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Abstract 
This study was conducted on 27 male welding workers who worked in a company that manu-

factures road construction machinery and is located in an industrial part of Iran, in the Central prov-

ince. In the serum, total antioxidant capacity (TAC), lipid peroxidation (LPO), DNA damage (8-OH-

dG)was measured. Mental health status was evaluated by General Health Questionnaire (GHQ-28) 

and achievement motivation was evaluated by Herman’s achievement motivation Test (ACMT), and 

job satisfaction was measured by Dennett Job Satisfaction Test. The results of this study showed 

that there was a reverse significant relationship between nickel and TAC with ACMT and job satis-

faction. The oxidative stress of Ni ended up in psychological disorders. As oxidative stress causes 

psychological disorders, the welding workers suffered from more psycho- pathology and were in 

need of greater care. 

Key Words: Nickel Welding Fumes, mental health status, achievement motivation, job satis-

faction, oxidative stress 

 

Introduction 

By generating reactive oxygen and nitrogen species, metal-induced toxicity and carcinogenici-

ty, make a lot of different changes to DNA bases, and enhance lipid peroxidation, and alter calcium 

and sulfhydryl homeostasis. Lipid peroxides, which are the result of  the attack of radicals on po-

lyunsaturated fatty acid residues of phospholipids, can react with redox metals which maylead into  

mutagenic and carcinogenic malondialdehyde, 4-hydroxynonenal and other exocyclic DNA adducts 

(etheno and/or propano adducts). While iron (Fe), copper (Cu), chromium (Cr), vanadium (V) and 

cobalt (Co) go through redox-cycling reactions, for a second group of metals like mercury (Hg), 

cadmium (Cd) and nickel (Ni), the primary route for their toxicity is attenuation of glutathione and 

bonding to sulfhydryl groups of proteins (Valko,&Cronin,2005;Malekirad et al.,2010; Malekirad et 

al., 2012; Shariatzade and Malekirad, 2007; Kim and Seo, 2012). Ni and Co are heavy metals found 
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in land, water, and air and can be absorbed by the body chiefly through the breathing system and 

pile up to a dangerous toxic amount. We know thatNickel compounds are carcinogenic to both hu-

mans and animals. Co compounds make tumors in animals and may be a risk factor for cancer for 

humans. People who work in industries are highly in danger of being exposed to these harmful met-

als(Patel et al., 2012).It is widely accepted that many heavy metals, including Ni, Cd, and Cr are 

toxic industrial chemicals that can have hazardous outcomes, for those who are  exposed  to them  

either in their working sites or in their environment (Permenter,Lewis,&Jackson,2011).When metal 

ion homeostasis is disrupted, oxidative stress may be the result which is a state in which excessive 

reactive oxygen species (ROS) overwhelms the body's antioxidant protection andconsequently DNA 

damage, lipid peroxidation, protein modification and some other effects may happen .These are all 

symptoms of several diseases like cancer, cardiovascular diseases ,diabetes, atherosclerosis, neuro-

logical disorders (Parkinson ‘disease, Alzheimer's disease),and chronic inflammation(Jomova and 

Valko, 2011; Kubrak et al., 2012;Malekirad et al.,2010;Fazli et al.,2012;Ranjbar et al., 2007; Koe-

drith and Seo, 2011).Heavy metals produce free radicals and cause oxidative and nitrosative stress 

with depletion of antioxidants. Ni sulfate treatment causes testicular oxidative and nitrosative stress 

in albino rats (Jargar et al., 2012). It is thought that the ability of metals like Ni, arsenic, and Cr to 

produce oxidative stress is partially the cause of their carcinogenic effects. The pervasiveness of 

oxidative stress in biological systems has made it relatively obvious responsible for cellular damage 

and/or development of disease. However, the oxidative stress-induced damage is not confined to its 

direct effects on cellular components, like lipids, proteins, and DNA, it can extend to the potentiality 

to change gene expression, as well (Chervona and  Costa, 2012).Besides, Ni exposure from metal 

inert gas (MIG) and tungsten inert gas (TIG) welding is related to work-related respiratory symp-

toms (Fishwick et al., 2004). Furthermore, another study has documented a high pervasiveness of 

symptoms of chronic bronchitis and other work- related respiratory symptoms in welders (Bradshaw 

et al., 1998). Also, other findings propose that limited and obstructive lung abnormalities, and air-

way irritation symptoms are associated with spot and arc welding exposures (Luo, Hsu &Shen, 

2006).There are various elements that can influence the pathological depositions, and generally, the 

reason for neuronal fatality in neurological disorders seems to be multifactorial. Yet, the underlying 

factor in the neurological disorders is now known to be the increased oxidative stress, which is 

backed up by the findings that the protein side-chains are modified either directly by reactive oxy-

gen species (ROS) and reactive nitrogen species (RNS), or indirectly, by the products of lipid perox-

idation (Jomova et al., 2010).With these facts in mind, the present study was designed to examine 

the relationship between psychological state and oxidative markers in welding workers who are ex-

posed to Ni. 

 

Study population 

The study was conducted on 27 male workers, with the age range of 27-50, who worked in a 

company located in an industrial part of Iran, in the Central province. All participants were provided 

with specific written specific information about the aims of the study before written consents were 

obtained, in accordance with ethical rules of Pharmaceutical Sciences Research Center (PSRC) of 

Tehran University of Medical Science where the study protocol was approved. Prior to blood collec-

tion, each individual was extensively interviewed by a specialized physician who filled in a struc-

tured questionnaire about disease and habit diet. Information on occupational history, socioeconom-

ic status (salary, education), and lifestyle information (smoking, alcohol consumption, drug uses, 

consumption of vitamin or antioxidant supplements, and dietary habits) were obtained from ques-

tionnaires and interviews completed by each worker, with a trained interviewer. The Iranian version 
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of the General Health Questionnaire (GHQ28) was used to identify high risk subjects for mental 

disorder, as well as the following four symptoms: "somatic symptoms", "anxiety and insomnia", 

"social dysfunction", and "severe depression (Ebrahimi et al., 2008) and Iranian version of 

Achievement Motivation Test (ACMT) and Job satisfaction were used to evaluated achievement 

motivation and job satisfaction (Hoomon and Asgari, 2001; Shahrabi Farahani, Farahbakhsh & 

Asghari, 2012). All subjects were submitted to complete clinical examination to detect any signs or 

symptoms of chronic diseases such as arterial hypertension, heart failure, cancer, thyroid distur-

bance, asthma, diabetes, and anemia. Individuals with chronic disease, alcohol consumption, anti-

oxidant consumption, and/or under drug treatment, or exposure to other toxic materials, radiation 

therapy, or substance abuse were excluded from the study. Blood samples were collected from in-

cluded subjects between 7 and 8 a.m. before entering the workplace on Saturday as the beginning of 

the weekly work shift. Blood samples were collected into heparinized tubes and immediately centri-

fuged at 3000g for 10 min and the plasma was separated and freezed at -80
0
C for further analysis of 

oxidative stress markers.  

 

Assay of oxidative stress markers: Ni 

The activities of 8-hydroxy-2-deoxy guanosine (8-OH-dG) as measure of deoxyribonucleic ac-

id (DNA) damage were assayed using ELISA kits. The basis of determination of this parameters in 

the kits was as the following: 8-Hydroxy-2-deoxy guanosine (8-OH-dG) kit was assayed using an 

anti-mouse IgG-coated plate and a tracer consisting of an 8-OH-dG-enzyme conjugate and 8-OH-dG 

antibody recognizing both free 8-OH-dG and DNA-incorporated 8-OH-dG(Bayrami et al., 2012). 

To measure the rate of lipid peroxidation (LPO), thiobarbitturic acid TBA method was used (Estera-

beur and Cheeseman, 1990). The basis of measurement of total antioxidant capacity (TAC) was to 

analyze the ability of plasma in reducing Fe3  to Fe2  in the presence of TPTZ. Fe2 -TPTZ as blue 

complex is absorbed in 593 nm (Benzi and Strain, 1999). Ni in plasma samples was measured by 

graphite-furnace atomic absorption spectroscopy.  

 

Statistical Analysis  

Results are presented as Mean±SD. Statistical analyses were conducted using Stats Direct 

2.7.8 software. Relationships between parameters were determined by use of canonical correlation 

analysis. P-value of less than 0.05 was considered statistically significant. 

Results and Discussion 

Table 1 shows the average levels of subject’s age, duration of employment, TAC, LPO, 8-OH-

dG, GHQ, ACMT and Job Satisfaction. 

Table 2 presents the results of the canonical correlation analysis. This analysis was used to de-

termine the degree to which the oxidative stress markers were related to the Psychological variable. 

The canonical analysis revealed that only third root canonical correlations were statistically signifi-

cant (p < .05). Indeed, the third canonical correlation (Rc1 =0 .36) was statistically significant. 

Data pertaining to the third canonical root are presented in Table 2. This table provides both 

standardized function coefficients and structure coefficients. The standardized canonical function 

coefficients revealed that, using a cutoff correlation of 0.3 recommended as an acceptable minimum 

coefficient value, TAC and Nickel made significant contributions to the Career motivation and Ca-

reer satisfaction. 

The structure coefficients (Table 2) indicated that both 8-OH-dG and TAC made important 

contributions to the Career motivation. The square of the structure coefficient (Table 2) indicated 

that TAC made a very large contribution, explaining 0.76. 
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Comparing the standardized and structure coefficients showed that 8-OH-dG and LPO ap-

peared to be collinear with at least one of the other variables because their standardized coefficients 

were small. 

 

Table 1. Plasma oxidative stress markers, psychological parameters and demographic 

data in workers 

 

Parameters mean                        SD  

TAC(mmol mL
-1

 )             318.45                      72.81    

LPO(mmol mL
-1

 )    18.20                2.87  

8-OH-dG(Pg/mL)    393.62                       82.57  

GHQ28                            18.18              9.74 

ACMT                              21.36                        6.69 

Job Satisfaction                 161.88                     45.98 

Age                                   40.07                         7.91 

Worker History                  12.13                        7.94 

Values are as Mean±SD 

 

Table 2.Canonical solution for third function: relationship between oxidative stress 

markers and psychological variable 

Structure 

Coefficient 

Standardized 

Coefficient 
Variable  

-0.40* -0.24 OHdG 

O
x

id
ativ

e stress 

m
ark

ers 

0.13 0.17 LPO 

0.86* -0.95* TAC 

-0.11 -0.47* Nickel  

-0.19 -0.18 GHQ P
sy

ch
o

lo
g
ical 

v
ariab

le 

-0.90* -0.98* Career motivation 

-0.22 0.32* Career satisfaction 

coefficients with effect sizes larger than .3 * 

 

 

As the results of present study show Ni and TAC with ACMT and job satisfaction have a re-

verse relationship. It seems that the piling up of Ni in the workers induces free radicals and oxida-

tive stress and following those TAC increases because of its contrast with oxidative stress.The pres-
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ence of pollution and its absorption into body was traced in the plasma of involved workers. The 

main reason for this increase in plasma level may be the poor and unsuitable protection tools. 

When the workers were interviewed and the industry was inspected, it became clear that 

workers were not trained enough to use working clothes and gloves as well as wearing masks or tak-

ing regular shower. There were no proper washrooms and even standard masks. However, the work-

ers were more willing to use clothes, gloves, and shoes. 

There was also a negative significance between Ni and TAC with ACMT and job satisfaction.  

he oxidative stress ratio was significantly higher in the welding exposed workers of control groups 

(du Plessiset al., 2010; Imamoglu et al., 2008; Han et al., 2005).Also, in comparison to control, in 

Ni-platers the level of plasma lipid peroxidation was significantly high and erythrocyte antioxidants 

were significantly low. The level of plasma lipid peroxidation was positively and erythrocyte anti-

oxidants were negatively significantly correlated with the urine Ni levels. (Kalahasthi et al., 

2006).Another study reported that there were significant relationship between urine metals levels 

and the length of welding work; on the other hand, Ni was significantly inversely related to GSH 

(Luo,Hsu, &Shen,2009). Mukherjee et al. (2004) reported that Ni, V, Cr, and Cu were significantly 

associated with the 8-OH-dG level (Mukherjee et al., 2004).Xing et al. (2012) reported that theory 

of reasoned action is suitable for welding worker occupational health related behaviors (Xing et al., 

2012).Moreover, another study showed that welders and controls performed similarly on tests of 

verbal skills, verbal retention, and auditory span, welders performed worse than controls on tests of 

verbal learning, working memory, cognitive flexibility, visuomotor processing speed, and motor ef-

ficiency. Welders had poorer color vision and emotional status, and increased prevalence of illnesses 

and psychiatric symptoms. The increased symptoms in welders were related to decreased scores on 

tasks measuring verbal learning, visuomotor abilities, visuospatial abilities, and information 

processing, and motor efficiency (Bowler et al., 2003). Michel et al. (2012) found  correlations of 

lower oxidative stress with antidepressant treatment and clinical outcome measures (Michel et al., 

2012). Another study suggested that the increase of antioxidant defenses may be one of the mechan-

isms underlying the neuroprotective effects of antidepressants in the treatment of Major depressive 

disorder (Behr et al., 2012). Another study showed that people who suffered mild cognitive impair-

ment (MCI) had increased brain oxidative damage before the onset of symptomatic dementia 

(Praticò et al., 2002). Racette et al. (2005,2012) reported that welders have a high prevalence of Par-

kinsonism compared to nonwelding-exposed workers (Racette et al., 2012;Racette et al., 

2005),while results from other studies do not support an association between welding occupations 

and death from Parkinson's disease or other neurodegenerative diseases (Stampfer,2009;Kenborg et 

al., 2012;Fryzek et al., 2005;Fored et al., 2006). 

 

Conclusion 

The oxidative stress of Ni ends up in psychological disorders. Asoxidative stress causes psy-

chological disorders, the welding worker suffered from more psycho- pathology and were in need of 

greater care. However, providing workers with proper protective tools and training and encouraging 

them to use those tools, together with taking daily shower can definitely reduce the risk of exposure 

to toxic elements and may prevent them from entering the workers' bodies. 
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