[ Downloaded from jhsw.tums.ac.ir on 2024-07-02 ]

JHSW

OPEN ACCESS

Journal of Health and Safety at Work 2024; 13(4): 838-855
TUMS

ORIGINAL RESEARCH PAPER

Assessment and Validation of Domestically Made Activated Carbon
Sorbent Tubes for Sampling air Pollutants

Mahdi Alinia Ahandani’, Saba Kalantary', Monireh Khadem?, Fatemeh Jafari*,
Kamal Azam?, Farideh Golbabaei**

Department of Occupational Health Engineering, School of health, Tehran University of Medical Sciences,
Tehran, Iran

2Department of Epidemiology and Biostatistics, School of Public Health, Tehran University of Medical
Sciences,Tehran, Iran

Received: 01-08-2023 Accepted: 07-12-2023

ABSTRACT

Introduction: VOCs are harmful air pollutants that must be detected, monitored and eliminated. Adsorber
tubes are standard tools for this task, specifically activated carbon tubes with high adsorption and
selectivity. This research aims to compare the structural and functional characteristics of domestically
produced activated carbon tubes with the conventional commercial ones for sampling toluene, a volatile
organic compound.

Material and Methods: The characteristics of each adsorbent, such as structure, morphology, porosity,
and element composition, were examined by SEM photography, BET testing, and EDAX analysis.
The central composite design (CCD) method was employed to investigate the adsorption properties
of the adsorbents. The input concentration and readsorption time of the samples were the variables
considered in this study. Additionally, a field phase of personal air sampling was performed to evaluate
the effectiveness of adsorbent tubes.

Results: SEM and BET analyses indicated that the porous structure of domestic activated carbon was
comparable to the model produced by SKC. EDAX analysis detected a minor impurity (1%) in the domestic
activated carbon adsorbent. The adsorption performance was significantly influenced by the variations in
readsorption time and pollutant input concentration. The accuracy and precision of the performance of
the domestic adsorbent tube were obtained as 90.77% and 91.76%. The field phase results demonstrated
that the amount of pollutant adsorbed in the SKC-activated charcoal adsorber did not differ significantly
during 0 to 30 days. However, the domestic adsorber showed a significant difference in the same period.
The overall performance of the two adsorbers did not exhibit a significant difference between 0 and 30
days.

Conclusion: Despite minor structural differences, the adsorption efficiency of toluene by domestic
adsorbent tubes in sampling high concentrations is very similar to its commercial type. However, it is not
recommended for use in low-concentration environments (10 ppm and less).
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1. INTRODUCTION

The occupational exposure of workers to toxic
compoundsin workplace air poses significant health
risks. Therefore, it is crucial to employ suitable
methods for sampling, monitoring, and eliminating
such pollutants. The surface adsorption method is
a common approach to monitor airborne chemical
compounds, relying on the properties of both the
adsorbate and the adsorbent materials. Identifying
an adsorber that aligns with the requirements is a
critical step in the research process.

However, commercial air sampler adsorber
tubes, like the SKC type, are mainly imported
and have limited availability. Thus, exploring the
domestic synthesis of these tubes presents a viable
alternative.

This study evaluates and compares the structure
and performance of two domestically synthesized
activated carbon adsorbent tubes with the standard
commercial counterpart, using toluene as the
indicative chemical compound for sampling and
comparison. The pursuit of domestic alternatives
aims to address practical constraints, ensuring a
sustainable and accessible solution for workplace air
quality monitoring. The findings hold the potential
to advance this field and contribute to sustainable
industrial practices and policies concerning air
pollution control.

2. MATERIAL AND METHODS

The current study employed a domestically
manufactured activated carbon adsorber tube,
alongside a commercial counterpart, serving as
a reference sample for comparative analysis. The
specifications of these tubes are provided in Table
1.

In this study, a range of analytical techniques
were employed to conduct a thorough examination
of the morphological characteristics and adsorption
properties of the adsorbents. Scanning Electron
Microscopy (SEM) was specifically utilized to
enable a detailed comparative analysis of the
morphological attributes of the adsorbents. The
Brunauer-Emmett-Teller (BET) test was utilized to
ascertain the average pore diameter, specific surface

area, and pore size distribution. Concurrently, the
Energy-Dispersive X-ray Spectroscopy (EDAX)
test was implemented to identify the constituent
elements and compute their respective weight
percentages.

The investigation of the adsorption properties
was carried out using the Central Composite
Design (CCD) method, which allowed for the
examination of various factors, such as initial
concentration in the range of half to twice the
threshold limit (Toluene threshold limit value
= 20 ppm) and readsorption time (0 to 30 days),
on the efficiency of the adsorbents. Consequently,
employing this prescribed methodology, a total
of 13 simultaneous samplings were conducted for
each type of activated carbon adsorbent. Standard
concentrations were prepared in the Tedlar bag
using a static method, and these were subsequently
passed through domestic and commercial sampler
adsorber tubes. The flow rate, sampling volume,
and other pertinent requirements for toluene
sampling were adhered to in accordance with
the established standard method of aromatic
hydrocarbon sampling, specifically as outlined in
the NIOSH (National Institute for Occupational
Safety and Health) 1501 method.

After the sampling procedure, the NIOSH 1501
method was utilized to conduct the analysis of
the collected samples. The protocol involved the
careful extraction of the activated carbon from
both the front and rear segments of the sampling
tubes, and these samples were then individually
placed into separate vials. Subsequently, a precise
volume of 1 milliliter of CS2 (carbon disulfide)
was meticulously injected into each vial. The vials
containing the activated carbon samples were
then subjected to a controlled agitation process
within a shaker set at 200 RPM for a duration of
30 minutes. Following the agitation, the contents of
each vial were meticulously transferred to new vials
using disposable pipettes, and appropriate coding
was applied to the new vials to ensure proper
identification during the subsequent analysis.
The analysis of aromatic hydrocarbons was
performed on a GC-MS (Gas Chromatography-

Table 1: Specifications of domestic and commercial type adsorbent tubes

Middle foam separator End foam separator
front layer (mg) Backup layer (mg)
b g Ay g (mm) (mm)
Domestically made adsorber 100 50 2 3
SKC adsorber 100 50 2 3
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Table 2: BET test results of domestically produced activated carbon and commercial model

Domestic AC adsorber tube = Commercial (SKC) AC adsorber tube ‘

specific surface area (m?g™”) 1071.3
Total pore volume (cm?®g?) 246.15
Average pore diameter (nm) 1.85

1078.8
247.87
1.7532

Table 3: Percentage composition of constituent elements in domestic and commercial activated carbon tubes obtained
through Energy Dispersive X-ray Analysis (EDAX)

C(W%) O(W%) Si(W%) S(W% ClL(W%) K(W%) |

Domestic AC adsorber tube 89.15
Commercial (SKC) AC adsorber tube 90.21

Mass Spectrometry) machine, with a temperature
program specifically designed for this purpose.
Upon completion of the temperature program,
the prepared vials were placed in an auto-sampler,
enabling the systematic and sequential analysis of
the samples in adherence to the predetermined
order.

Furthermore, to evaluate the performance of
the adsorbent tubes under real-world conditions, a
field phase of personal air sampling was conducted.
This step provided valuable insights into the
practical applicability and effectiveness of the
adsorbents in real-life scenarios.

3. RESULTS AND DISCUSSION

The findings from the rigorous application
of Structural Equation Modeling (SEM) and
Brunauer-Emmett-Teller (BET) analyses have
indicated a striking similarity in the porous
structures of domestic activated carbon adsorber
tubes and the SKC models which is shown in
Table 2. Furthermore, the Energy-Dispersive
X-ray Spectroscopy (EDAX) analysis has
revealed a marginal impurity content (1%) in the
domestic activated carbon adsorbent relative to
its commercial counterpart. Both the commercial
and domestic adsorbents, along with the activated
carbon adsorber, were found to be primarily
composed of carbon and oxygen. (Table 3).

Moreover, the adsorption performance of each
domestic and SKC activated carbon adsorbent
demonstrated a significant dependence on both
the readsorption time and the pollutant input
concentration (p-value < 0.05). Subsequent to the
field phase assessment, it was observed that the
discrepancy in the amount of pollutant adsorbed
by the SKC activated charcoal adsorber did not

840

8.89 0.94 0.33 0.46 0.31
8.42 1.37 0 0 0

attain statistical significance (p-value > 0.05) over
the 0 to 30-day period. Conversely, for the domestic
adsorber, a noteworthy correlation (p-value < 0.05)
between the adsorption quantity and time was
discerned. Nevertheless, the overall performance of
the two SKC and domestic adsorbers exhibited no
statistically significant difference between 0 and 30
days (p-value > 0.05). Figure 1 delineates the results
pertaining to the impact of the input pollutant
quantity and the influence of readsorption time
on the detected quantity of toluene adsorbed on
the surfaces of domestically manufactured and
commercial activated carbon absorbents.

4. CONCLUSIONS

The present study has shed light on the
structural characteristics of domestically produced
activated carbon, revealing slight differences, yet
conspicuous similarities when compared to the
corresponding models manufactured by SKC. The
adsorption efficiency of domestically manufactured
activated carbon adsorber tubes, evaluated at
three distinct pollutant levels, yielded results akin
to those obtained with the activated charcoal
adsorber produced by SKC company. Although
the average pollutant concentration adsorbed and
extracted from the activated carbon adsorber tubes
manufactured by SKC (79.02 mg/m3) exhibited
a marginally higher value than the domestically
manufactured activated carbon adsorber (75.05
mg/m3), this difference did not reach statistical
significance. These observations were consistently
replicated during field assessments for both
adsorbers.

Nevertheless, it is crucial to note that abrupt
varjations in the results were observed at low
pollutant concentrations for both domestic and
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Fig. 1: Three-dimensional response surface curve illustrating the adsorption of toluene in relation to sample
readsorption time and pollutant input amount for two activated carbon adsorber types: A - domestically
manufactured, and B - commercial (SKC) activated

commercial activated carbon adsorbents. This
necessitates further investigations that encompass a
variety of environmental conditions and a broader
concentration range, in order to gain a more
comprehensive understanding of the adsorption
behavior under different scenarios. Such in-
depth studies will contribute to advancing our

Journal of Health and Safety at Work 2024; 13(4)

comprehension of these adsorption processes and
their implications in real-world applications.
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