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ABSTRACT 
Background:Purpose of present study was to investigate whether chronic exposure to 
zinc fume would affect serum zinc levels, memory, and cognition in zinc fume-exposed 
workers.  

Methods:In a cross-sectional study, all zinc fume-exposed workers (exposed, n=20) were 
compared with unexposed workers (reference, n=20) matched for sex and education level 
in a zinc galvanization factory. The workers were undergone Wechsler Memory Scale 
(WMS) and Mini Mental State Examination (MMSE). Mean WMS score in exposed group 
(75.80 ± 14.40) was significantly lower than reference group (91.65 ± 15.79); however 
there was no significant difference in MMSE scores between two groups. There was a 
negative linear relationship between memory, MMSE scores, and serum zinc level. 
Exposure to zinc fume may lead to memory problems.  

Conclusion:Regular measurement of serum zinc level is recommended for exposed 
individuals.  
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Zinc (Zn) is fourth most abundant intercellular 

metal and a biologically essential trace metal 

that is found in over 200 enzymes and 

proteins(1). Within central nervous system zinc 

is present in many areas of brain particularly in 

hippocampus and amygdale(2) manipulate 

brain structure and function(3). Hippocampus 

participates in spatial learning and memory and 

contains a higher concentration of Zn than any 

other regions of brain. Moreover zinc is an 

essential element for synapse formation, and 

structural plasticity (4).    

Zn supplementation studies in infants and 

pregnant women have demonstrated benefits in 

terms of cognitive development of infants and 

babies born from mothers taking supplements 

(5-7).     

Effects of Zn on cognitive function in 

older adults were evaluated in some studies as 

well.  Ortega et al. examined 260 Spaniards 

aged 65–90 years and found that better 

cognitive scores were associated with greater 

dietary intake of a number of nutrients 

including Zn; suggesting that zinc may 

influence cognitive functions. However, 

authors have accredited that their design was 

unable to establish cause and effect relationship 

or to exclude possible confounding factors (8). 

Yaffe et al. run cognitive tests on 2166 adults 

aged 61–87 years, half of whom had been 

receiving Zn supplements (80 mg/d) for several 

years. There were no significant differences 

between groups but authors noted several 

limitations to their study, including lack of 

cognitive measures before supplementation, 

and loss of 40% of participants (9).  

There have been fewer studies on Zn 

supplementation in children and adults and 

although improvements in cognitive function 

have been reported, methodological issues 

suggest that further data are required (10). 

Attention has been also focused on 

possible adverse effects of elevated 

concentrations of zinc, which is known to play 

a major role in cell damage following stroke 

and may be a risk factor in Alzheimer's disease 

(AD), a pathological state which causes neuro-

degeneration in some brain areas with great 

impairment of cognition(11, 12). Rats given 

short-term, high doses of zinc chloride (50 or 
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100 mg/kg by gavages at 10% of body weight) 

had deficits in spatial learning(13). Cognitive 

deficits have also been reported in infants given 

zinc supplements 30 mg daily(14). This is 

potentially a concern because zinc is the most 

abundant and the most soluble transition metals 

in natural systems, and levels of zinc in natural 

waters, especially in reservoir sediments, are 

continuing to rise(15).  

Workers involved in galvanizing, 

smelting, welding, or brass foundry operations 

are exposed to metallic zinc and zinc 

compounds. To protect workers, OSHA has set 

an average legal limit of 1 mg/ m
3
 for zinc 

chloride fumes and 5 mg/m
3
 for zinc oxide 

(dusts and fumes) in workplace air during an 8-

hour workday, 40-hour work weekly. National 

Institute for Occupational Safety and Health 

(NIOSH) similarly recommends that level of 

zinc oxide in workplace air should not exceed 

an average of 1 mg/m
3
 over a 10-hour period of 

a 40-hour work weekly (Agency for Toxic 

Substances and Disease Registry, 

Toxicological profile for Zinc, U.S. 

Department of Health and Human Services 

Public Health Service, August 2005). 

To evaluate possible adverse effects 

associated with chronic zinc fume exposure in 

workplace, we decided to examine whether 

zinc fume exposure would affect memory, 

cognition and serum levels of zinc in current 

study.  

  

MATERIALS AND METHODS  

Population of present study consisted of 

all zinc galvanizing line workers in a zinc 

galvanization factory (exposed group), and 

workers involving in cutting and grinding 

metal part of the factory before galvanization 

section (reference group). Since all zinc fume-

exposed workers (n=20) were evaluated, 

reference group (n=20) were matched for 

gender, education level, smoking status and 

alcohol consumption (Table 2). Workers of 

both groups were male. Shift work hour for 

workers was 12 hours daily. 

 

Memory Assessment 

Memory was assessed
 

using Wechsler 

Memory Scale, 3rd ed. (WMS-III)
 16

.
 
Subtests 

of WMS-III were grouped into immediate 

memory, general memory, and working 

memory; all both auditory and visual. Many 

subtests are separated into two conditions: 

immediate condition and delayed condition 

which is run approximately 35 to 45 minutes 

after immediate condition. Following subsets, 

sums of scaled scores and index scores were 

derived and achieved: Auditory Immediate 

Memory, Visual Immediate Memory; Auditory 

Delayed Memory, Visual Delayed Memory, 

Auditory Recognition Delayed Memory; and 

Working Memory.  

 

Cognitive Assessment 

Global cognitive function was evaluated 

based
 

on workers' score on
 

Folstein Mini-

Mental State Exam (MMSE)
 
(17). Maximum 

score of MMSE is 30, and scores below 24 are 

suggestive
 
of cognitive deficits (18).

  

 

Laboratory Measure 

Blood samples from workers were sent to 

a reference laboratory for serum zinc level 

determination which was measured by flame 

atomic absorption spectrophotometry using a 

modification of method described by 

Kirgbright (19). Samples were kept on ice and 

transported
 

to laboratory immediately where 

they were separated and aliquoted.  

 

Procedures 

Present work is supported by Department 

of Occupational Medicine; additionally was 

reviewed and approved by Institutional Ethics 

Committee of in Isfahan University of Medical 

Sciences. It was a cross-sectional study 

conducted in a zinc galvanization factory. An 

informed consent was obtained following a full 

explanation of procedures. All workers 

underwent a neuropsychological assessment 

included measurement of memory and 

cognition functions. Workers were interviewed 

and tested by a general physician, formally 

trained in procedures by department of 

psychiatry. General physician was unaware of 

participants' blood Zn concentrations (which 

were analyzed separately) and workers’ groups 

(exposed or reference). Testing was scheduled 

to begin in same time of day (late morning to 

early afternoon) in both groups. All 
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participants were matched based on educational 

level, smoking habits, and alcohol 

consumption.  Furthermore subjects were asked 

about their present
 
and past medical history of 

acute or chronic diseases, and present
 
and past 

history of medication intake.
 

No workers 

suffered from neurodegenerative disease, or 

physical problem as a part of their clinical 

assessment each year.  

 

Statistical analysis 

Data are presented as mean  SD or n 

(%) where appropriate. Independent sample t-

test was performed to compare means of 

different variables (age, length of working in 

factory, serum zinc concentration; memory and 

MMSE scores) in two groups. Proportion of 

WMS-III and MMSE scores in different group 

of workers was compared using chi square test. 

For evaluation of relationships between serum 

zinc levels; memory or MMSE scores, 

Spearman correlation test was used. Statistical 

tests were two tailed and P values less than 

0.05 were considered significant. All analyses 

were performed using SPSS software version 

13.0.  

RESULTS 

Results showed that age of exposed and 

reference groups were not statistically 

different. However, there was a statistically 

significant difference between mean lengths of 

working in factory between two groups. Most 

workers in exposed group had employed less 

than five years, whereas in reference group 

most workers had employed 5-10 years. Data 

on age, working lengths in factory, smoking 

and educational status of the workers are 

presented in Table 1. Participants in both 

groups reported no  history of alcohol drinking.  

There was statistically significant 

difference between WMS-III scores in two 

groups (Table 2). Mean MMSE score in 

exposed group was less than reference group; 

however it was not statistically significant. 

Significantly higher serum zinc concentration 

was also found in exposed group compared to 

reference group (Table 2).  

There was a negative linear relationship 

between serum Zn levels and WMS-III score 

(R, -0.49; P value = 0.004) or MMSE score (R, 

-0.38; P value = 0.024).  

Results of WMS-III scores were 

organized into summary index scores, 

reflecting Verbal, Visual, Immediate and 

Working memory and interpreted as following: 

130 and above as very superior abilities; 120-

129 superior; 110-119 high average abilities; 

90-109 average abilities; 80-89 low average; 

70-79 borderline abilities; and 69 and below 

considered as impairment. Differences in 

proportions of WMS-III scores in different 

groups of workers were statistically significant 

(Table 3).  

Following categories for MMSE scores 

were also established: severely impaired 11; 

moderately to severely impaired 19; mildly to 

moderately impaired 20-24; possibly mild to 

moderately impaired 25-27; and possibly 

normal 28-30. Results regarding proportions of 

MMSE scores among workers shown in Table 

4. Differences in proportions of MMSE scores 

in two groups of workers were not statistically 

significant. 

 

 

Table 1: Comparison of different variables including age and working lengths in the factory in 

exposed and reference groups. 

Variables Reference Exposed P-Value 

Age (year)  

(Mean  ± SE) 

 

32.65 ± 1.33 

 

35.20 ± 1.51 

 

0.214 

Working lengths in the factory 

(Mean  ± SE)  

 

7.11 ± 0.92 

 

4.74 ± 0.66 

 

0.045 
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SE, Standard error of mean; 

Table 2: Comparison of Serum Zn concentration, WMS-III score, MMSE score in exposed and 

reference groups. 

Variables Mean  ± SD P-Value 

Serum Zn concentration (µg/ml) 

Reference 

Exposed 

 

74.10 ± 8.21 

112.50   ±  7.59 

 

<0.001 

WMS-III score 

Reference 

Exposed 

 

91.65 ± 15.79 

75.80   ±  14.40 

 

0.002 

MMSE score 

Reference 

Exposed 

 

24.50 ± 1.00 

23.70 ±  1.52 

 

0.058 

 

SD, Standard deviation; WMS-III, Wechsler Memory Scale, 3
rd

 version; MMSE, 

Mini-Mental State Exam, Zn, Zinc 

 

 

Table 3: Proportion of WMS-III score among worker 

 Reference Exposed P Value 

 

 

WMS-III Score 

< 69 2 (10) 8 (40)  

 

0.04 

70-79 1 (5) 4 (20) 

80-89 5 (25) 4 (20) 

90-109 11 (55) 4 (20) 

110-119 1 (5) 0 

Total 20 (100) 20 (100) 

Data are presented as n (%). 

WMS-III, Wechsler Memory Scale, 3
rd

 version 
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Table 4: Proportion of MMSE score among workers 

 

 

 

 

 
 

 

 
 

 
 

 
 

 

 

Data are presented as n (%). 

MMSE, Mini-Mental State Exam,

 

DISCUSSIONS 

Current study suggests that chronic Zn 

fume exposure may be associated with memory 

impairments. Results show that Zn fume 

exposure in zinc galvanization factory led to 

increased levels of serum zinc concentration 

and impairment in memory of exposed 

workers. To the best knowledge of authors, 

there has not been any previous study on  

 

memory problems and Zn exposure; however 

study by Flinn et al., showed enhanced zinc 

consumption cause memory deficits and 

increased brain levels of zinc in rat(20). Zinc is 

involved in developmental regulation of 

neurotrophins and N-methyl-D-aspartate 

(NMDA) receptors, controlling use of 

glutamate as a neurotransmitter in central 

nervous system (CNS)(
 
21). This is particularly 

important in hippocampus; a region of brain 

involved in learning and memory. It is an 

intriguing link to role of zinc in 

neuropsychological development(21). Other 

contaminants in galvanizing factory may be 

also involved in reducing memory which was 

not evaluated in our study (22); for example 

developing motor and intellectual skills require 

zinc and iron (23).  

Although relationship between serum Zn 

level and memory score was not strong, it  

might support the idea that Zn fume 

exposure is an effective factor on memory 

impairment.  

Statistical data analysis shows that 

MMSE scores were not statistically different  

 

 

 

between the groups with p value of 0.058; 

however this could be due to small sample size.  

During past decade, many trials were 

performed to
 
evaluate effects of postnatal zinc 

supplementation on mental
 
and psychomotor 

development during infancy and childhood; 

however
 

these investigations have provided 

conflicting results. Kirksey
 
et al.(

 
24) reported  

positive relation between intake of estimated
 

available dietary zinc during pregnancy with 

neonatal behavior
 

and motor development. 

Merialdi et al.
 
(25)

 
evaluated effect of

 
zinc 

supplementation during pregnancy on 

neurobehavioral
 

development of  fetuses in 

Peruvian women. They found that zinc 

supplementation led to fewer episodes
 

of 

minimal fetal heart rate variability and 

increases in
 
fetal movement.(25) In contrast to 

these,  results of a study in Bangladesh showed 

that zinc enrichment led to reductions in 

cognitive performance in infants given zinc 

supplements(14). Findings by Hamadani
 
et al. 

consistent with Black et al.
 
(26) showed no 

direct effects of zinc supplementation on infant 

development
 

or behavior at either 6 or 10 

months; our results also showed that exposure 

to zinc fume may have negative effects on 

memory and cognition(14,26). 

In an effort to assess effects of zinc 

supplementation on cognitive function of an 

adult population, Simpson and co workers 

reported an age- and gender-related effect on 

cognitive functioning(22). In our study, all 

workers in both groups were male and young. 

 Reference Exposed P value 

MMSE Score 20-24 6 (30) 12 (60) 0.057 

25-27 14 (70) 8 (40) 

Total 20 (100) 20 (100) 
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It has been demonstrated that interpretation of 

MMSE scores depends on  person's age and 

education
 

level
 

(27). However in our study 

exposed and reference groups had been 

matched for sex and education level and there 

was not a significant difference between mean 

ages of groups. Mental disorders can lead to 

abnormal findings on MMSE testing; as well as 

presence of purely physical problems. In our 

study no workers suffered from physical or 

mental problems, as revealed by their clinical 

assessment.  

We found a significant but relatively 

weak correlation between serum Zn level and 

WMS and MMSE scores which may be indeed 

due to one of many possible confounding 

factors. 

The above findings direct authors to 

suggest a possible role of chronic zinc fume 

exposure in pre-clinical memory impairment. 

Authors raise question whether pre-clinical 

detection of zinc neurotoxicity and consequent 

early treatment might help to prevent or retard 

onset of different central nervous system 

pathologies. 

present study has some limitations:  
1- As a major limitation, we did not measure other 

neurotoxic metals in working environment and 

biological fluids. It is reported that technical 

grade zinc used in galvanization process has 

about 1.0 to 20.0 ppm lead as impurity.  

2- We did a biologic monitoring; however failure 

to characterize zinc fume exposure 

(particle/fume size, composition, and aerosol 

concentrations) is a shortage in our study.  

3- Although all zinc fume exposed workers were 

evaluated (n=20), sample size in this study is 

too small to be able to confirm definitely effect 

of zinc fume inhalation on memory. Studies 

with larger sample sizes are necessary to 

corroborate results of current study.  

 4- Certain zinc galvanization processes may also 

result in co-exposure to chromium, iron (steel), 

and other metals which were not evaluated in 

our study. However, relationship between 

serum Zn level and memory score might 

support that part of memory impairment may 

be due to Zn fume exposure.  

5- The subjects were not randomly assigned in 

each group. Assignment in two studied groups 

was based on their ability and special skills, 

which may be related to mental capacity. It 

may be possible that less skilled workers had 

been hired in areas of higher exposure. 

Therefore, although we measure WMS 

and MMSE scores on workers to find 

relationship between serum Zn levels and 

memory or cognition, the above limitations 

could affect the scores of the tests. A dose 

response study with larger sample size is 

recommended to confirm these findings.  
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