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Abstract: The present study focused on different brands of chewing food products which containing some toxic
metals (TMs) and essential metals and these samples were analyzed to determine the levels of some toxic metals
(Pb, Cd, Ni, Cr and Mn) and essential metals (Ca, Cu, Fe, K, Mg, Na and Zn). The samples of gutka (100), sweet
supari (63), sweet paan (16) and paan masala (21) were randomly collected from different shops of Karachi,
Pakistan. The validity of conventional wet acid digestion method (CAD) was assessed by analyzing two certified
reference materials (CRM) Virgina tobacco leaf (CTA-VTL-2) and Bovine liver (1577b) and standard addition
recovery test. The limit of detections (LODs, n=10) of the method were found to be 0.144, 14.4, 8.89, 2.76, 4.06,
15.3 and 2.99, 22.9, 9.97, 4.54, 1.89, 1.76 ug L for Ca, Cu, Fe, K, Mg, Na, Zn, Cd, Cr, Mn, Ni and Pb,
respectively. The CAD method was successfully applied to real samples for the determination of toxic and
essential metals.

Keywords: Chewing food products; toxic and essential metals; conventional wet acid digestion method; Atomic

Absorption Spectrometry.
Introduction

The chewing food products (gutka, sweet paan,
sweet supari (beetal nuts) and paan masala) are
widely consumed products in Pakistan and as well as
in many other Asian countries and elsewhere all over
the world !, although their regular intake has been
interrelated with human health problems 2. The
formulation of the chewing products is similar to an
addiction and used by all age groups but frequently
used by adults because of cheapness, bright pouches,
easy availability, sweet taste and vigorous
misleading advertissments 3% However, these
chewable, as well as other consumer products, have a
lot of harm but most of the peoples are unaware of
the harmful and lethal affects °. Furthermore, the
products may contain TMs which are of great
concern and can directly affect on human health ©.
Elements such as Fe, Cu, Mn, and Zn are essential
nutrients and they play an important role in
biological systems "8, Besides providing the sweet
taste and aroma to peoples, the selected products can
also constitute a serious hazardous effect depending
on the relative levels °. These TMs may cause
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several chronic toxicities including impaired organ
function, poor reproductive capacity, hypertension,
tumors, damage the 1Q level and hepatic
dysfunction®.

Several sample preparation techniques have been
reported (Hana R et al 2017 and Abimannan
Arulkumar et al 2017) for pre-concentration and
determination of essential and toxic metal in food
samples 142,

Although the CAD method requires concentrated
acid and high temperature for the decomposition of
organic matter in the digestion of real samples *°.
Determination of toxic and essential metals in food
samples by electrothermal/flame atomic absorption
spectrometry ~ (ETAAS/FAAS) has  several
advantages including good
selectivity, speed, and fairly low operational cost.
Direct determination of trace elements at extremely
low concentration is often very difficult due to the
insufficient sensitivity of the methods and the matrix
interferences 14%°,

A literature survey (Tasneem GulKazi et al
2010) was conducted and indicated that there is a
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very limited finding on the concentrations of metals
in chewing products of different brands of
Pakistan 6,

Therefore, the present study was aimed to
highlight the misleading and hostile marketing
adopted by different manufacturer companies, and
also evaluate concentrations of essential (Ca, Cu, Fe,
K, Mg, Na and Zn) and potentially toxic (Pb, Cd, Ni,
Cr and Mn) metals in all chewable different brands
of chewing food products (gutka, sweet paan, sweet
supari (beetal nuts), paan masala) determined by
ETAAS/FAAS. The chewing samples were collected
from different shops of Karachi City, Pakistan.
These samples were manufactured in the local
market of Karachi, Pakistan but not imported by any
other country. A total of 200 chewable food samples
were purchased on a random basis. In the view of
obtained results, this study showed the elemental
contamination in chewing food products. It is hoped
that these findings will be important for public health
and as well for scientific needs.

Material and Methods

Reagents and glasswares
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Analytical grades of nitric acid (65%) and
reagents (E. Merck Darmstadt, Germany) were used.
Ultra-pure water (UPW) was used throughout the
experimental work. A stock standard solution (1000
mg L) of essential and toxic metals was used and
obtained from Merck, (Darmstadt, Germany).
Furthermore, working standards of corresponding
metals were prepared from the dilution of the stock
standard solution on daily basis. For the validation of
the proposed method, certified reference materials
(CRMs) i.e. Virginia tobacco leaf (CTA-VTL-2) and
bovine liver (1577b) were used.

Instrumentation

A Hitachi Model 5000 Z Flame Atomic
Absorption Spectrometry was used for determination
of Ca, Cu, Fe, K, Mg, Na, Mn and Zn in all
understudy samples, and ETAAS was used for Cd,
Ni and Pb determination following the instrument
conditions and temperature programs of graphite
furnace as mentioned in Table 1. The calibration
curves for Cd (0.5-2.0 pg L), Pb (10-30 pg L1, Cr
(0.4-1.2 mg L), Fe, Cu, Mn and Zn (0.4-2.0 mg L
D, Ca, K, Na and Mg (0.5-1.5 mg L%) were
established by using of working standard solutions.
Hollow cathode lamps were used and operated at
recommended current.

Table 1. Measurement Conditions for electrothermal Atomization Atomic Absorption Spectrometry.

Operating Cd Cr Pb Ni
Parameters

Lamp current (mA) 7.5 7.5 7.5 10
Wavelength 228.8 359.3 283.3 232
Slit width (nm) 1.3 1.3 1.3 0.2
Cuvette Tube

[Temperature Programming|

Drying 80 120 30 Sec 80 120 30 Sec
Ashing 300 300 30 400 400 30
Atomization 1500 1500 10 200 200 10
Cleaning 1800 1800 3.0 2400 2400 3.0
[Common Parameters|

Sample volume 10uL analyte

Background Correction D? Lamp

Carrier gas Argon 200 mL/mint

Sampling

In the present study, various chewing products
such as gutka, sweet paan, sweet supari (beetal nuts)
and paan masala samples were collected from the
open market of Karachi, Pakistan. The samples were
collected on random basis in the year of 2010-2011.
Before analysis, all collected samples were
homogenized in a food blender (Hongdun HWT).

Analysis of real samples

(0.5-1.0) g of wet samples in triplicate of gutka,
sweet paan, sweet supari (beetal nuts) and paan
masala were weighed in 100 mL of the conical flask
and added 10 mL of HNO3 to this mixture and then
left the sample solution for overnight. After acid
addition, samples were heated on an electric hot
plate for 2 h at 250 °C until a complete colorless
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solution occurred. After cooling and adding the
appropriate quantity of UPW, the resulting solutions
were then filtered through a Whatman 42 filter paper
into a 50 mL volumetric flask and were diluted with
UPW up to the mark. Afterwards, the subsequent
determination of under studied metals was performed
by ETAAS/FAAS spectrometry. Blank samples were
also treated in same way as samples were treated.
The proposed procedure was applied to CRMs and
real samples. Food samples were digested with the
acid mixtures and can create major problems for
some ETAAS/FAAS systems because of deposits on
the interface cones and on the ion optics caused by
high concentrations of dissolved solids. For this
reason, long-term stability can be poor.

Results and Discussion

The chewing food products are usually
consumed by all age group due to good taste and
flavor but these products having the lack of
nutritional value. Ingredients of chewing food
products contain toxic materials such as tobacco that
is present in them during manufacturing. Some
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manmade toxins are also added to chewing food
products such as antibiotics, flavors, preservatives
and colorants that can unintentionally contaminate
food and also packaging materials used to keep food
safe and fresh. Unintentional contamination may
occur through environmental pollution of the water,
air and/or soil ‘"8, Acute or chronic exposure to
TMs can lead to damage nerve cells and have
harmful effects on vital organs. Food safety
laboratories performing these analyses are often
high-throughput facilities and required a detection
tool that is efficient and cost-effective. Cd, Cr, Mn,
and Ni, levels in gutka sample were found
significantly elevated and on the other hand, Pb level
in sweet supari (Beetal Nut) was found highest
(Table 2). The obtained results showed that the level
of TMs i.e. Cd, Cr and Pb were found lowest in Paan
masala. The Ni and Mn concentrations 0.455+0.02
ug/g*t and 17.6+0.23 pg/g respectively were lowest
in sweet supari (beetal nut) samples as compare to
Gutka, Sweet Paan and Paan Masala as noted in
Table 2. It is clear from the results that most of the
understudy samples were severely contaminated with
understudy TMs.

Table 2. Determined concentration of Cd, Cr, Mn, Ni and Pb in Gutka, Sweet Supari (Betal nuts) and Paan

Masala in ug kg™

Cd Cr Mn Ni Pb
Gutka 1.25+0.06 40.1+2.5 395427 14.8+0.95 3.83+0.25
Sweet Paan 0.074+0.003 0.517+0.02 19+0.001 0.561+0.025 0.692+0.03
Sweet Supari 0.064+0.004 0.475+0.02 17.6+0.23 0.455+0.02 207£12
Paan Masala 0.054+0.003 0.163+0.01 26.5+1.2 0.685+0.03 0.587+0.02

At 95% confidence limit (n = 3),

Similarly, some essential elements (Ca, Cu and Fe) were also found a high level in gutka and K, Mg Na and
Zn were high in Paan Masala (Table 3). On the contrary Ca, Cu, Mg Na and Zn were lowest in sweet paan
(Table 3). Several studies have been published on mineral status in the diet, such as Ca, Zn and Fe would affect
the potential risk of TMs %22,

Table 3. Determined concentration of Ca, Cu, Fe, K, Mg, Na, and Zn in Gutka, Sweet Paan, Sweet Supari (Betal
nuts) and Paan Masala.

Sample *Ca **Cu **Fe *K *Mg *Na **Zn
Gutka 104+5.8 95+12 953+29 | 5.31+0.15 2167+137 | 19.2+1.1 15.18+0.75
Sweet Paan 2.18+0.08 3.97+£0.31 | 25.6+1.5 | 7.34+0.35 15.3+1.1 9.3+0.47 6.54+0.55
Sweet Supari | 3.15+0.05 5.29+0.12 | 13.5+0.5 | 8.56+0.55 17.6+1.2 11.7+£0.45 | 8.56+0.55
Paan Masala | 2.28+0.08 4.21+0.21 | 68.3+£2.1 | 18.2+0.98 2416+185 | 22.1+1.1 18.2+0.98
Average 27.9 27.1 265.1 9.9 1153.9 15.6 12.12

*ng g%, **ug Kg'?, at 95% confidence limit,

Our data clearly showed that results of Ca, Cu,
and Fe in chewing products differ significantly
between Gutka and Other understudy chewable
products (Table 3); The daily intakes calculated as
10gram consumption per day for all metal and
compared with WHO/FDA Tolerable Daily Intake
(TDI) in Table 7. All the values in Table 7 are below
respective TDIs, however, the TDIs are for foods
that are consumed after chewing for 30 to 60 seconds

normally. On another hand, the understudy chewable
products spat after a considerable time of chewing
ranging between 20 to 60 minutes. This long
duration is the significant factor because some of our
understudies’ TMs (Cd, Cr, and Ni) are group 1
carcinogenic according to International Agency for
Research (IARC) and National Toxicology Program
(NTP). However, one of the major ingredients of
chewable products i.e. smokeless tobacco is also
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group one carcinogen according to IARC and NTP.
Therefore, the actual risk to local population posed
by TMs contamination remains to be examined. The
Iron and Manganese levels in gutka samples were
significantly higher among all understudy samples as
can be seen in Fig. 1. Similarly, Magnesium
concentration was maximum in Gutka and Paan
Masala (Fig.2). The mean concentrations of these
minerals inherently present in the chewing products
are indicated as: Ca: 27.9 mg kg!, Cu: 27.1 pug kg*,
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Fe: 265.1 g kg, K:9.9 mg kg* Mg: 1153.9 mg kg
1 Na: 15.6 mg kg, and Zn: 12.12 ug kg as shown
in Table 3. The increase in the uptake of minerals
and TMs in the human body is not easily digestible.
Toxic metals were found in chewing products under
the TDIs and that are mostly well recognized as
environmental contaminants, which can probably be
affected during the sample preparation procedure
(Table 7).
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Figure 1. Mean level of selected hazardous and non-hazardous metals in the chewing products of Pakistan.

This is the first ever detailed study was carried
out in Pakistan and it is very difficult to make inter-
country comparisons. National authorities have the
responsibility and obligation to ensure that chewing
products such as gutka, sweet paan, sweet supari

(beetal nuts) and paan masala are free from any
environmental contamination and also free from
naturally occurring toxins which may cause several
human health problems.
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Figure 2. Mean level of selected non-hazardous metals in the chewing products of Pakistan.

Analytical figure of merit

Under optimized condition, the analytical figures
of the proposed procedure were evaluated for the
determination of Ca, Cu, Fe, K, Mg, Na, Zn, Cd, Cr,
Mn, Ni and Pb in gutka, sweet paan, sweet supari
(beetal nuts), paan masala samples. The calibration
graph was established using standard solutions of all
studied metals in analyzed samples. Linear range of
the calibration curve for Cd (0.5-2.0 pg L), Pb (10-
30 pug LY, Cr, Ni (0.4-1.2 ug L), Fe, Cu, Mn and

Zn (0.4-2.0 mg L), Ca, K, Na and Mg (0.5-1.5 mg
L) with the correlation coefficient (R?) Ca: 0.9974,
Cu: 0.9982, Fe: 0.9978, K: 0.9985, Mg: 0.9976, Na:
0.9983, Zn: 0.9997, Cr: 0.9982, Ni: 0.9984, Cd:
0.9985, Pb: 0.9979 and Mn: 0.9986. In order to
confirm the applicability of the proposed procedure,
the limit of detection (LOD) is defined as 3s, where s
is the standard deviation of ten measurements of
blank readings, LODs were found to be 0.1890,
0.0600, 0.0263, 0.0168, 0.0103, 0.0416, 0.0416,
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0.0732, 0.0321, 0.0096, 0.0014, and 0.0014 mg L*
for Ca, Cu, Fe, K, Mg, Na, Zn, Cd, Cr, Mn, Ni and
Pb, respectively. The limit of quantification (LOQ),
based on ten times the standard deviation of 10
measurements of a reagent blank and m as the slope
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of the calibration graph were 0.6320, 0.2001, 0.0875,
0.0560, 0.0337, 0.1387, 0.1389, 0.2440, 0.1070,
0.0321, 0.0047 and 0.0047 mg L™ for Ca, Cu, Fe, K,
Mg, Na, Zn, Cd, Cr, Mn, Ni and Pb, respectively.

LOD=3xs/m and LOQ=10xs/m

Table 4. Validation of the conventional wet acid digestion method (CAD) against certified reference material
Virginia tobacco leaf (CTA-VTL-2) (ug g %, n=6) and Bovine Liver (1577Db).

Toxic elements Certified CAD %Recovery
X*s X*s
Virginia tobacco leaf (CTA-VTL-2)
Fe 184 183+11.5 99.5
Cd 0.5 0.505£0.032 101
Cu 160 159+9.6 99.4
Mn 10.5 10.3+0.47 98.1
Pb 0.129 0.128+0.009 99.2
Zn 127 12848.2 101
Bovine Liver (1577b)

Cr 1.87+0.16 1.84+0.063 98.4
Na 312 314+15.7 101
Ni 1.98+0.21 1.97+0.055 99.5
Mg 0.510+0.023 0.504+0.032 98.8
K 1.03+0.04 1.05+1.05 102

X = mean, s = standard deviation (uncertainty)
at 95% confidence limit, x = mean value
%Recovery = (CAD Value / Certified Value) x 100

Validation of Methodology

In order to optimization, the conventional wet
acid digestion method (CAD) procedure was applied
to determine the Ca, Cu, Fe, K, Mg, Na, Zn, Cd, Cr,
Mn, Ni and Pb from gutka, sweet paan, sweet supari
(beetal nuts), paan masala and CRM samples. The
accuracy of the proposed method was checked by the
analysis of (Virginia tobacco leaf (CTA-VTL-2),

bovine liver (1577b) CRM samples. Quantitative
results for six replicate of CRMs recovery test
showed a good agreement with the certified values,
at 95% confidence limit, the results are given in
Table 4. Similarly, other standard addition/recovery
tests were performed on Gutka and Paan Masala
samples to validate the CAD method at 95%
confidence limit (Table 5 & 6).

Table 5. Standard Addition/recovery test in Gutka samples for determination of Cd, Cr, Mn, Ni and Pb (in ug Kg).

Added Values |

Found Values |

% Recovery

Cadmium (Cd)

0.0 1.25+0.06
1.0 2.245 99.5
Chromium (Cr)

0.0 401425 ...
5.0 44.95+2.7 97.0
Manganese (Mn)

0.0 395+27
5.0 399.8+12.5 96.0
Nickel (Ni)

0.0 14.8+0.95
10 24.5+1.4 97.0
Lead (Pb)

0.0 3.83+0.25
10 13.8+0.79 99.7

*ug Kg* at 95% confidence limit,

%Recovery = (Standard Recovered / Standard added) x 100
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Table 6. Standard Addition recovery test in Paan Masala samples for determination of Cd, Cr, Mn, Ni and Pb (ug Kg?).

Added Values Found Values % Recovery
Cadmium (Cd)

0.0 2.28+0.08
1.5 3.76+0.23 98.7
Copper (Cu)

0.0 4.21+0.21
1.0 5.21+0.34 100
Iron (Fe)
0.0 68.3+2.1
5.0 73.1+2.6 96.0
Potassium (K)
0.0 18.2+0.98
4.0 22.1+1.1 97.5
Magnesium (Mg)
0.0 2415+185
5.0 2419.9+55.8 98.0
Sodium (Na)
0.0 22.1+1.1
10 31.8+1.4 97.0
Zinc (Zn)
0.0 18.20+0.98
1.5 19.65+0.99 96.7

at 95% confidence limit,

%Recovery = (Standard Recovered / Standard added) x 100

Essential and toxic metals in chewing food
products and their daily intake Toxic metals are
released into water, plants, soil, and food by natural
and human activities 2>?’. Due to that reason, it is
important to determine the concentrations of TMs in
different chewing food samples. Abnormal ingestion
causes neurological anomalies, hepatic and renal
disturbances . The proposed method was selected
to cover a wide range of essential and toxic metals
contents. The selected foods were gutka, sweet
paan, sweet supari (beetal nuts) and paan masala are
the most popular chewable food items which are
being used by Karachi peoples because of its low
cost and these food items are consumed by all age
group but especially consumed by a male. The
regular consumption of studied varieties may
develop hypertension which may lead to heart or
brain stroke and many other diseases including
mouth cancer, though they are controllable,
sometimes creates a lot of harm to health.

This trace and TMs were found within maximum
TDIs limit in food in understudy samples and have
adverse impacts on human health. The essential
metals (Ca, Cu, Fe, K, Mg, Na, Zn, and Mn) become
toxic and cause serious health issues, if taken in high
quantities. Similarly, TMs might get deposited in the
human body (especially in mouth) and caused long-
term ill-effects on health. The TMs can directly or

indirectly damage the DNA, which increases the risk
of cancer. Human exposure to TMs can be different
greatly due to use of different type of foods and
manufacturing processes and occupational sources of
TMs 2931,

The present study illustrated that the intake of
essential and toxic metals is different in different
types of chewable food items in Karachi, Pakistan
and provides specific information on the average
dietary intake of studied metals as given in Table 7.

Moreover, the present study showed that toxic
metals were detected in all products but these metals
were founded at a low level in most of the chewable
food items gutka, sweet paan, sweet supari (beetal
nuts) and paan masala as compared to TDIs
permitted levels (Table 7). These heavy metals are
most responsible for major and minor contribution to
cause serious health issues, as these metals are
considered as a toxic even in ultra-small doses. The
average consumption of these chewable food items
was estimated by this survey on the population of
different areas of Karachi city, Pakistan. The daily
intakes of studied metals were calculated on the
consumption of a minimum five pack 10gm (1
pack=2.0 gm)/person/day of the chewable food items
and compared with permitted levels which
recommended by WHO/FDA 3233,
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Table 7. Daily intake of Essential and toxic metals by consumption of some selected chewing food products (mg
of metals based on 10gm gutka, sweet paan, sweet supari, and paan masala/person/day).

Metals Gutka Sweet Paan Sweet Supari Paan Masala Tolerable Daily
(mg or ug) of metals/day/person mg or

Pb* 0.038 0.007 2.07 0.006 200

Cd* 0.012 0.0007 0.0006 0.0005 3

Ni* 0.148 0.006 0.004 0.007 300-600
Cr* 0.401 0.005 0.005 0.002 120

Mn* 3.95 0.17 0.176 0.26 2000-3000
Ca 1.04 0.031 0.031 0.023 1000

Cu* 0.95 0.053 0.053 0.042 10000
Fe* 9.53 0.25 0.135 0.68 8000-18000
K 0.053 0.086 0.085 0.18 1600

Mg 21.67 0.17 0.176 24.2 350-400
Na 0.192 0.12 0.117 0.22 2300

Zn* 0.152 0.08 0.085 0.18 12000-15000

* ug (including intake limits)

WHO/FAO Reference Daily Intakes reported above are for adults only.

Conclusion

The CAD method was used for determination of
toxic and essential metals in different chewing food
products which were collected from the supermarket
of Karachi, Pakistan. In Gutka and Sweet Supari
samples, TMs such as Cd and Pb concentrations
were found higher as compare to other understudy
chewing products. Mostly, the studied chewing food
items were taken by low-income people and they are
using on daily basis. Despite the fact that, an excess
ingestion of these chewing products not only has an
impact on human health butalso affect the
environment. Regarding the polluted environment,
humans are exposed the TMs by ingestion of food
which may lead to serious health risks. According to
our findings, all studied samples holds up to 70 %
market of tobacco products in Pakistan; its
consumption is very high so the most of the peoples
are suffering from many incurable diseases. For
better check and balance of food products, concerned
authorities should control and explore healthy
products for the local population. Further, it is also
recommended for another researcher to evaluate the
extraction and retention of TMs in the mouth and to
study the correlation of mouth cancer to these TMs.
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