology.
2012;22(3):291-8.

Insley AL, Maskrey JR, Hallett LA, Reid RC, Hynds ES,
Winter C, et al. Occupational survey of airborne metal
exposures to welders, metalworkers, and bystanders in
small fabrication shops. Journal of occupational and
environmental hygiene. 2019;16(6):410-21.

Newton A, Adams K, Serdar B, Dickinson LM, Koehler
K. Personal and area exposure assessment at a stainless
steel fabrication facility: an evaluation of inhalable,
time-resolved PM 10, and bioavailable airborne metals.
Journal of occupational and environmental hygiene.
2021;18(2):90-100.

Long Z, Jiang Y-M, Li X-R, Fadel W, Xu J, Yeh C-L, et
al. Vulnerability of welders to manganese exposure-A
neuroimaging study. Neurotoxicology. 2014;45:285-92.
Baker MG, Stover B, Simpson CD, Sheppard L, Seixas NS.
Using exposure windows to explore an elusive biomarker:
blood manganese. International archives of occupational
and environmental health. 2016;89(4):679-87.

Apostoli P, Lucchini R, Alessio L. Are current biomarkers
suitable for the assessment of manganese exposure in
individual workers? American journal of industrial
medicine. 2000;37(3):283-90.

Smith D, Gwiazda R, Bowler R, Roels H, Park R, Taicher
C, etal. Biomarkers of Mn exposure in humans. American
journal of industrial medicine. 2007;50(11):801-11.
Wongwit W, Kaewkungwal J, Chantachum Y,
Visesmanee V. Comparison of biological specimens
for manganese determination among highly exposed
welders. Southeast Asian journal of tropical medicine
and public health. 2004;35:764-9.

Hatatek T, Zinczuk-Walczak H, Szymczak M, Rydzynski
K. Neurological and respiratory symptoms in shipyard
welders exposed to manganese. International Journal
of Occupational Medicine and Environmental Health.
2005;18(3):265-74.

Crossgrove ], Zheng W. Manganese toxicity upon


http://dx.doi.org/10.52547/ioh.19.1.200
https://ioh.iums.ac.ir/article-1-3203-en.html
http://www.tcpdf.org

