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Abstract: Objective:Polycyclic aromatic hydrocarbons are teratogenic and mutagenic, for their determination
50 water samples were taken from Hattar industrial area, TIP housing society, Hazara University
DhodialMansehra and Kahuta industrial triangle Islamabad. Methods: Samples were analyzed with the help of
High Pressure Liquid Chromatography for the determination of 5 Nitro PAHSs including: Nitronaphthalene
(NN), Nitrofluorine (NF), 9- Nitroanthracene (NA), 3-Nitrofluoroanthene (NFA), Nitropyrene (NP). Results:
Maximum amount 1ng/L of 1-NN was detected in the water samples of Industrial Estate, Hattar.The samples
taken from Hattar industrial Estate phase 1, 3-nitro PAHs were detected in different concentration, 9-NA =
0.4ng/L, 2-NF = 0.637ng/L in 1%sample and 0.34ng/L in 2" sample, 1-NP 0.66ng/L, 0.21ng/L and 0.5ng/L in 3
different samples.The samples taken from Hattar industrial Estate phase 1V, 4-nitro PAHs were detected 1-NN
= 1ng/L, 0.69ng/L, 2-NF = 0.9ng/L, 9-NA = 0.87ng/L and 1-NP = 0.4ng/L. The sample taken form Kahuta
Industrial Triangle, 4 nitro PHAs were detected 1-NN = 0.42ng/L, 2-NF = 0.87ng/L, 0.63ng/L, 9-NA =
0.78ng/L and 3-NFA = 0.1ng/L.The sample taken from Industrial Estate 1-9 Islamabad, only one nitro PAH 9-
NA = 0.41ng/L was detected. The samples taken from TIP Housing Society, Industrial Zone Rawat Islamabad,
Abbottabad, Qalanderabad, DhodialMansehraand commercial bottle of any beverages no nitro PAHs were
detected.Bottled drinking water was also checked and no appreciable concentrations of nitro polycyclic
aromatic hydrocarbons were detected in these samples. Conclusion: It is concluded that commercial water
supplies are safe for health. The underground water near industrial areas particularly Hattar industrial area is
not good for human use. While Rawat Industrial Zone is well planned for water supply and drainage so there no
nitro PAHs were detected.

Keywords: Polycyclic aromatic hydrocarbons; High Pressure Liquid Chromatography; Islamabad;
Nitronaphthalene; Nitrofluorine; 9- Nitroanthracene; 3-Nitrofluoroanthene

1. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHSs) occur in oil, coal, and tar deposits and are produced as
byproducts of fuel burning (whether fossil fuel or biomass)" 2. Some compounds have been identified
as carcinogenic, mutagenic, teratogenic and potent atmospheric pollutants®. September 2012, NASA
scientists reported results of analog studies in vitro that PAHS, subjected to interstellar medium (ISM)
conditions, are transformed, through hydrogenation, oxygenation, and hydroxylation, to more
complex organics"a step along the path toward amino acids and nucleotides, the raw materials of

proteins and DNA, respectively™.
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In a study evaluating the genotoxic and carcinogenic risks associated with the consumption of
repeatedly heated coconut oil (RCO), one of the commonly consumed cooking and frying medium, it
was concluded that dietary consumption of RCO can cause a genotoxic and preneoplastic change in
the liver>®. Nitro-PAHs may be metabolized by ring oxidation, nitro reduction, as well as conjugation
reactions. Some of these reactions may lead to reactive metabolites that can covalently bind to
macromolecules including DNA. Reactive epoxides may be formed by various CYP enzymes ®%*,
The pollution of the environment by Nitrated polycyclic aromatic hydrocarbons is becoming a greater
than ever ecological alarm. The interest and aim of this subject is to study that how much these
compounds effect the health of human beings”*.

The main objective of this research was to study the continual increased threat to the environment and
human’s wellbeing, to aware the Government as well as Environmental protection agencies about
these carcinogenic compounds and their effects on health, to aware the ministry of environment that
they should monitor/ check the waste treatment of industries and to aware the industrialists that they
should provide safe/ pure drinking water to their employers
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Figure 01. Strong role of polycyclic aromatic hydrocarbons as carcinogen
2. MATERIALS AND METHODS
Experimental Design

Fifty water samples from Hattar and Islamabad Industrial areas, residential area of TIP housing
society, Jinnahabad and Hazara University as well as bottled water were analyzed for the presence of
1-Nitronaphthalene, 9-Nitroanthracene, 3-Nitrofluoranthene, 2-Nitrofluorene and 1-nitropyrene Nitro-
PAHSs. The analyses were performed by using an HPLC chromatograph. Individual Nitro-PAHs were
identified through both retention time matches with authentic standards ** .

Sample collection and storage

Samples were collected in containers made up of amber color glass bottles in refrigerator. All samples
were kept at 4°C. pH is adjusted of the sample to <2 with 6N HCI to inhibit biological activity. All
samples were extracted and completely analyzed within thirty days of extraction™.

Extraction procedures:

For liquid-liquid extraction, 100 ml of water sample having 0.75 mg/liter peranalyte was extracted
with 30 ml aliquots of methylene chloride. The combined extract was poured through a column
having 10 cm of sodium sulfate (anhydrous), and the extract was collected. Flask and column was
rinsed with 20 mL of methylene chloride. The organic solvent is evaporated in to dryness in the
le6\/aporative flask. The residue is resuspended in 4 mL of acetonitrile and refrigerated (4°C) to store™

Solid-Phase Extraction (SPE)

Water sample was collected and filtered through a 0.45um filter. About 20ml of water sample was
collected by passing through C18 Column. Take 5ml from it in test tube, add 5ml of filtered
methylene chloride and evaporate at water-bath. Cooled and 5ml of acetonitrile was added™.
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Chromatographic Conditions:

HPLC (Isocratic) with UV detection was used for separation and quantification of Nitro-PAHSs. 35: 65
v/v mixtures of Acetonitrile and water were used as mobile phase (1ml/min.)*’. Sample loop was of
0.1 ml volume'* . Every nitro-PAH was detected in definite wavelengths which were shown as
follows: 9-NA at 250nm, 2-NF at 250nm, 3-NF at 230nm, 1-NP at 230nm and1-NP at 210nm

3. RESULTS AND DISCUSSION

The study consisted of fifty (50) water samples from different areas of Abbottabad, Mansehra,
Haripur and Islamabad. Different sources of water like tube well, tape water and bottled water were
selected for this purpose. These samples were analyzed for nitro polycyclic aromatic hydrocarbons
and compared with standard chromatogram in which we intentionally injected Nitro PAHs at the
concentration of 10ug/L. As shown in Chromatogram of Standard.The results are presented in table 1
to 10.

Sample Taken From Hattar Industrial Estate (Phase I)

Samples were collected in the vicinity of Hattar Industrial area Phase I. In these samples all the five
nitro PAHs were detected because it is industrial area where a number of factories are working
including Ghee Mills, Steel Mills and paper Mills. One of the reasons of the presence of Nitro PAHs
in water is inadequate sewage system and improper waste disposal of the factories.

In Hattar Industrial area Phase | there are three nitro-PAHs detected. These are: 9-NA, 2-NF and1-NP.
Concentrations of the Nitro-PAHSs detected in Hattar Industrial area are shown in table 1 (in ng/L). In
sample 1 from Hattar Industrial Area 9-Nitroanthracene is detected with a concentration of 0.41ng/ L
which is shown in table 1 and figure 9.In sample 2, 3 and 5 1-NP was detected concentration 0f0.66,
0.21 and 0.5ng/L respectively and shown in figure 10,11 and 13 while in sample 4 and 6, 2-NF was
detected at the concentration of 0.637 and 0.34 ng/L respectively shown in figure 12 and 14

Table 1: Water sample taken from Hattar Industrial Estate (Phase 1)

Smp. # Nitro PAHSs (ng/ L
' 1-NN 2-NF 9- NA 3- NFA 1- NP
[ Nil 0.41
] Nil 0.66
i Nil 0.21
v 0.637
\Y 0.5
VI 0.34
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Figl. Sample taken from Hattar Industrial area Phase | in which 9-NA was detected at a concentration of
0.41ng/L
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Fig2: Sample taken from Hattar Industrial area Phase | in which 1-NP was detected at a concentration of
0.66ng/L
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Fig3: Sample taken from Hattar Industrial area Phase | in which 1-Nitropyrene was detected at a concentration
of 0.21ng/L
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Figure 5: Sample taken from Hattar Industrial area Phase | in which 1-Nitropyrene was detected at a

concentration of 0.66ng/L
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Figure 6: Sample taken from Hattar Industrial area Phase | in which 2-Nitrofluorine was detected at a

concentration of 0.34ng/L
Page 41

ARC Journal of Pharmaceutical Sciences (AJPS)



Sohail Ahmad et al.

Sample Taken From Hattar Industrial Estate (Phase 1V)

Samples were collected in the vicinity of Hattar Industrial area Phase 1V. In these samples four nitro
PAHs were detected because it is industrial area where a number of factories are working including
DewanSulemanFibre, Steel Mills and chemicals manufacturing factories. One of the reasons of the
presence of Nitro PAHs in water is inadequate sewage system and improper waste disposal of the
factories.In Hattar Industrial area Phase IV there are four nitro-PAHs detected. These are:1-
Nitronaphthalene, 2-Nitrofluorine, 9-Nitroanthracene and 1-Nitropyrene.

In sample 01, 1-Nitronaphthalene was detected with a concentration of 1.00ng/L. In sample 03 there
are three nitro-PAHSs detected which are 1-NN, 2-NF, 9-NA with a concentration of 0.69, 0.9 and 0.87
respectively.

Table 2: Water sample taken from Hattar Industrial Estate (Phase 1V)

Nitro PAHSs (ng/ Liter)
Smp. #
1-NN 2-NF 9- NA 3-NFA 1- NP
| 1.00
1 0.69 0.9 0.87
v 0.40

Results
Peak No. Peak ID Ret Time Height Area Conc.

1

Total

Fig7: Sample taken from Hattar Industrial area Phase IV in which 1-Nitronaphthalene was detected at a
concentration of 1ng/L

Results
Peak No, Peak ID Ret Time Height Arca Conc,

606,342 35113

Total

Fig8: Sample taken from Hattar Industrial area Phase IV in which 1-Nitronaphthalene wasdetected at a
concentration of 1ng/L
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Results
Peak No. Peak ID Ret Time Height Area Conc.
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Fig9: Sample taken from Hattar Industrial area Phase IV in which three nitro-PAHs were detected: 1-
Nitronaphthalene = 0.69ng/L, 2-Nitrofluorine = 0.90ng/L and 9-Nitroanthracene = 0.87ng/L

Chromatogram (smp 9.0rg)

Results
Peak No. Peak ID Ret Time Height Area Conc.

4523

Total

Figl10: Sample taken from Hattar Industrial area Phase IV in whichl-Nitropyrene was detected at a
concentration of 0.4ng/L

Samples Taken From Industrial Triangle Kahuta Road Islamabad

These samples were collected from Industrial Triangle Kahuta Road, Islamabad. In these samples
Nitro PAHSs are detected as well because this is also industrial area. One of the reasons of the presence
of Nitro PAHs in water is inadequate sewage system and improper waste disposal of the
factories. Three water samples were collected from Kahuta Industrial estate,. Four Nitro-PAHs are
detected in these samples taken from Industrial Triangle Kahuta road. In sample # 01 there was no
nitro-PAH detectedAnd in # 02 four Nitro-PAHs were detected which are 1-NN (0.42ng/L), 2-NF
(0.87ng/L), 9-NA (0.78ng/L), 3-NFA (0.1ng/L). In sample # 03 2-NF was detected with a
concentration of 0.63ng/L.

Table 3: Water sample taken from Industrial Triangle Kahuta road Islamabad

Smo. # Nitro PAHSs (ng/ Liter)
P- 1-NN 2-NF 9- NA 3-NFA 1- NP
| --- - - - —
I 0.42 0.87 0.78 0.1
" 0.63
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Figl1: Sample taken from Industrial Triangle Islamabad in which No nitro-PAH was detected.

Results
Peak No. Peak ID Ret Time Height Area Conc.

Total

Figl2: Sample taken from Industrial Triangle Islamabad in which 1-NN, 2-NF, 9-NA, and 3-NF was detected.
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-
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Fig13: Sample taken from Industrial Triangle Islamabad in which 2-NF was detected with a concentration of
0.63ng/L

Sample Taken From Tip Housing Society, Haripur

The data about level of PAHs in water samples collected from TIP housing society is given in table
04. The results show that no concentration of PAHs was found in these samples as the area of TIP
colony is well planned and environmentally cleaned. Five samples were taken from different sources
like tube well, tap water, and these samples were taken from different sectors of society. None of the
samples contain any nitro-PAHs. Results are shown in table 04 and chromatograms are shown in
figure 22 to 26.
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Table 4: Water sample taken from TIP housing society, Haripur.

Smp. # Nitro PAHSs (ng/ Liter)
- 1-NN 2-NF 9-NA 3-NFA 1- NP
| — — — - —
"
v — — — - —

Peak No. PeakID Ret Time Height Area Conc.

Total

Figure 14: Sample taken from TIP housing society, Haripur in which No nitro-PAH was detected

Results

Peak No. Peak ID Ret Time Height Area Cone,

0443

Total

Fig15: Sample taken from TIP housing society, Haripur in which No nitro-PAH was detected

Results
Peak No. Peak 1D Ret Time Height

Total 4835.856

Figure 16: Sample taken from TIP housing society, Haripur in which No nitro-PAH was detected
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Peak No. Peak 1D Ret Time Height Area Conc.

1

Total 54061.108

Figl7: Sample taken from TIP housing society, Haripur in which No nitro-PAH was detected

Results

Peak No, Peak ID Ret Time Height

Fig18: Sample taken from TIP housing society, Haripur in which No nitro- PAH was detected

Sample Collected From Bottled Mineral Water

Table 05 presents the information about PAHs detected in commercially available mineral water sold
in plastic bottles with trade names of NESTLE, KINLEY, AQUAFINA and SPARKLY. This data had
shown no nitro PAHs were detected in bottled water which means that they have a good source of
water and their water treatment is good.

Table 5: Water sample taken from Bottles (Nestle, Kinley, Aquafina and Sparkly)

Nitro PAHSs (ng/ Liter)
Smp. # 1-NN 2-NF 9- NA 3-NFA 1- NP

Results
Height

Peak No, Peak ID Ret Time

Fig19: Sample taken from Bottled water (NESTLE) No nitro- PAH was detected
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Fig20: Sample taken from bottled water (AQUAFINA) No nitro- PAH was detect
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Fig21: Sample taken from bottled water (SPARKLEY) No nitro- PAH was detected

Chromatogram (smp 22.0rg)
®
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Time(min)
Results
Peak No. Peak ID Ret Time Height Area Conc.
2.598 21127.814 30.8103
2 3.582 27715, 40.4164
3 3.848 19731.012 28.7733
Total 68573.971 100.0000

Fig22: Sample taken from bottled water (KINLEY) No nitro- PAH was detected
Water Samples Taken From 1-9 Industrial Estate Islamabad

Table 06 presents the data of samples which were taken for analysis from 1-9 industrial area,
Islamabad, where only one nitro PAH is detected because it is also an industrial area. 9-
Nitroanthracine is detected here.

Table 6: Water sample taken from 1-9 Industrial Estate, Islamabad

Nitro PAHSs (ng / Liter)
1-NN 2-NF 9- NA 3-NFA 1- NP

Smp. #

Il --- --- 0.41 --- ---
v - --- - - —
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Fig23: Sample taken from 1-9 Industrial Estate Islamabad in which No nitro-PAH was detected
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Fig25: Sample taken from 1-9 Industrial Estate Islamabad in which 9-NA was detected at a concentration of
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Water Samples Taken From Jinnah Abad, Abbottabad

Samples collected from Jinnahabad, Abbottabad are presented in table 7 and their chromatograms are
shown in figure 35, 36, 37, 38 and 39 below. No nitro-PAH was detected in any of the samples taken
from this vicinity. This was probably because there was no industrial area nearby and also the source
of water is very good.

Table 7: Water samples taken from Jinnah Abad, Abbottabad

Smp. # Nitro PAHSs (ng/ Liter)
' 1-NN 2-NF 9- NA 3-NFA 1- NP
| - - —- - —
"l
vV - - —- - —

Total

Fig27: Sample taken from Jinnah Abad, Abbotfabad ih‘\/‘\'/hich No nitro-PAH was detected

Results
Peak No Peak 10 Ret Time Height Area Conc

Total 506.765

506.765

Fig28: Sample taken from Jinnah Abad, Abbottabad in which No nitro-PAH was detected

Results
Peak No. Peak ID Ret Time Height

Total

Fig29: Sample taken from Jinnah Abad, Abbottabad in which No nitro-PAH was detected

ARC Journal of Pharmaceutical Sciences (AJPS) Page 49



Sohail Ahmad et al.

Results

Ret Time Height o
t rea

Total = = TIS 169360 240413

Fig30: Sample taken from Jinnah Abad, Abbottabad in which No nitro-PAH was detecte
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Fig31: Sample taken from Jinnah Abad, Abbottabad in which No nitro-PAH was detected
Water Sample Taken From Qalandarabad, Abbottabad

The chromatograms obtained from samples collected from Qalanderabad, Abbottabad are described in
table 8 and the chromatograms are presented in figure 40 to 45. No nitro-PAHs were detected because
the samples were collected from an area whose water source is of natural springs.

Table 8: Water sample taken from Qalanderabad, Abbottabad

Smp. # Nitro PAHSs (ng/ Liter)
) 1-NN 2-NF 9- NA 3-NFA 1- NP
| - - — — —
1T
Vi - - — — —

Time{min)

Results
Peak No. Peak ID Ret Time Height Conc.

Total 3901.05!

Fig40: Sample taken from Qalanderabad, Abbottabad in which No nitro-PAH was detected
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Results
Peak No. Peak 1D Height Area Conc.
;
Total
Fig32: Sample taken from Qalandarabad, Abbottabad in which No nitro-PAH was detected
Results
Peak No. Peak ID Ret Time Height
120
Total 13804.50

Fig33: Sample taken from Qalanderabad, Abbotta

Total 3

Fig34: Sample taken from Qalanderabad, Abbo

Results
Peak No. Peak1D Ret Time Height Area Conc.

Total 4

Fig35: Sample taken from Qalanderabad, Abbottabad in

6448.203 1

which No nitro-PAH was detected
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Results
Ret Time Height

Peak No Peak ID

Total

Fig36: Sample taken from Qalanderabad, Abbottabad in which No nitro-PAH was detected
Water Sample Taken From National Industrial Zone Rawat, Islamabad

Table 9 shows the list of samples which were collected from National Industrial Zone, Rawat-
Islamabad. No nitro-PAH were detected in all these samples as shown in the figure 46 to 52 below.
National industrial zone Rawat is a bit planned industrial zone having less industries and a good
sewage system. That’s why no nitro-PAHSs were detected in the samples collected from NIZ, Rawat,
Islamabad.Results are summarized in table 9 and the chromatograms are shown in figures 46 to 52

Table 9: Water sample taken from National Industrial Zone Rawat, Islamabad

Smp. # Nitro PAHSs (ng/ Liter)
' 1-NN 2-NF 9- NA 3-NFA 1- NP
| - - - — —
1T
\Vi - - - — —
VIl

\ A APV
gk A i o ANy

g

Time(min)

Results
Peak No. Peak ID Ret Time Height Area Conc.

3473 185.544

Total 185.544

Fig37: Sample taken from National Industrial Zone Rawat, in this sample no nitro-PAH was detected

Results

Fig38: Sample taken from National Industrial Zone Rawat, no nitro-PAH was detected
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]

Time{min;
Results
Peak No. Peak ID Ret Time Height
1 0.182
2 3.607
3 3.965
4 4.107

Fig39: Sample taken from National Industrial Zone Rawat, no nitro-PAH was detected

Chromatogram (smp 1.0rg)
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Results
Peak No, Peak ID Ret Time Height Area
0.065 1158.200
1273 6659.600
g 1607 822,600 10643.800
4 23% 148.058 1693.600
5 329 214140 3562.070
Total 1708616 23717.270

Fig40: Sample taken from National Industrial Zone Rawat, no nitro-PAH was detected
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Fig4l: Sample taken from National Industrial Zone Rawat, no nitro-PAH was detected

_ Chromatogram (smp 19.0rg)
4 \
s
4 5
Time{min)
Results
Peak No. Peak ID Ret Time Height Area Conc.

1282
1582

3 1657

4 423

5 6465
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Fig42: Sample taken from National Industrial Zone Rawat, no nitro-PAH was detected
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Time(min)

Results
Peak No. PeakID Ret Time Height Area Conc.

82493453 40.0948

2
3
Total

Fig43: Sample taken from National Industrial Zone Rawat, no nitro-PAH was detected
Water Samples Taken From Dhodial, Mansehra

Table 10 presents the samples collected from Dhodial, Mansehra. In these samples no nitro-PAH is
detected probably because of absence of any industries.Results are described in table 10 while
chromatograms are shown in figure 53 to 57.

Smp. # Nitro PAHSs (ng/ Liter)
' 1-NN 2-NF 9- NA 3-NFA 1- NP
| — - - - —
1l
\Vi — - - - —

2
) 5932

L ;

Results
Peak No. Peak ID Height Area Conc.

1

3

5

Total

Chromatogram (smp 4.0rg)

-
8 L
> . e
0 2 0 B 1 12 o
Time{min
Results
Peak No. Peak ID Ret Time Height Area
1 950991 31743.504
5 1
6 35,460 1325.000
7 60.795 1508.013
Total 2925.888 69105.987

Fig45: Sample taken from Dhodial, Mansehra no nitro-PAH was detected
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Time(min)

Results
Peak No. Peak ID Ret Time Height

0.182
3.607
3 3.965
4

4.107

2

Total 736.060

Fig55: Sample taken from Dhodial, Mansehra no nitro-PAH was detected

Chromatogram (Smpt.org)

Results
Peak No. Peak 1D Ret Time Height Area Conc.

11353328
1577.493
4433.582
370.737
1099.080

Total 18834.220

1

5

Fig46: Sample taken from Dhodial, Mansehra no nitro-PAH was detected

Chromatogram (smp 1

Voltage

W

Peak No. Peak ID Ret Time Area Conc.

1273 6 )
1064. 0
1693.600
3562.070
23717.270

2.3%0
3.290

Total

Fig47: Sample taken from Dhodial, Mansehra no nitro-PAH was detected

4. CONCLUSION

50 water samples were taken from Hattar industrial area, TIP housing society, Hazara University
DhodialMansehra and Kahuta industrial triangle Islamabad and analyzed with the help of High
Pressure Liquid Chromatography for the determination of 5 Nitro PAHSs including: Nitronaphthalene,
Nitrofluorine, 9-Nitroanthracene, 3-Nitrofluoroanthene, Nitropyrene. Maximum amount 1ng/L of 1-
NN was detected in the water samples of Industrial Estate, Hattar. It is concluded that commercial
water supplies are safe for health. The underground water near industrial areas particularly Hattar
industrial area is not good for human use. While Rawat Industrial Zone is well planned for water
supply and drainage so there no nitro PAHs were detected.
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