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Abstract

Academic chemical laboratories (ACL) are considered public places the
employees come in contact with a variety of pollutants. The aim of the current study
was to detect heavy metals levels in the indoor air of ACL in two universities in
Baghdad city and assess their levels in the academic employees’ scalp hair as
biomarkers. Air samples inside ACL were collected to detect Fe, Cd, Zn, Pb and Cu.
Scalp hair samples were collected from 40 adult chemical laboratory employees
aged 30-60 years, who worked 5 days/week for 6 hours a day. Personal information
relating to employees such as age, duration of exposure, smoking habit and sex, was
collected as a questionnaire. The results of this study concluded that academic
laboratory employees were exposed to high levels of heavy metals which was
proven through the use of scalp hair; old ages, prolonged working periods, smoking
habit have significant effects in increasing the levels of heavy metals in scalp hair,
while the employees’ gender variation did not have a significant effect.

Keywords: Airborne heavy metals, Scalp hair, Academic laboratory, Indoor air
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1. Introduction

Academic chemical laboratories (ACL) are considered as occupational environments
where students and employees such as teachers, chemists, specialists and technicians conduct
their practical experiments, scientific research and experimental teaching. They are
continuously exposed to different types of toxicants and pollutants [1].Chemical laboratories
are microenvironments where a wide variety of contaminants may be identified because of the
large spectrum and number of chemicals available. These chemicals increase due to the
source strength which depends on type and the number of chemical experiments achieved
and the number of persons employed in the laboratory. These chemicals may pollute
laboratory’s indoor air and cause the potential acute, chronic, toxically and cancer threats to
health of the staff [2].People spending about 80% -90% of their lives living indoors (houses,
offices, labs, libraries and other) where the indoor air has direct effects on their health.
Consequently, the WHO considers that the poor indoor air quality in workplace represents a
hazard to general health for example nervous system disorders, skin lesions, vascular damage,
immune system dysfunction and even cancer [3]. Most of these places have been shown to be
hazardous for study and research. In several academic labs, the use of small amounts of
chemicals may cause health issues for employees [4]. Three major routes exist for exposure
to chemical substances, i.e., inhalation, dermal and ingestion routes, dose of absorbed
chemical substances through inhalation and skin absorption can estimate the magnitude of
chemical exposure. Chemical absorption exposures to the skin or eyes are caused not only by
close contact with solvents, but also by ambient gas, vapors or particulate matter (PM) with
heavy metals [5].

The possible sources of heavy metals with PM in the laboratories that determine their
concentrations are combustion sources such as Bunsen burners used, produced powders in the
experiments and chipped pieces from walls, as well as other construction materials that are
generally the main source that are found in the outdoor air. Ventilation plays a major role as it
may act as a highway for their transport from outdoors to indoors. Additionally, occupant
behavior in the laboratories can cause suspension of the settled particles affecting indoor air
PM concentrations considerably, along with type of cleaning and its frequency, similar to
reports from other indoor microenvironments [6].

Many researchers proposed that human hair should be used to monitor heavy metals. It is
regarded, according to the environmental protection agency (EPA), as one of the most
significant biomarkers due to its fat content compared to other tissues [7]. Heavy metals in
human hair are an important indicator for evaluating human exposure to metal residues in the
indoor air [8] [9]. Rashed and Hossam mentioned in their study that during the growth process
hair absorbs heavy metals as metabolic and end products in its composition [10]. The long-
term human exposure is beneficial in hair tests to detect changes in hair composition over
time. It would also include relevant insights on health and medical matters [11]. It is an
excellent source of information and provides strong markers of past metabolism and
environmental susceptibility [12] and can be collected without harming the donor and retained
for longer periods than other materials. Hair heavy metal concentrations will thus represent
the average level of the human body which indicates if the population is exposed to heavy
metals [10].
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The aim of the current study was to detect the levels of some heavy metals in the ACL
ambient air and assess toxic elements in employees scalp hair. Qualitative variables affecting
mineral levels, such as gender, smoking habits, age, and exposure duration to determine the
level of health risk in the workplace were also investigated.

2. Materials and Method
2.1 Ethical Statement

The Ethics Committee of the University of Baghdad/ College of Science approved this
work (Ref.: CSEC/0421/0030. Date: April 14, 2021).

2.2 Study Sites:

This study was conducted in 4 academic laboratories including two chemistry (Labl,
Lab2) and two biochemistry (Lab3, Lab4), in the Chemistry Department of College of
Science, Baghdad and Al-Nahrain universities in the south of Baghdad city. The dimensions
of all laboratories (Labl, Lab2, Lab3, and Lab4) were approximately equal and they occupied
a size of about 75 m3 with medium ventilation. The control site was an empty classroom
within the College of Science that had almost the same dimensions as the laboratories with
moderate ventilation.

2.3 Air Samples Inside Laboratories
To quantify the heavy metals in air dust, the low volume sampler (Sniffer air vacuum
sampler of US origin) and specific cellulose filters (pore sizel.2um) were used. Air samples
were obtained from all laboratories (Labl, Lab2, Lab3, Lab4 and control site). Prior to
sampling, cellulose filters were dried in an oven for 45 minutes at 70°Cto eliminate water
content. The samples were also weighed with a precise scale to record the initial weight and
were then kept in a sealed container in preparation for use in the sample locations. In the
sampling locations, the filter was placed in the sampler equipment (Sniffer) which was placed
on a table inside the chemical lab and elevated 1 m above the floor level as suggested by [13].
Each site received five (5) samples as well as control site and every sample lasted for 1 hour.
During sampling, the volume of air was measured at the start and end of the sampling period
(V1 and V2 respectively), and the latter quantities were used to determine the total volume of
air at time (Vt) (Equation 1). The exposed filter was maintained in a sealed container and
weighed in the laboratory after sampling was completed. This weight served as the final
weight.
VT =V2- VI (m3/min)*t...........ocoevininnnnn (1)

The temperature (°C) and relative humidity (RH) were evaluated during the sampling
period in all experimental and control sites by using Temtop LKC-1000S+ Air Quality
Detector/IAQ monitor.

2.3 Heavy Metals Measurement
The digestion of air filter sample and atomic absorption spectrometry (AAS) examination
were the two procedures applied in the determination of heavy metals in dust [14].

2.3.1 Air Sample Filters Digestion

In order to change the sample solid state into a liquid condition that can be detected by an
atomic absorption spectrometer, the digestion procedure entails dissolving filter solid samples
with acids. This process stood for the following [14]:
1. The sample of an air filter was divided into small pieces and placed in a Teflon beaker.
2. The shared sample was mixed with 5 ml of (HNO3) acid.
3. The samples were dried using a heater and were then allowed to cool.
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4. Three ml of HCIO4 acid was added to the cooled sample before reheating.

5. The sample was then taken of the heat before being dried and then allowed to cool.

6. Each sample had 2ml of hydrofluoric acid (HF) added to it before being covered and left to
allow the solution to clear for 24 hours.

7. A volumetric flask of 50 ml size was used to filter each sample.

8. De-ionized water to a volume of 50 ml was added to each sample volume (Vi). Prepared
samples for atomic absorption spectrometry analysis were kept in plastic containers.

Under the same conditions as the samples during analysis, the blank solution represented the
digestive acids at a specific concentration. Nitric acid, perchloric acid and hydrofluoric acid
were utilized to break down the samples.

2.3.2 AAS (Atomic Absorption Spectrometry) Analysis
The amounts of the heavy metals in the sample solution were detected using AAS.
The heavy metal concentrations calculations were done by applying the following equation
[14]
Metal Conc. (ug/m3)=C *Vi/VT .................. (2).
Where: C is the metal concentration in the sample (ppm).
Vi: The volume of sample (ml).
VT: The total volume of air drawn with time (m3).

2.4 Personal Information Collection:

Details related to the employees of the chemical laboratory such as age, sex, smoking habit
and working time (duration of exposure) in chemical laboratories were gathered as a
questionnaire before collecting the hair sample. A total of 40 adult chemical laboratory
employees (20 men and 20 women), aged 30-60 years, were chosen to collect hair samples.
Staff known as chemical laboratory employees were classified as chemists and biochemists.
They worked for 5 days/week for at least 6 hours a day. The control group represented 20 hair
samples collected from men and housewives who spent most of the time at home [15].

2.5 Hair Samples Collection:

The sampling of hair was done only with hair that not had been bleached, colored or had
any chemical therapies. Before analysis, each individual hair sample was cut (only the first 1-
2 inch close to the scalp) by using steel scissors. The collection of approximately 250 mg of
hair from the neck nape was used. For each person, hair sample was placed into separate
plastic envelope indicating the 1D number of the participant. Every top was closely stitched in
a plastic envelope which was then attached to a survey [16].

2.5.1 Hair Samples Washing:

After cutting, each sample was rinsed with distilled and deionized water [17]. To eliminate
exogenous pollutants the hair samples were individually washed by using acetone, and then
with water and again with acetone [18]. After the washing process was over, hair samples
were cut into small pieces andthen cleaned and placed in plastic bags at room temperature.
The samples were dried in an oven at 58-75°C [19].

2.5.2 Samples Digestion and Analysis Method:

Approximately 250 mg of each sample in locked teflon containers was digested in the
microwave system by means of acids (2 ml of nitric acid HNO3 and 1 ml of 30% of H202).
Before the vial release, Teflon vessels were placed in the freezer for 3/4h. The solvent had
been purified and the contents were then transferred quantitatively into a 50 mL volumetric
flasks until they were loaded to marks. These ready solutions were used for the metal
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determination [20][21]. Using the AAS (NOVAA-400) model, the control and test samples
were examined to detect elements such as Cu, Zn, Cd, Pb and Fe.

Statistical Analysis

Data were presented as mean + standard deviation. -test and the statistical significance set
at P<0.05 and P<0.01 were performed using the Statistical Package for the Social Sciences
(SPSS), version 17.0 to compare metal concentrations between the examined study sites, as
well as the various employee groups [22].

3. Results and Discussion

Table 1 demonstrates the mean concentrations of Pb, Zn, Cd, Cu, Fe, temperature ("C) and
relative humidity percentage in the indoor air for both chemistry and biochemistry labs. The
results referred that most of examined heavy metals in chemistry labs were higher than those
in biochemistry levels. Statistical analysis referred that the differences were considered to be
extremely significant when p<0.01.There was a 95% confidence interval when these levels
were compared with the control site. It was anticipated that both laboratories' interior dust air
would have higher metal concentrations than the control site.

For temperature, the highest mean value 36 +0.61 °C was recorded in biochemistry
laboratories, and the variations that were determined to be significant at p< 0.05 in
comparison to the control site (34+1.73 °C).While that for chemistry laboratories, the
differences were not significant (p>0.05). Regarding RH% mean value, both chemistry and
biochemistry sites were considered not to be significant (p>0.05) as compared with the
control site. The moderate ventilation in both chemistry and biochemistry laboratories may
have influenced temperature and relative humidity which made these variables to be not
statistically significant as compared with control site.

Table 1: mean + SD of heavy metals (ug/m3), temperature ("C) and relative humidity (%)
collected from indoor air of academic chemical laboratories and control site.

Heavy Metals Concentrations pg/m3
Sites i/ ke Temp RH. %
Pb Zn cd Cu Fe c

Chemistry  9.21+1.13* 200.79+0.70* 0.07+0.00* 12.37+0.69* 103.25+4.36* 20+1.1

Labs. * * * * * 35+1.30 0
Biochemistr  7.40+0.68* 161.60+7.00* 0.04+0.01 9.08+0.65%* 86.15+4.13%* 36+£0.61 19+2.0

y Labs. * * * * 3
Control 1.04+0.31 0.4+0.05 0.0+ 0.00 0.11+0.01 23.67+2.62 34+1.73 2131'2

*Significant at p<0.05  **Highly significant at p<0.01

Ugranli et al. mentioned that the location of the building and the activities around had an
impact on the metal concentrations in indoor dust [2]. Chemistry labs use a greater variety of
chemicals than other types of laboratories. Ambient air PM-bound trace elements can be
carried into the laboratories from outdoors by ventilation and infiltrations. In addition, it can
also be transported via shoes and clothing of individuals. However, the main trace element
source may have been some specific operations and procedures that were being carried out in
the laboratories involving chemical materials, samples, etc., that could be rich in trace element
content. Long-term inhalation exposure to some trace elements may also have a variety of
negative health impacts on people, ranging from cardiovascular disease and cancer to tracheal
mucosal irritation and coughing [2].

The effects of employees’ age categories in mean values of heavy metals in hair samples
have been demonstrated in Table 2. In both chemistry and biochemistry labs, the average
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levels of Pb were found to be 5.6+3.4ug/g in the hair of employees between the ages of 51
and 60.This value exceeded the normal value in hair <1.0pg/g and was the highest among the
other groups. While the lowest mean was 3.5+0.8 in 30-40 years old group. Also the mean
concentration of Zn, Cd, Fe recorded high values (352+208.1, 0.04+0.03, 95.6+23.1,
95.6+£23.1 ng/g repectively in 51-60years age category, except Cu which recorded high value
in 41-50 years age category.

Table 2: mean = SD of heavy metal concentrations in hair samples of different age categories
in chemical lab employee

Age Categories/Year

Heavy Metal Exposed Control
Concentrations
ne/e 30-40 41-50 51-60 30-40 41-50 51-60
Pb 3.5+0.8* 4+1.5* 5.6+3.4* 0.48+0.23 0.8+£0.25 0.74+0.11
Zn 211.5472.2  224.6+£38.8*  352+208.1* 30+7.21 26.8+5.40 29.8+7.22
Cd 0.02+0.01* 0.03+0.01* 0.04+0.03* 0.008+0.01 0.006x0.00 0+0
Cu 10.5+1.3 10.6+2.9* 9.6+2.7* 2.00£0.70 3+£1.00 3.8£1.64
Fe 83.7£30.1* 90.6+£20.6* 95.6+£23.1* 2512.549 34.8+4.81 36.2+4.26
*Significant at p<0.05

T-test results between all age groups and control groups revealed significant differences at p<
0.05. According to the findings of the study, heavy metal concentrations gave higher readings
as the ages increased. Heavy metal bioaccumulation may be impaired by age and sex in
human bodies [23]. Life does not alter and is not constantly intaking and excreting kinetics of
heavy metals through human development. Previous research found a favourable association
between Pb in hair and age. It is absorbed very fast into the bloodstream and the toxicity of
inhaling lead for long time may cause blood pressure, psychiatric illnesses such as nausea,
dizziness, impairment of concentration, irritability, restlessness, confusion and discouraged
memory, body discomfort, pre-menstrual syndrome, reduced immunity [24].A previous study
has linked the fluctuation of heavy metal levels between age groups to metal accumulation,
lifestyle and dietary choices [7]. .

The current study revealed the effects of duration of exposure in heavy metals levels in
employees and the control group (Table 3).

Table 3: mean +SD of heavy metal contents in hair samples of chemical laboratory
employees grouped according to exposure length.

Duration of Heavy Metal Average Concentrations pg/g
Exposure/Year Fe Cu Cd Zn Pb
Control 32.046.3 2.9+1.3 0.0£0.0 28.8+6.3 0.6+0.2
5-10 90.3+25.0* 10.6+2.0* 0.03+0.02* 232.0+103.4* 4.0+1.6*
11-20 90.4+27.3* 10.2+2.5* 0.03+0.02* 279.8+169.7* 4.6+2.8*
21-30 94+24 5 10+2.8* 0.04+0.03* 321.7+175.4* 4.8+3.1*

*Significant at p<0.05

The employees who spent long period (21-30 years) of work in laboratory recorded high
concentrations (94, 0.03, 321.7and 4.8 ug/g) for different heavy metals (Fe, Cd, Zn and Pb
respectively), as well as for both 5-10 and11-20 years of exposure as compared with the
control group. Copper (Cu) concentrations recorded approximately equal levels at all
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durations of exposure. P-value and statistical analysis is considered to be extremely
statistically significant at p<0.05. In a research carried out by Husin et al., they found that the
duration rate (DR) was used in chemical laboratories to assess normal or chronic exposure to
heavy metals. Most workers who spent 4-7 hours on job, the percentage corresponded to a
high value of 50-87.5% work time in the normal working hours (8 hours/day) (DR).They also
found that cadmium and lead recorded high levels in the indoor air that contained dust. These
heavy metals were added to chemists’ hair due to polluted interior environment [25]. Human
hair can absorb heavy metals as an excretory system and as metabolic products. It can
incorporate metals into its structure throughout the growth phase. As a result, heavy metal
concentrations in hair can represent the average level in the human body, reflecting the
population’s duration of exposure to heavy metals [7]. Long-term body retention of heavy
metals can slow down the development of the degenerative physical, muscle and neurological
processes that mimic diseases like Parkinson's and Alzheimer's [26]. In addition, it could also
destroy nucleic acids, induce mutation, reproduction of the hormone, and possibly increase
the risk of cancer [27]. Long-term exposure to cadmium contributes to bone Atherosclerosis
and pulmonary deposition, and can even cause damage of these tissues, hypertension, and
decreased immunity [28]. Cadmium build-up will replace zinc in the arteries, thereby leading
to fragility and rigidity of the arteries resulting in high blood pressure [29]. Due to the
chemical similarities between calcium and lead, lead builds up in a person's bones, nails and
hair after prolonged exposure. Significant amount of lead in the body is regarded as poisonous
[30]. Long term exposure to iron shows Hemochromatosis headache, shortness of breath,
increased degeneration of liver, pancreas, heart and diabetes [31]. Although metals such as
copper Cu, iron Fe and Zn are required for living organisms in small amounts, chronic and
prolonged exposure causes adverse effects to tissues and organs, eventually leading to
carcinogenesis [28].

Table 4 illustrates the examined heavy metals values in hair samples of smoker and non-
smoker employees. The statistical analysis in Table 4 shows that the difference was
considerably significant at p<0.05 between smoker and non-smokers for lab. employees as
compared with the control group.

Table 4: mean £SD of heavy metal concentrations (ug/g) in hair samples of employee
grouped according to smoking habits.

Age Smoking Habit Heavy Metal Concentrations pg/g
Categories Fe Cu Cd Zn Pb
Non-smoking 79.0+£33* 10.3+1.4* 0.02+0.01* 199.2+80.7* 3.4+0.8*
Smoking 96.6+17.1* 10.8+1.4* 0.03+0.1* 245.1+24.1% 3.7+0.8*
40-30
25+2.54 2+ 0.70 0.08+0.01 30+ 7.21 0.48+0.2
Control
Non-smoking 10.0+2.*8 0.03+0.01*
: 88.0421.1* ° ! 217436.9% .
50-41 Smoking 101349 2% 13.0+1.7 0.04+0.0 955 3425 4* 4114*
4+1.8
Control 34.8+4.81 3t1 0.06+ 0.0 26.8+5.40 0.8+ 0.25
*
Non-smoking  87.8425%  8.7+2.8* %00‘;%003* 3036:205.8% oo
60-51 Smoking  111.4+05%*  11.6+0.5* 05£0. 268.84208.1%% 231"
5.4+2.8
Control 36.2+ 4.26 3.8+1.64 0+0 29.8+7.22 0.74+0.11

*Significant at p<0.05 **Highly Significant at p<0.01
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High levels of metals (Fe, Cu, Cd andPb) were detected in smokers as compared with non-
smokers, especially in 51-60 years age category which appeared to be highly significant at
p<0.01 for Zn (268.8+208.1 pg/g)for smoker employees.

Tobacco leaves are generally used in smoking products [32]. Tobacco plants usually absorb
from the soil, fertilizers, pesticide treatments, handling, and refining, packaging and other
processes a lot of necessary, non-essential and toxic elements. Cu sources in smokers can be
caused by soil-producing tobacco insecticide sprayed as well as Cd [32]. Smoking was found
to contribute to increased bioaccumulation of Cd in scalp hair of smokers [33] . Sukumar and
Subramanian found that Pb concentration was high in scalp hair tests for staff who suffered
from chronic headache and dizziness. There were also different levels of concentration
associated with Pb in the hair. For adults, Pb in hair and smoking were found to be in a good
relationship [34].

The results in Table 5 show the effects of laboratory employees’ genders on the heavy
metals levels in scalp hair samples.

Table 5: mean £SD of heavy metal concentrations in hair samples of chemical lab employee
classified according to sex.

Age _ Experimental Heavy Metal Concentrations jg/g
Categorie Sex
S Groups Fe Cu Cd Zn Pb
83.75+30.6
Females * 10.3+1.4* 0.0240.01* 209.5+80.7* 3.4+0.7*
Exposed Males 83.75£32.5 11.7+2.8* 0.02+0.01* 211.5+78.0* 3.5+0.9*
30-40 *
Control Females 23.3£1.50 2.0£1.0 0.01£0.0 30.1+2.0 0.4£0.2
Males 27.5+0.70 2.0£0.0 0.0£0.0 30.0t£14.1 0.55+0.3
10.7%2.
41-50 . g* . .
Exposed Females  92.8+21.0 10.643.5 0.03+0.01 220+40.3 4.05+1.
Males 86.4+21.2* e 0.03£0.01* 234.3+38.2* 4*
3.9+1.7*
Control - Fomales  36.04.0 3+1 0.0£0.0 282420  0.820.2
Males 33+7.0 3t14 0.0+0.0 25.£9.8 0.8+0.4
. 393.6+205.
Females  87.8425*  8.7+2.8" 8'8‘;8'8;* 8* 513 7e
Exposed Males 111.4£0.5*  11.6+0.5* R 268.8+£208.1 i n o
" 5.4+2.8
51-60
Control Females 36.0+4.0 3.0+1.0 0.0+0.0 31.6+3.2 0.7+0.1
Males 38.0£0.0 45+2.1 0.0£0.0 27.0+12.7 0.8+0.1

*Significant at p<0.05

Generally, the statistical analysis revealed that the differences between exposed male and
female groups were considered to be not significant (p>0.05) for all examined heavy metals
(Fe, Cu, Cd, Zn and Pb) in 30-40 and 41-50 years age categories. Whereas difference was
significant at p<0.05 in 51-60 years age category. A comparison was made between exposed
and the control group for females and males in each 30-40, 41-50 and 51-60 years age
categories and the statistical analysis referred to be significant at p<0.05. These results agree
with a previous study which referred that there were no major differences in the contents of
trace elements for male and female hair. Also women's hair contained less iron and more zinc
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than men's hair. For both sexes the mean amount of copper was identical [35]. Buctaw et al.
mentioned that sex was the major variable in hair quality that influences Cd, Zn and Pb. Some
researchers, however, found no important gender differences [36]. Due to monthly bleeding in
women, the average Fe values were found to be lower than in men [37].

For both males and females in the same age group, no distinct associations for metal
concentrations distribution were found. Hence, the gender of an individual has no effect on
the accumulation of heavy metals in the scalp hair samples, and this was observed through the
differences in values of heavy metals. For instance, the average levels of Pb for males in hair
samples were lower than those for females. While Cd was comparable for women as well as
Cu especially in 30-40 and 41-50-years age categories. Fe, on the other hand, was higher in
males than in the females. For Zn the results showed higher levels in males than in females in
30-40 and 41-50-years age categories. Zn recorded low values in males as compared with
females in 51-60-years age category. The key reasons for these variations in heavy metals
distribution in ages are metabolism, occupational toxicity and gender’s physiological factors
[38]. Also, the gender was not a crucial factor for assessing metal concentrations in human
hair [39].

Conclusion: This study concluded that the indoor air of academic (chemistry and
biochemistry) laboratories were polluted with different levels of heavy metals (Pb, Cd, Cu,
Zn, Fe) which was proved through the use of employees scalp hair as a biomarker to estimate
their concentrations. Hair, unlike the other body compartments, is hypothesized to integrate
trace elements into its structure during the growth process. Hence, old employees with long
working periods and smoking habit were found to have a significant effect in increased heavy
metals levels in scalp hair. The genders of the employees did not have a significant effect on
the concentrations of heavy metals.
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