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Fig. 1- Location of sampling stations
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ICP-MS
Table 1. Cont.Detection limits of metals identified by ICP-
MS analysis

Detection Limit in pug/1 Metal
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Table 1. Detection limits of metals identified by ICP-MS
analysis
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Detection Limit in ug/l Metal
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Table 2. Parameters required for calculating the amount of contaminant intake due to inhalation, ingestion and dermal

absorption
VLS5 obsoss axly bl oles
Adult Children Unit Parameter Symbol
20 10 m3/day u*m <’ IRinp,
Inhalation rate
100 200 mg/day oLy IRing
Ingestion rate
| Higt:
350 350 day/year el et EF
Exposure frequency
30 6 year zlye ol UM ED
Exposure duration
10950 2190 day Loy ol AT
Average time
70 15 kg o 039 BW
Body weight
10 10 kg/mg s eyl CF
Conversion factor
4350 1600 cm? (oo gl SA
Skin surface area
xSL> /M' O s
0.2 0.2 mg/cm? . s tad AF
Soil adherence factor
0.001 0.001 _ R AT e ABS

Dermal Absorption factor
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Table 3. RfD values (mg/kg /day) for the studied heavy

metals
=9 Odesls s 5
Dermal Ingestion Inhalation Metal
0.0009 0.005 - o
Silver
0.0003 0.0003 0.000301 f‘
Arsenic
0.00001 0.001 0.001 £ *”_15
Cadmium
11
15 15 - £ od
Chromium 111
0.012 0.04 0.0402 o
Copper
07 07 07 !
Iron
0.00525 0.0035 0.00352 -
Lead
. ] -
0.000008 0.0004 - oo !
Antimony
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Dermal Ingestion Inhalation Metal
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Table 3. Cont.RfD values (mg/kg /day) for the studied
heavy metals
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Dermal Ingestion Inhalation Metal
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Vanadium
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Zinc
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Table 5. Comparison of statistical results of the present study with other similar studies (total suspended particles)

MG NMSE FB

axlllas
Study

RZ

1.07 0.727 0.677

1.06 0.492 0.562

rol> ool
0.7463 Current study
January, 2021
rol> oyl
0.5758 Current study
May, 2021
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Table 5. Cont. Comparison of statistical results of the present study with other similar studies (total suspended particles)

MG NMSE FB R? aollls
Study
0.818 0.774 0.6996 Khazini et al., 2021
- 0.045 0.164 - Mohan et al., 2011
1.02 0.040 0.000 0.7340
0.06 14.150 -1.740 0.7340 Huertas et al., 2012
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Table 6. Concentrations of heavy metals in industrial areas and comparison with standard values ( pg/m®)

*lare glop o o ikl

O oS! ¥ ol ¥ ol Y oS! Vol ‘;)b)gd.f}eidlaj )ls
. . . - . National ambient Air s lina tim Metal
Station5  Station4 Station 3 Station 2 Station 1 Quality standards* ampling time eta
0.00451 0.00403 0.00109 0.01197 0.00456 January, 2021 0,8
000315 000339 000341 000518  0.00308 0.037 May, 2021 Silver
003255 00217 000109 004035  0.00217 January, 2021 S
001323 005611  0.02858 0.03102 0.01112 6 May, 2021 Arsenic
0.01472 0.01087 0.00535 0.02977 0.00438 o6 January, 2021 pgesls
0.03874  0.44488  0.02249 0.01724 0.03137 ' May, 2021 Cadmium
4.09070 4.60069 0.81380 4.95443 2.75608 "y January, 2021 p5S
8.68056  7.26997  18.91580  18.12066  23.23049 : May, 2021 Chromium
0.25391 0.15842 0.04712 1.16753 0.01951 January, 2021 ot
050672 036892  0.66189  0.64019  0.20616 087 May, 2021 Copper
37.21788  48.71962 11.82726 34.32075 31.90104 January, 2021 ey
5175781  45.68142 23328990 111.76220  141.05900 7o May, 2021 Iron
1.89887 0.71615 0.09766 1.21528 0.06510 January, 2021 e
017470 020182 006869  0.04108 001214 076 May, 2021 Lead
0.01971 0.01911 0.00225 0.03559 0.00679 January, 2021 Ogoni]
001168 001097 000498  0.00228  0.00149 055 May, 2021 Antimony
0.02170 0.02170 0.01085 0.02170 0.02170 January, 2021 @bl
001085 001085 045253 002170  0.03255 05 May, 2021 Vanadium
4.67665 2.32204 0.54253 7.03125 0.47743 January, 2021 &9
8.56120 5.34939 1.69271 4.91536 0.42318 5.0 May, 2021 Zinc
* (Geiger and Cooper, 2010)
(ng/m? ) o lasliwl jyolie b duylis 5 (il blie ;o (pufiw olls cdale Y Jooo
Table 7. Concentrations of heavy metals in rural areas and comparison with standard values ( pg/m*)
Vool el Ayl Vel Pl e el ol 5
Station 10  Station 9 Station 8 Station 7 Station 6 Nathnal ambient i'r Sampling time Metal
quality standards
0.00448 0.00109 0.00265 0.00438 0.00109 January, 2021 0y
0.0005 ‘
0.00263 0.00584 0.00294 0.00198 0.00424 May, 2021 Silver
0.01085 0.00109 0.01085 0.00109 0.00109 January, 2021 S|
0.002 B
0.01366 0.02898 0.02329 0.00726 0.04648 May, 2021 Arsenic
0.00575 0.00646 0.00432 0.00493 0.00454 January, 2021 Nis
0.001 F522°
0.02137 0.01574 0.01275 0.02100 0.02175 May, 2021 Cadmium
3.33116 1.59505 0.40148 6.22830 0.91149 January, 2021 S
0.002 F3r
28.32031 9.33160 41.66667 62.93403 1.08507 May, 2021 Chromium
0.06252 0.04134 0.03916 0.04485 0.03373 January, 2021 "
0.01
0.16276 0.06510 0.18446 0.30338 0.04340 May, 2021 Copper
30.16493 18.55469 35.26476 54.90541 11.71875 January, 2021 ool
0.3
180.12150 57.83420  266.92710  404.73090 5.20833 May, 2021 tron
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Table 7. Cont. Concentrations of heavy metals in rural areas and comparison with standard values ( pg/m®)

Vo o] Aol Aoyl Vell  Pelf) Skl 56
Station 10  Station9  Station 8 Station 7 Station 6 Nﬁ;ﬂ?iﬂ%i%? Sampling time Metal
0.18446 0.17361 0.21701 0.15191 0.02170 0.02 January, 2021 "
0.01287 0.00853 0.00582 0.00973 0.00743 May, 2021 Lead
0.00493 0.00218 0.00497 0.00810 0.00109 <0.001 January, 2021 Olgeu]
0.00115 0.00155 0.00109 0.00109 0.00149 May, 2021 Antimony
0.01085 0.02170 0.02170 0.02170 0.01085 0.0008 January, 2021 PURYHN
0.04340 0.01085 0.06510 0.09766 0.01085 May, 2021 Vanadium
1.22612 1.83377 0.90061 0.93316 0.7053 0.006 January, 2021 Sy
0.35807 0.33637 0.29297 0.50998 0.39063 May, 2021 Zinc

* (Geiger and Cooper, 2010)
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Introduction: Today, with the expansion of the activity of industrial units, the concentration of pollutants in
the air has increased and humans are exposed to them through inhalation, ingestion, and dermal absorption.
Among all pollutants, heavy metals have received a great deal of attention from environmentalists due to their
toxic nature. High concentrations of heavy metals in the environment can increase the risk of adverse effects
on human health. Activity of copper casting units and its alloys made Naji Industrial Town of Zanjan as a main
source of heavy metals in the atmosphere; therefore, evaluating the concentration and health effects of heavy
metals emitted from the town is of particular importance.

Material and methods: To evaluate the concentration and health effects of heavy metals emission from the
industrial units of Naji Industrial Town, sampling of total suspended particles in the town and its adjacent areas
(10 stations) was performed in January and May 2021. Inductively coupled plasma mass spectrometry (ICP-
MS) was used to identify heavy metals. The risk of cancer and non-cancerous diseases due to respiration,
ingestion and skin absorption of heavy metals in total suspended particles was also evaluated for both age
groups of children and adults.
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Results and discussion: In this analysis heavy metals e.g. silver, arsenic, cadmium, chromium, copper, iron,
lead, antimony, vanadium and zinc were identified. The concentrations of detected heavy metals were
compared with national ambient air quality standards. The concentration of chromium and iron in all stations
within Naji Industrial Town was higher than the standard level. Also, the concentrations of silver, cadmium,
chromium, copper, iron, antimony, vanadium, and zinc in all stations adjacent to the Industrial Town was
higher than the standard. The results of assessing the risk of non-cancerous diseases by exposure to heavy
metals in total suspended particles, both in winter and spring, showed that exposure to heavy metals in all
stations does not pose a risk to public health. The highest risk of cancer in winter and spring was due to exposure
to the arsenic (at station 2, inside the industrial town) and cadmium (at station 4, inside the industrial town),
respectively. In spring, the risk of cancer due to exposure to arsenic and cadmium was higher in all stations
except station 2 than in winter. However, in the spring, the risk of cancer in all stations was lower than in the
winter. The risk index values for the age group of children were higher than the age group of adults; therefore,
children are more at risk for various types of cancer and non-cancerous diseases while exposing to heavy metals
in the air.

Conclusion: The results of the assessment of exposure to heavy metals released from Naji Industrial Town on
human health show that the risk of non-cancerous diseases does not threaten the people of the study area; but
the risk of cancer caused by the arsenic and cadmium is high at most of the surveyed stations.

Keywords: Air pollution, Heavy metals, Inductively coupled plasma mass spectrometry, Cancerous diseases.
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