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Abstract: There has been growing concern over the impact of environmental exposure to heavy
metals and other trace elements on immunologic functions. This study investigated men’s
arsenic (As), cadmium (Cd) and lead (Pb) contents in hair samples and their associations with
immunological indicators, including white blood cell (WBC), lymphocyte and monocyte counts,
and the immunoglobulin (Ig) levels including IgA, IgG and IgE. We recruited 133 men from
one antimony trioxide manufacturing plant, two glass manufacturing plants and two plastics
manufacturing plants. The mean concentration of Cd [0.16 (SD = 0.03) ug/g] was lower than means of
As [0.86 (SD = 0.16) ug/g] and Pb [0.91 (SD = 0.22) ug/g] in hair samples, exerting no relationship with
immunologic functions for Cd. The Spearman’s correlation analysis showed a positive relationship
between monocyte counts and hair Pb levels, but negative relations between As and IgG and between
As and IgE. In conclusion, findings from these industry workers suggest that As levels in hair may
have a stronger relation with immunologic function than Cd and PB have. Further research is needed
to confirm the negative relationship.
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1. Introduction

Studies have found that exposure to heavy metals and other trace elements may compromise
various aspects of the immune system. Among these elements, arsenic (As), cadmium (Cd) and
lead (Pb) have received more attention and investigations [1–6]. Cell culture study shows that
the chemotherapeutic agent arsenic trioxide could inhibit early T cell cytokine production. [7].
Negative associations have been found between urine arsenic levels and proliferative response
to phytohemaglutinin stimulation, CD4, CD4/CD8 ratio, and IL-2 secretion levels in children [1].
In an animal study, rats consuming water with 50.0 ppm of Cd for 30 days are at greater risk
of intestinal inflammation than those with 5.0 ppm of Cd [3]. Consuming a high amount of Cd
increases the numbers of NK and CD68 (+) cells, oxidative activities and IL-1β. Lead is a ubiquitous
environmental pollutant posing a serious health threat to humans. Blood lead levels below 10 µg/dL
may exert the later-life immune alteration by reducing the Type 1T helper cell response and elevating
the autoimmune risk [5].

Studies on relationships between heavy metal exposure and immunological effect using in vivo
and in vitro methods are with conflicting results [2,8]. Limited studies have observed effects of trace
elements on humans using immunologic indicators. The cross-sectional study using National Health
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and Nutrition Examination Survey (NHANES) data from 1999 to 2012 showed that elevated blood
levels of Pb and Cd might increase the susceptibility to chronic infections [6]. Workers with higher
Pb exposure may have depressed T helper lymphocytes, IgG, IgM and C3, C4 complement levels,
chemotaxis, and random migration of neutrophils [9]. These relationships for humans with low metal
exposures have not been fully confirmed. This study aims to examine men’s blood As, Cd and Pb
levels and their associations with immunological indicators among industrial workers.

2. Materials and Methods

2.1. Sample Collection and Treatment

This study recruited 133 male employees at one plant manufacturing antimony trioxide, two plants
manufacturing glasses and two plants manufacturing plastics. Our study designs and procedures
have been reported previously [10]. In brief, we collected specimens of blood, urine and hair from
each participant with consent after the IRB approval (DMR99-IRB-142(FR)). Digested samples were
analyzed using Inductively Coupled Plasma Mass Spectrometer (ICP-MS) (Perkin-Elmer SCIEX ELAN
DRC II, Concord, ON, Canada) by an analyzer who was blinded to sample identifications. Blood
samples were also collected for the assay of white blood cell (WBC) count, lymphocyte and monocyte
and the immunoglobulin assay, including IgA, IgG and IgE. Information on socio-demographic status,
lifestyle and work history were collected using questionnaires.

For the present study, we used As, Cd and Pb measured from hair samples to evaluate the
relationships with immunologic factors. Because of slow growth, elements measured in hair represent
a longer accumulation of the elemental exposure from diet, drink and air [11–13]. The hair sample
analysis thus has an advantage over blood and urine samples, which show the current and recent
burden. We considered that trace elements in hair could be better representative of exposure. Although,
findings from hair mineral analysis may vary among laboratories [14]. A pinch of hairs near the neck
from each participant was collected for analyzing trace elements. We used 1:200 (v/v) Triton X-100
solutions to clean hair samples, followed by acetone, and washed samples twice with deionized water.
Clean samples were dried at 75 ◦C for 24 h in an oven, then stored in an electronic dry cabinet at room
temperature for 12 h or longer until digestion. The dried hair (0.2 g) was digested in a microwave
with 3 mL of 70% nitric acid and diluted to 10 mL with 1% (v/v) hydrochloric acid. The analyzer
mixed 1 mL of the solution, 1 mL of Indium standard solution (as an internal standard) and 8 mL
of 1% (v/v) hydrochloric acid to measure trace elements, using ICP-MS (Perkin-Elmer SCIEX ELAN
DRC II, Waltham, MA, USA) [15]. The limit of detection (LOD) of ICP-MS for blanks and the limit of
quantification (LOQ) for the hair samples were 0.0008 µg/g and 0.014 µg/g for Pb, 0.0000 µg/g and
0.018 µg/g for Cd and 0.0015 µg/g and 0.021 µg/g for As, respectively. For further validating the
analytical method, we conducted external quality control analyses to measure concentrations of these
3 elements using a certified reference hair sample (CRM GBW-09101-Human Hair, Shanghai Institute
of Nuclear Research Academia Sinica, Shanghai, China). The recovery rates for the 3 elements were
91.2%, 92.1% and 82.4%, respectively.

2.2. White Blood Cell and Immunoglobulins Determination

Blood samples were stored at 4 ◦C and sent to the China Medical University Hospital for assaying
WBC counts and the immunoglobulin in 24 h. The white blood cell counts were performed with flow
cytometry (Automated Hematology Analyzer of Beckman Coulter LH series). A 10 mL blood sample
was centrifuged to obtain serum for IgA and IgG assay using turbidimetry (Nephelometer, Hitachi 747,
Tokyo, Japan), and IgE quantification using Enzyme-linked immunoassay [16].

2.3. Statistical Analysis

Data analysis first calculated mean (standard deviation, SD) levels of hair As, Cd and Pb for
133 male participants recruited from the 5 plants by age, type of plant they worked with, smoking
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and drinking. We further calculated the 25th, 50th and 75th percentile values of PB, Cd and As in hair
samples. Mean values of White blood cell (WBC), lymphocyte, monocyte, IgG, IgA and IgE by levels of
Pb, Cd and As in percentiles of <25th, 25th–74th and ≥75th were measured and tested using one-way
ANOVA. We further calculated Spearman’s correlation coefficients between these immunological
indicators and the 3 trace elements.

3. Results

3.1. Mean Values of As, Cd and Pb by Age, Plant Type and Lifestyle

Mean values of As, Cd and Pb in hair samples decreased with age, the trend was significant
for mean Pb levels (Table 1). Levels of Cd exposure also varied little in association with types of
plant, smoking and drinking. The overall mean value was the highest for Pb and the lowest for Cd.
Participants recruited from glass plants had higher exposure to trace elements. Mean hair levels of
these elements were not higher in smokers. Drinking was associated with a slightly higher mean Pb
level, but significant.

Table 1. Mean levels of As, Cd and Pb in hairs of study subjects (n = 133) by their age, job type
and lifestyle.

Personal
Characteristics

n
Metal in Hair

Pb (µg/g) Cd (µg/g) As (µg/g)

Mean (SD) a Mean (SD) a Mean (SD) a

Age, Years 0.91 (0.22) 0.16 (0.03) 0.86 (0.16)
<30 16 1.10 (0.14) 0.18 (0.02) 0.92 (0.16)
30–50 90 0.89 (0.22) 0.16 (0.03) 0.86 (0.17)
>50 27 0.85 (0.20) 0.17 (0.03) 0.83 (0.14)

p-value * <0.001 0.22 0.26

Factory
Glass 75 1.02 (0.22) 0.17 (0.03) 0.89 (0.19)
Antimony 23 0.82 (0.11) 0.16 (0.03) 0.87 (0.15)
Plastics 35 0.72 (0.08) 0.16 (0.03) 0.81 (0.07)

p-value * <0.001 0.12 0.04

Smoking
No 94 0. (0.23) 0.15 (0.02) 0.85 (0.16)
Yes 39 0.89 (0.19) 0.19 (0.03) 0.88 (0.17)

p-value * 0.56 0.15 0.33

Drinking
No 89 0.88 (0.20) 0.16 (0.03) 0.86 (0.16)
Yes 44 0.97 (0.24) 0.17 (0.03) 0.86 (0.17)

p-value * 0.01 0.21 0.92
a SD: standard deviation; * Kruskal–Wallis Test or Mann–Whitney U test.

3.2. The Quintile Values of As, Cd and Pb

Table 2 shows means of the 3 trace elements in hair samples and the 25th, 50th and 75th percentile
levels among the participants. The levels changed greater for Pb and As than for Cd, from 0.74 µg/g at
the 25th percentile to 1.11 µg/g at the 75th percentile for Pb and correspondingly from 0.74 µg/g to
0.91 µg/g for As. The Cd levels varied little among participants.
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Table 2. The Distribution of Pb, Cd and As in hair of study population (n = 133).

Metal in Hair
Percentile

Mean (SD) a

25th 50th 75th

Pb (µg/g) 0.74 0.87 1.11 0.91 (0.22)
Cd (µd/g) 0.14 0.15 0.18 0.16 (0.03)
As (µg/g) 0.76 0.82 0.91 0.86 (0.16)

a SD: standard deviation.

3.3. Associations betweem Immunological Indicators and Selected Metals in Hair Sample

Table 3 shows mean values of immunological indicators by the percentile ranges (<25th, 25th–74th
and ≥75th) of trace elements. Measured mean values of all indicators were not different among the
3 Pb groups and among the 3 Cd groups. Mean IgG and IgE values decreased as the As level increased,
and the relationship was significant between As and IgG (p = 0.014) and between As and IgE (p = 0.033).
The mean IgA value was also the lowest for individuals with hair As at ≥75th levels (p = 0.012).

Table 3. Mean levels of immunological indicators by quartile distributions of metals in hair samples.

Immunological Indicators
Metal in Hair

p-Value b
<25th Tile 25th–74th Tile ≥75th Tile

Mean (SD) a Mean (SD) a Mean (SD) a

Pb in hair
WBC *, 103/µL 6.43 (2.38) 6.38 (1.81) 6.42 (1.67) 0.992
Lymphocyte, % 31.97 (5.22) 32.28 (4.37) 33.69 (4.15) 0.222

Monocyte, % 6.73 (0.93) 6.67 (0.84) 6.85 (0.46) 0.530
IgG, mg/dL 966.7 (113.0) 944.1 (131.7) 928.2 (121.8) 0.440
IgA, mg/dL 240.1 (40.8) 231.2 (31.4) 228.3 (25.4) 0.293
IgE, mg/dL 127.8 (23.8) 128.1 (16.4) 127.3 (18.9) 0.809

Cd in hair
WBC *, 103/µL 6.02 (1.55) 6.37 (1.89) 6.68 (2.13) 0.420
Lymphocyte, % 33.50 (3.45) 32.84 (4.57) 31.66 (4.98) 0.247

Monocyte, % 6.72 (0.47) 6.69 (0.81) 6.82 (0.87) 0.670
IgG, mg/dL 949.6 (112.7) 955.4 (130.2) 926.1 (121.3) 0.484
IgA, mg/dL 232.1 (28.1) 237.5 (29.7) 224.6 (38.3) 0.129
IgE, mg/dL 125.1 (17.2) 127.6 (16.9) 128.2 (22.9) 0.822

As in hair
WBC *, 103/µL 6.23 (1.57) 6.16 (1.78) 7.07 (2.34) 0.064
Lymphocyte, % 32.69 (3.27) 32.60 (4.91) 32.47 (4.98) 0.981

Monocyte, % 6.88 (0.75) 6.60 (0.73) 6.86 (0.88) 0.146
IgG, mg/dL 963.2 (106.6) 955.1 (137.9) 909.7 (107.5) 0.014
IgA, mg/dL 233.4 (20.1) 239.2 (36.3) 218.9 (31.0) 0.012
IgE, mg/dL 131.2 (17.5) 129.1 (14.9) 120.2 (24.9) 0.033

a SD: standard deviation; b test by One-Way ANOVA; * White blood cell.

In the Spearman’s correlation analysis, results showed significant positive relationship between
monocyte values and hair Pb levels, but negative relationships between IgG and As levels and between
IgE and As levels (p < 0.05) (Table 4).
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Table 4. Spearman’s correlation between immunological indicators in blood samples and arsenic,
cadmium and lead levels in hair samples.

Immunological Indicators Metal in Hair

Pb Cd As

WBC 0.089 0.071 0.131
Lymphocyte 0.113 −0.111 0.027

Monocyte 0.185 * 0.079 −0.013
IgG −0.128 −0.023 −0.184 *
IgA −0.132 −0.091 −0.098
IgE −0.109 0.110 −0.176 *

* p < 0.05.

4. Discussion

In this study, we evaluated mean values of each immunologic factor by percentile levels of As,
Cd and Pb. We found that only mean values of IgA and IgE in blood were significantly varied by the
hair As level. Mean IgA was higher in men for the 25–74th percentile levels of As, while the mean IgE
reduced as the As level increased. However, the Spearman’s correlation analysis showed that the hair
As concentration was significantly reversed associated with the blood IgE value, but not with IgA
values. It is interesting to note a significant positive relationship between blood monocyte values and
hair Pb levels.

Previous studies on the immunologic function associating with Cd are mainly animal models
with effects varying by exposure levels of Cd [4]. Low levels of Cd exposure may enhance the humoral
immune response, while high levels of exposure may reduce the antibody production. An animal
study found that oral intake of 5 ppm and 50 ppm of Cd can cause gut tissue injury, stimulating the
immune activities of mesenteric lymph node cells [3]. Exposure to such a high Cd concentration is
generally not possible to occur in human life. However, analysis of the US NHANES data reveals that
the susceptibility to chronic infections, including Helicobacter pylori, Toxoplasma gondii and Hepatitis B
virus, increases as the blood Cd level increases from 13.4 µg/L in tertile 1 to 30.5 µg/L in tertile 3 [6].
Similar relationship has also been reported between blood Pb levels and these chronic infections in the
NHANES data-based study. We were unable to identify any immunologic function in association with
Cd exposure in our study. The Cd burden was the lowest with little variation among all participants in
our study. The Cd exposure was not high enough to exert any impact.

Lead is a toxic heavy metal that attracts great attention in its relations with neurological damage
and hematological impact [17–20]. Individuals with elevated occupational exposure to Pb are at
increased risk of hemolytic anemia. Kuo et al. found that the blood monocyte count was reduced in
battery workers comparing to school teachers [21]. The blood Pb burden was much greater in battery
workers than in teachers. The Pb exposure may also have a role in the risk of autoimmune diseases [22].
In contrast, our Spearman’s correlation analysis shows that the monocyte count increased as Pb burden
increased. However, this relationship seems unconvincing as the mean monocyte was lower for those
with medium lead exposure levels. The Pb burden in our study participants is lower than that in
battery workers. It is not clear whether lower Pb burden stimulates the production of monocytes.
Monocytes are a type of white blood cell produced by the bone marrow serving immune functions as
phagocytosis, antigen presentation, and cytokine production. In our study, monocyte counts were not
associated with the hair As levels. It is likely that the As burden is not large enough to affect.

Chronic exposure to arsenic in drinking water is a devastating problem for millions of people
in Bangladesh. The plasma As levels in school children are positively associated with total IgG and
IgE, but not IgA [23]. These relationships are more evident for boys than for girls, particularly for
underweight children. In an earlier study also in Bangladesh, Islam et al. found increased serum total
IgG, IgE and IgA levels in adults with skin lesion in arsenic endemic rural villages [24]. Arsenicosis
patients with respiratory complications have elevated IgE levels as well. An India study found
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significantly decreased monocyte counts in arsenic-exposed individuals with severe dermatological
manifestations [25]. Higher As exposure increases the risk of infection and inflammation, leading
to more serious disorders [26]. A peripheral arterial disease known as Blackfoot disease endemic in
southwestern Taiwan has been associated with chronic poisoning and results from the consumption of
arsenic-rich underground water over long periods. Patients may suffer from complications of lower
basal microcirculatory perfusion [27,28]. Severe cases may suffer from ulceration and gangrene, or
surgical amputation for the lower extremities. These arsenicosis patients are at increased risk of not
only cancers but also cardiovascular disorders [29–33]. Findings in the present study suggested that
serum concentration of IgA, IgE and IgG were lower for the industrial male workers with higher
hair As concentrations. Arsenic can also act as a stimulator of the immune system. This negative
relationship was not significant for IgA in the Spearman correlation analysis.

Large numbers of people have been found to be exposed to low levels of heavy metals. Results
from epidemiologic studies evaluating the relationships between the risk of immune dysfunction
and these elements are conflicting [34–38]. Studies could be limited to cross-sectional designs with
study population of low exposure levels. Findings in this study are also limited by the cross-sectional
design with low burden of As, Cd and Pb, although the contents in the hair represent the historical
exposure in recent months from not only the industry but also diet and drink. Further data analysis
showed a strong correlation between As levels in air samples at work and in hair samples (correlation
coefficient = 0.467, p < 0.001) (data not shown). Our findings in relations with immunologic indicators
are not consistent with previous studies. Previous studies included individuals with high exposure
or with apparent health disorders. Our study population may benefit with healthy worker effects
with low burden of As, Cd and Pb. Studies with different population groups are needed to confirm
our findings.

5. Conclusions

This study used hair samples to measure the historical exposure to trace elements of industrial
employees. However, we were unable to evaluate the impact of Cd because of low levels. As levels in
hair were negatively associated with IgG and with IgE. However, whether As levels in hair represent
a stronger relation with immunologic function than Cd and PB remains unclear. In the quest to evaluate
the impact of As, Cd and Pb of low human burden, we need data with a larger range of concentrations
from a much larger survey.
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