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INTRODUCTION

Water is one of the most essential substances needed to sustain human life, animals,
plants and other living beings. Without water no life is possible on earth. Now-a-days,
water pollution is a burning issue of all over the world (Sundaray et al., 2012; Sehgal et
al, 2011; Akbulut & Tuncer, 2011; Aktar et al., 2010). The situation of water
pollution in India also reaches into alarming position. All the water resources of our
country such as rivers, lakes, ponds as well as ground water have become much more
polluted.

Adequate water resources for future generation is not only a regional issue but also a
global concern. In our country fresh water wealth is under threat due to the influence of
naturals & human activities. By the term “heavy metals” we usually refer to any metallic
element that contain a relative high density and applies to the group of metals and
metalloids with atomic density greater than 4 g/cm®. Heavy metals are environmentally
stable, non-biodegradable and tend to accumulate in plants and animals causing chronic
adverse effects on human health.

Detereorating Water Quality

The quality of water available to man has received a great attention and over the
years comprehensive national and international studies have been carried out. Many
standards have been laid down for drinking water, water for agricultural and industrial
use as well as liquid effluents from domestic, industrial and other sources. A
considerable contamination of groundwater has been reported (Buragohain et al.,
2010; Babatunde et al., 2009; Batheja et al., 2007; Venkatasubramani et al., 2007,
Sundar and Saseetharan, 2007; Bathusha and Saseetharan, 2007). India’s groundwater
has been investigated in relation to domestic, irrigational and industrial purposes. The
groundwater from about half of the wells have been found to exceed the recommended
upper limits for drinking purpose (Lokhande et al., 2007). In some localities, industrial
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brines, localized salt bearing geological formation and leaching from sewage farm are
responsible for the groundwater contamination. The evolution of metal based industries
have disturbed the catchment of heavy metals and have thrown large quantities of
these metals into the rivers from where water seeps down into the groundwater of
surrounding area. Heavy metals are one of the most harmful pollutants because of their
non-biodegradable nature. They get accumulated in various body organs even in the
lowest concentration causing several physiological disorders. Increasing number of
micro-organisms in the potable groundwater also causes a number of diseases (Long,
1989).

Rapid industrialization and urbanization in India have resulted in discharge of
enormous quantities of inadequately treated wastewaters from industries and urban
agglomeration (Gupta et al., 2009; Srikantaswamy et al, 2007; Feng et al. 2007). This, in
turn, has posed a severe threat to our water resources, both surface and groundwater
(Bhavana et al., 2009; Somasundaram et al., 1993). In addition, the disposal of solid and
hazardous waste materials on land added dimension to the problem. In this context, it is
of vital importance to plan and implement strategies for wastewater management. The
volumes and characteristics of wastewater vary widely from industry to industry and
even for the same type of industry with similar production pattern, the characteristics
may vary due to changes in raw materials, chemicals and raw water quality. Similarly,
the option for wastewater management may be suitable for one industry but not for
other due to reasons explained earlier. Hence, the wastewater management problem of
industries need to be studied on case-by-case basis with due importance being given to
simplicity of operation, minimum capital costs, minimum land requirements and
conservation of resources. Wastewater volumes and characteristics for selected
industries should be considered with alongwith general modes of treatment (Smith,
1990).

According to a survey conducted by the Health Department of U.P., drinking water in
about 11 cities is highly contaminated and totally unfit for human consumption. A
staggering 70% of the available water in India is polluted as reported by NEERI, Nagpur.
Water samples are found to contain dissolved impurities, toxic metals and low dissolved
oxygen (DO) content from wastewaters, which have completely destroyed water

ecological balance making surface water as dangerous as slow poison and polluted
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groundwater. 50-75% population in Lucknow, Kanpur, Varanasi, Sitapur, Agra,

Allahabad, Jaunpur, Balia, Gorakhpur, Basti, Mumbai, Kolkata, Durgapur, Chennai and
Delhi is acutely suffering from several stomach ailments. These waterborne diseases
include cholera, typhoid, enteric fever, gastroenteritis, amoebiasis and guinea worm
diseases. It is estimated that about 75 million people severely suffer from water related
problems (Arora & Kour, 2009). The cost of treating them amounts to Rs. 600 crore per
year. Therefore, a complete knowledge of seasonal changes and quality of wastewater in
the present study area is essential in order to control the deterioration and to develop
proper strategies for better water quality management (Ashraf & Mukundan, 2007).

The wastewater of an industrial process is mainly the mother liquor left over after the
product is isolated and separated by filter press. This wastewater is of smaller volume
and highly concentrated in terms of pollutants. The washings of vessels and machines
also add to similar type of pollutants but of lower concentrations. The wastewater
originates from homes, agricultural fields, manufacturing process, utilities and service
sections. The individual waste streams from various sources have distinct characteristics
(Singh et al., 2009; Traps and Matthies, 1995). The flow, type and concentration of
pollutants vary widely depending upon process, water use and cleaning system. It has
been identified that the wastewaters of industries have in general the following
characteristics:

High levels of BOD and COD

High acidity or alkalinity

High TDS

Deep colour of different shades if dyes are used
High level of chlorides and sulphates

Presence of phenolics and other organics as per use

Presence of heavy metals such as copper, cadmium, chromium, lead manganese,
mercury, nickel and zinc

Presense of oil and grease
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Presently, the great efforts are being made to minimize the quantity and toxicity
of industrial effluents. Nowadays, industrial concepts imply the development of new
ecofriendly technologies and the implementation of recycling systems. During this
study, the physicochemical characteristics of wastewaters of electroplating industries
were determined so that suitable remediation methods could be developed.

Today, 80% of India's rural people rely on groundwater to meet their domestic needs
and it irrigates about 46 hectares of perched land annually (Shrivastava and Mishra, 2011).
Groundwater is over exploited both by farmers as well as city dwellers because surface
water is not available or is highly polluted (BIS, 1991). The over exploitation of
groundwater is emerging as an increasingly serious problem in certain agriculturally
important districts. In 12 districts of Punjab and 3 of Haryana the exploitation of
groundwater exceeds its recharge. Groundwater aquifers of Mehsana district in Gujarat
and Coimbatore district in Tamil Nadu have been permanently depleted. The number of
stressed groundwater blocks increase from 253 in 1984-85 to 422 in 1992-93. At present
the water table is falling at the rate of 15 cm per year in the Yamuna basin. If present
trend continues, the basin would experience water stress by 2025 and acute water
scarcity by 2050. Falling water tables can also lead to salinity due to the mixing of sweet
water with the more saline water below and because of sea water intrusion Jamnagar,
Mumbai, Goa, Cochin, Trivandram, Madras, Vishakhapatnam and Puri are going to be
the worst hit owing to the over extraction of water by industries and municipalities
leading to salt water intrusion into coastal aquifers. Mumbai may have to be partially
evacuated due to droughts (Yi-fan et al., 1996).

Groundwater and its Pollution
Groundwater is the underground water that is retained in subsoil and previous rocks

and mainly comes from the seepage of surface water. It is the part of the hydrological
cycle which begins with the water evaporating from the oceans and other water bodies
forming clouds which on cooling release water as rainfall. A very small amount of
rainwater percolates into the soil to become subsurface water. Some of the subsurface
water is taken by plants that lose excess water by transpiration through their leaves
(Zaki, 1986). A portion is evaporated directly and some the hygroscopic water resists
evaporation and is held by the soil. The balance of percolating water passes downwards
under the influence of gravity until it reaches an impervious stratum or aquiclude. It
then begins to move in lateral direction towards some outlet called zone of saturation
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and its water is called groundwater. The water bearing previous rock is called aquifer

(Bowman, 1990).

Groundwater may be brought to the surface by drilling into saturated rocks which are
just below the water table whose pores and cracks are completely filled with water and
pumping the water out (Kolpin et al., 1996). It is generally of good quality and apart
from disinfection it usually needs no treatment prior to distribution. It has low
development and distribution costs in comparison to the costs in developing water from
surface sources such as river, lakes, streams, pond etc.

Groundwater contamination is one of the major environmental problems in the country
(Enfield and Yates, 1990). Lack of awareness may have existed because groundwater
problems are not readily detected and pathways for contamination are not as noticeable as
those affecting surface water (Boesten, 1991). Although, it is more difficult to pollute
groundwater than the surface water because the soil can either stop the pollutant reaching
the groundwater or help to reduce its concentration, many of our activities affect it
adversely (Mackay, 1988). Since it moves slowly (5-10 cm/day depending on the
gradient) and experiences limited dilution, once it is polluted even with a little toxic that
reaches the water level, it can remain as such for many years. Thus it is not at all
surprising if the groundwater of a place is more polluted than the surface water.
Moreover, contamination in groundwater is not only difficult to see but also difficult to
evaluate; collecting needed information is very taxing, requiring extensive resources and
expertise and is usually further complicated by the hydrologic setting. Pollution comes
from both natural and anthropogenic sources. The sources of toxic metals that can
potentially contaminate groundwater include industrial and municipal landfills, septic
tanks, mining, agricultural practices and midnight dumping.

Almost all groundwater investigations begin with similar objectives: To define the

magnitude and extent of contamination, and to forecast the fate of the pollution. Good,
sound chemical data are requisite for meeting these objectives (Cavalier et al., 1989).

The groundwater passing through soil dissolves various salts, minerals and chemicals
like pesticides causing a direct treat to the life of human beings and other organisms.
These substances may be the important components of the human environment. Some
of them may be either beneficial or toxic depending on their concentrations. The
mobilization of various toxics in an environment may be hazardous to human health
(Boesten, 1991).

Groundwater contamination by persistent organic chemicals in recent years have
emerged as a major environmental concern because of difficulty in evaluating their fate
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and ecotoxicological effects when these chemicals are present in groundwater,
remedial actions become extremely difficult and expensive (Barlas, 1997). Organic
leaching from agricultural fields is a single non-point source of contamination. Organic
contamination with respect to pesticides and polynuclear aromatic hydrocarbon have
been reported in groundwater of various Indian urban and rural areas (Hussela-
Viestola, 1996).

Water war is also suspected in Mathura. The Uttar Pradesh Government estabilised
Jal Nigam in 1980, so that every citizen gets enough pure water for drinking as well as
for domestic activities. Hand pumps were installed and then water was available in
abundance at the depth of 40-50 feet. By 1988, Geological Department had to intervene
because of the falling water table due to tubewells, borings and hand pumps installed in
the most of the districts of U.P. The boring installation is banned today in 90% blocks of
Mathura District because they have been declared dark blocks. All these areas including
Mathura city had water table at depths of 40-50 feet but now it is not less than 100 feet.
At some places, the table has gone upto 320 feet deep. Keeping in view the present
status of groundwater, rain harvesting and the construction of barrage at Mathura are
strongly recommended (Cavalier et al., 1991; Simonich and Hites, 1995).

Target Organisms and Man
Several types of invertebrates in the soil. Beetles are considered beneficial arthopods

in agricultural because they are natural enemies of cereal pests and they represent a
food source for species at other trophic levels (Mackay and Smith, 1990). Arthropods
and earthworms contribute with their burrowing activities to maintain soil fertility.
These organisms (non-target) as well as insect pests (target) can bioconcentrate COPs
from soils in these tissues due to their basic physiological similarities. This accumulation
limits the growth rate and maintains the population of most invertebrates (target and
non-target) at low densities. Also, it might imply a risk for many vertebrate species
feeding on these invertebrates. Furthermore, soil pollutants can be taken up by plants
by partitioning to the root and translocation to the plant through xylem that can be
passed through the food chains (via herbivores, omnivores and carnivores) to humans
(Ayas et al., 1997).
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AIM

The study aimed at the quantification of heavy metal contaminants in
groundwater and mineral water.

MATERIALS AND METHODS

Sample Collection
The present study covers the entire urban and suburban region of Mathura city. After

the initial survey of the city and nearby agricultural fields, 150 stations were selected for
groundwater samples. The sampling points included hand pumps, dug wells, bore wells,
jet pumps and submersibles at different depths in and near solid and sewage disposal
sites, 5 major drains and Yamuna banks/ghats. 100 stations were also fixed throughout
Mathura at major drains carrying mixed (domestic + commercial + industrial)
wastewaters. 10 brands of mineral water were also analyzed. The average values for all
the water samples are depicted in the thesis.

The sampling stations were classified occupation wise using stratified random
sampling techniques. The entire city was categorised into four broad areas as residential
areas (RA), commercial areas (CA), industrial areas (IA) and dumping areas (DA). The RA
were further classified as high income group (HIG), low income group (LIG), middle
income group (MIG) and slum areas (SA). All the sampling points were selected in such a
way as to be truly representative of realistic picture of the deterioration of groundwater
having influence of population as well as industrial and dumping activities.

The water and wastewater samples were collected from all over the sampling
stations usually in the morning hours of the day, i.e, between 8-11 a.m. The samples

were collected in 1-litre precleaned (with 50% HNO; and then thrice distilled water)
plastic bottles .

Precautions taken in Sample Collection

e Sampling bottles were thoroughly cleaned with 50 percent HNO, followed by
thrice washing with DW (to phase out the possibilities of contamination).
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e Distribution line or pump well was flushed for about 5 minutes to ensure a
representative sample.
e Before taking sample, the sample bottle was rinsed 3 times with the water
being collected.
e Most of the other parameters were analyzed within 24 h of the sample
collection.
Analytical Methods

The samples were analyzed in the laboratory as per standards methods (APHA,
1998). All reagents used were of AR grade. The total number of 160 water samples (150
groundwater and 10 mineral water samples) were collected in 1L precleaned polythene
bottles in the year of 2009-2010 as per standard methods mentioned in the APHA
(1998).

The water samples collected and immediately brought to laboratory and preserved
with the addition of 2 ml/I nitric acid in each samples to avoid precipitation of the
metals. These samples were concentrated and subjected to nitric acid digestion.
Selective heavy 8 metals (Zn, Cu, Ni, Fe, Mn, Cr, Pb and Cd) were determined by Atomic

Absorption Spectrophotometer (Parkin EImer Analyst 100).

RESULTS
Nickel (Ni2+)

The concentration of Nickel (Ni) ranged between 0.180 to 0.057 mg/l in groundwater
and nil to 0.033 mg/l in mineral water samples. In the latter case the concentration of
nickel was found well within permissible limit, 0.02 mg/l recommended by WHO for
drinking water. Here it is found out that nickel content were not detected in 10%
minneal water samples (1 samples out of 10). Most of water samples contained

nickel within permissible limit by CPCB of India (Table 2).
Iron (Fe3+)

The important source of iron in groundwater consists of the various geological stratus
through which it passes and is finally stored. It is present in all the soils granules, sand and
rocks. lron in waters may also be due to corrosion of iron pipes used in extraction of

groundwater. The iron content in overall samples ranged between 0.19-1.32 mg/l. The iron
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content was observed high in landfill and dumping areas probably due to leaching of the

surface activities. The iron content in most of the samples were not within the permissible
limit (i.e., 1.0 mg/l).

Table 1. Heavy metal content in ppm of groundwater and mineral water in Mathura
city during 2009 - 2010

Type of No. of Cr Mn Fe Ni Cu Zn Cd Pb
Samples Samples

Agricultural 12 0.16 0.27 0.78 0.109 | 0.060 0.175 0.0051 0.0072
" 10 0.14 0.24 0.69 0.100 | 0.054 0.162 0.0045 0.0061
" 10 0.04 0.01 0.19 0.048 | 0.020 0.086 0.0010 0.0024
" 10 0.09 0.13 0.47 0.083 | 0.041 0.133 0.0032 0.0043
Landfill 12 0.36 0.16 1.32 0.180 0.13 0.279 0.0103 0.0265
Dumping 10 0.31 0.58 1.20 0.163 | 0.094 0.254 0.0092 0.0214
" 5 0.33 0.54 1.26 0.172 0.099 0.263 0.0098 0.0231
" 10 0.29 0.49 1.14 0.155 | 0.090 0.248 0.0086 0.0198
Yamuna bank 5 0.05 0.04 0.24 0.057 0.027 0.094 0.0015 0.0029
" 5 0.06 0.07 0.32 0.066 | 0.032 0.102 0.0021 0.0034
" 12 0.07 0.10 0.37 0.075 | 0.036 0.121 0.0025 0.0037
" 5 0.10 0.17 0.54 0.087 0.046 0.146 0.0036 0.0049
" 12 0.12 0.21 0.63 0.093 | 0.050 0.153 0.0040 0.0055
Near by drain 5 0.18 0.31 0.85 0.117 0.065 0.188 0.0056 0.0084
" 5 0.20 0.35 0.90 0.123 | 0.071 0.195 0.0061 0.0093
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12 0.22 0.37 0.96 | 0.132 | 0.075 | 0.217 | 0.0067 0.0120
5 0.24 0.41 1.02 | 0.140 | 0.082 | 0.223 | 0.0073 0.0142
5 0.27 0.45 1.08 | 0.148 | 0.086 | 0.235 | 0.0079 0.0173
Mineral water 10 0.002 0.01 0.11 | 0.083 | 0.011 | 0.042 | 0.0001 0.0005

Copper (Cu2+)

Copper is an essential trace metal for human beings. The adult daily requirement is
about 2.0 mg. When present in excess (>1.5 mg/l), it may cause health related
problems.

In Mathura, copper concentrations were found in the range between 0.020-0.13
mg/l. Yamuna bank and dumping areas recorded chloride values between 0.027-0.050
mg/l and 0.090-0.099 mg/I respectively. The mean values for agricultural, dumping,
landfill, Yamuna bank and nearby drain were 0.0437, 0.0943, 0.13, 0.0382 and 0.0758
mg/| respectively. The higher value of copper was encountered at landfill. In all the
samples, the copper contents were quite below to its prescribed limit.

Cadmium (Cd2+)

Cadmium is highly toxic and responsible for several cases of poisoning through food.
Cadmium may cause adverse changes in the arteries of human kidneys, even if, it is
present in trace amount. It was observed that iron content in all samples were within the
permissible limit. Cadmium concentrations were found in the range between 0.001-
0.0103 mg/l. Its mean values for agricultural, dumping, landfill, Yamuna bank and
nearby drain were 0.00345, 0.0092, 0.0103, 0.00214 and 0.00672 mg/l respectively.
While in landfill the concentration was 0.0103 mg/l, in dumping areas ranged between

0.0086-0.0092 mg/l and in Yamuna bank was ranged between 0.0015-0.0040 mg/I. In the
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samples of landfill area, the cadmium contents were higher than the prescribed limit

set by regulatory agencies. The cause of high concentration of carcinogenic species may

be the seepage from industrial effluents, drains and through river.

Zinc (Zn2+)

Zinc is an essential element for both animal and humans and is responsible for proper
functioning of various enzymes such as alkaline phosphatase, carbonic anhydrase, alcohol
dehydrogenase etc. However, concentrations above 5 mg/l cause bitter taste and
malfunctioning of the enzymes. In the present investigation, the zinc contents varied 0.086-
0.279 mg/l. Yamuna bank and dumping areas recorded zinc values between 0.0094-0.153
mg/l and 0.248-0.263 mg/| respectively. The mean values for five i.e., mean values for
agricultural, dumping, landfill, Yamuna bank and nearby drain were 0.139, 0.255, 0.279,
0.1232 and 0.211 mg/I respectively. The higher value of zinc was encountered at landfill. It
was observed that zinc content in all samples were well within the permissible limit. So, the
Mathura groundwater was good with respect to zinc content.

Chromium (Cr6+)

Chromium occurs in two forms one is trivalent and other one is hexavalent. Trivalent
form is essential for humans, while hexavalent form causes cancer and toxic effects to
humans.

Chromium concentrations were found in the range between 0.04-0.36 mg/I. Its mean
values for agricultural, dumping, landfill, Yamuna bank and nearby drain were 0.1075,
0.31, 0.36, 0.08 and 0.22 mg/I respectively. While in landfill the concentration was 0.36
mg/I, in dumping areas ranged between 0.29-0.33 mg/l and in Yamuna bank was ranged
between 0.05-0.12 mg/l. The groundwater was found more polluted at dumping and
landfill areas. The causes of chromium were the wastes at dumping sites, the effluents
from tanneries, electroplating units, paints and dyes, explosives and paper industries
which seep down and contaminate the groundwater. The above results showed that the
water of places having chromium more than 0.05 mg/I should be considered toxic.
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Lead (Pb2+)

Lead in environment exists almost entirely in the organic form but small amount of
lead results from leaded gasoline and from natural alkylation process that produces lead
compounds. Throughout the study, lead concentration ranged between 0.0024 mg/l to
0.0265 mg/l. Mean values for agricultural, dumping, landfill, Yamuna bank and nearby
drain were 0.005, 0.0214, 0.0265, 0.00408 and 0.01224 mg/l respectively. The

groundwater of dumping as well as landfill were highly affected with lead.

Manganese (Mn2+)

Although it is a non-toxic metal, it imparts objectionable and tenacious stains to
laundry and plumbing fixtures. It occurs in domestic wastewaters, industrial effluents
and receiving streams from where it seeps into groundwater.

In present study, manganese contents were found in the range between 0.01-0.58
mg/I. Yamuna bank and dumping areas recorded between 0.04-0.21 mg/l and 0.49-0.58
mg/I respectively. The mean values for five i.e., agricultural, landfill, dumping, Yamuna
bank and nearby drain 0.1625, 0.62, 0.5366, 0.118 and 0.378 mg/I respectively. The
higher value of manganese was encountered at dumping area. In all the samples, the
manganese contents were quite below to the prescribed limit except in landfill and
dumping sites.

Table 2 presents Indian Standards for drinking water. The results obtained above
indicate a considerable contamination of groundwater and mineral water with heavy
metals.
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Table 3. Indian Standards for drinking water

ijerial Parameters Unit Desirable Permissible Undesirable effect outside
0. .
limit [DL] limit [PL] the
desirable limit and remarks
Physical
= t. Above 5, consumer acceptance
roperties 5 25 decreases. May be extended

1 Colour Hazen to 50 if no toxics are suspected

' and alternative sources are
absent.

2. Odour _ Unobjectable Unobjectable (a) Test cold and when heated
(b) Test at several dilutions

3. Taste _ Agreeable Agreeable Test to be conducted only after
safety has been established.

4. Tu rbidity Nephelometric 5 10 Above 5, consumer acceptance

Turbidity Unit decreases. May be extended
[NTU] upto 25 in the absence of
alternative sources.

5. pH value No Unit 6.5-8.5 6.5-8.5 Beyond DL the water will affect
the mucous membrane and/or
water supply system. May be
relaxed upto 9.2 if alternate
sources are absent.

6. | Suspended solids ppm or 5.0 -

(SS) mg/I
7. | Total dissolved mg/I 500 2000 Beyond DL unpalatable and
. may cause gastrointestinal
solids (TDS) irritation. May be extended to
3000 if no alternate sources
are available.
Chemical
8. | Total acidity (TA) mg/I 4.2 314
9. | Total alkalinity (T. mg/| 200 600 Beyond DL taste becomes
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Alk.) unpleasent.

10. | Electrical conductivity | p-mhos/cm 300 400

(EC)

11. | Dissolved oxygen (DO) mg/I 6.0 4.0 For the best use DO should be
6 mg/l or more.

12. COD mg/| 4.0 6.0 High chemical oxygen demand
indicates high pollution.

13. | Chloride (asch mg/| 250 1000 | Beyond DL corrosive and
unpalatable.

14. Residual free mg/| 0.2 0.5 Applicable only when water is

. chlorinated. Relaxable upto 0.5
chlorine mg/l when protection against
viral infection is required.

15. | Total hardness (TH) mg/| 300 600 | Encrustation in water supply

(as CaC0s) structure and adverse effects
s on domestic use & heart
(a) Calcium ( as Ca) diseases.
mg/I 75 200 , .
Encrust. & Kidney stone with
(b) Mg (as Mg) 00,2
mg/| 30 100 ©
Encrust, cathartic and diuretic.

16. Fluoride (asF) mg/| 1.0 1.5 Mottling of teeth above DL and
skeletal fluorosis above MPL.
Excess F may cause respiratory
failure, low BP & paralysis.

17. | Nitrate (asnos) mg/I 45 100 Beyond DL
methaemoglobinemia  takes
place.

18. | Ammonia mg/I 1.2 NoO relaxation

10. mg/| 0.5 1.0 Eutrophication and kidney

PhOSph ate stone with Ca.
20. | Sulphate (ass0,*) mg/I 200 400 Beyond DL causes,

gastrointestinal irritation ~ when
Mg or Na are present.
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21.

Sodium and
Potassium

mg/I

200

Effect in metabolism.

22.

Boron

mg/I

1.0

5.0

23.

Aluminium

mg/I

0.03

0.20

Cumulative effect is reported
to cause dementia.

24,

Manganese

(as Mn)

mg/I

0.1

0.3

Taste/appearance are affected,
has adverse effects on
domestic uses & water supply
structures.

25.

[ron (as Fe)

mg/I

0.3

1.0

Unpalatable and has adverse
effect on domestic uses &
water supply structures and
promotes iron bacteria.

26.

Copper (as cu)

mg/I

0.05

1.5

Astrigent  taste, irritation of
the GI tract, discoloration &
corrosion of pipes, fittings and
utensils.

27.

Zinc (as Zn)

mg/I

5.0

15.0

Astringent taste & an
opalescencein  water.

28.

BOD

mg/I

4.0

6.0

Biological oxygen demand
below 3 mg/I or less is required
for the best use.

29.

Coliform cells

MPN

100

500

Water becomes pathogenic.
For the best use, total
coliforms should be 50 or less.
If more, boiled water is
advisable.

30.

E. coli

No./100

10

100

Water becomes pathogenic.

31.

Toxics

Chromium (as cr+)

mg/I

0.05

NO relaxation

To be tested when pollution
is suspected.

May be carcinogenic above DL.

32.

Cadmium (as Cd)

mg/I

0.01

NO relaxation

Damages kidney and causes
itai-itai in which bones become
fragile and muscles contracted
with deformation and pain.
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33. | Arsenic (as As) mg/I 0.05 NoO relaxation | ¢an cause skin lesions, loss of
hair, black foot disease, liver
cancer etc.

34. Selenium (as Se) mg/| 0.01 No relaxation Water becomes toxic.

; 7+ ¥ - -

35. | Mercury (as Hy) mg/| 0.001 NO relaxation | H9™ & RHg" are toxic to brain
and nerve. RHg" are highly
toxic and easily cross the
biological membranes  and
affect foetus.

36. | Lead (asPb) mg/I 0.05 No relaxation | Toxic to nervous, renal,
haemopoietic and digestive
systems.

37. Cyanide (as CN) mg/| 0.05 No relaxation It inhibits  oxidative
enzymes/ATP
production/O, use.

38. | Anionic surfactants (as mg/I 0.2 1.0 Beyond DL it causes a light

MABS) froth in water.

39. Phenolic compounds mg/| 0.001 0.002 It may cause objectable taste
& odour.

40. | Polynuclear aromatic mg/I - - May be carcinogenic.

hydrocarbons (as
PAH:S)

41. Pesticides mg/| Absent 0.001 CNS is the target of pesticides.
They kill organisms and
similarly damage our CNS.

42, Mineral oil mg/| 0.01 0.03 Beyond DL undesirable taste
and odour after chlorination
takes place.

43. Radioactivity : Higher levels do not imply that
water is unfit for human

Gross o activity Bo/I - 0.1 consumption. Detailed
radionuclide analysis is
Gross P activity Bg/I - 1.0 necessary.
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CONCLUSIONS
From the above studies, it is concluded that the quality of groundwater varied from

place to place. Mineral water is comparatively less polluted than ground water.
However, the situation is not too worst but the higher concentrations of heavy metals in
some sampling stations indicate that without proper treatment groundwater is not
suitable for domestic applications.

It can be concluded from the study undertaken to find out the characteristics of
Mathura groundwater that the groundwater and some mineral waters of entire city is
not fit for drinking with respect to heavy metals. The groundwater of dumping areas and
few industrial areas is highly polluted, not only for humans but also for plants. Its Zn, Fe
and Cu contents are also much above their maximum permissible limit.

Analysis of lead in 10 bottled water samples showed that concentration of this
element in all of the samples with the exception of two with 12.66 + 0.68 pg/L were
below safe limit of 10.0 pg/L accepted by WHO. From the all experiment results
obtained, it could be concluded that there is no extensive nature of metal
contamination of mineral water samples consumed in the area interested.

The reason for high values of physicochemical parameters may well be ascribed to
hydrogeochemistry of the region, unscientific disposal of urban solid wastes, lack of
means for protecting groundwater etc. The state of affair is alarming because once the
groundwater sources get polluted, the effect may persist for decades or longer. The
reclamination of surface water is easier than that of groundwater. So, the necessary
action should be taken to protect groundwater from polluted water contamination and
other indirect affecting measures like dumping sites, drains, ponds at sewage treatment
plant etc. Rain water harvesting to recharge groundwater is strongly recommended.

The problem of metal contamination of drinking water is complex, dynamic and
expensive to resolve. Solutions must therefore address issues over both short and

longer timescales and involve co-operation between all interested parties. It is our
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experience that a constructive approach can be developed, but this requires

sustained effort on all sides with the water utility tending to act as the prime focus for
co-ordination. Nevertheless success is unlikely to be achieved by voluntary action alone
and therefore a clear framework of statutory control needs to be established within
which the needs of both crop protection and water protection can be recognised. In the
longer term it is reasonable to assume that a more sophisticated and carefully
controlled approach to pesticide use could dramatically reduce the incidence of raw
water contamination by pesticides. However, while this should be the prime objective,
there may be circumstances when this is not technically or economically practicable, in
which case some modest degree of water treatment may still be required.
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INTRODUCTION

The effect of heavy metal contamination of fruits and vegetables cannot be
underestimated as these foodstuffs are important components of human diet. Fruits
and vegetables are rich sources of vitamins, minerals and fibers and also have
beneficial antioxidative effects. However, the intake of heavy metal-contaminated
fruits and vegetables may pose a risk to human health. Hence the heavy metal
contamination of food is one of the most important aspects of food quality
assurance (Elbagermi et al., 2012). Heavy metals, in general, are not biodegradable,
have long biological half-lives, and have the potential for accumulation in different
body organs, leading to unwanted side effects. Plants take up heavy metals by
absorbing them from airborne deposits on the parts of the plants exposed to the air
from the polluted environments as well as from contaminated soils through root
systems. Also, the heavy metal contamination of fruits and vegetables may occur
due to their irrigation with contaminated water.

Dietary intake of metals via vegetables is an important issue owing to food
quality and safety. Metals can only change their chemical form. They cannot be
degraded or destroyed. Vegetables are exposed to heavy metals either by absorbing
them from contaminated soil as well as from deposits on parts of the plants
exposed to the polluted air. Excessive and long term intake of metals via

vegetables can cause serious health risk to consumers (Dzomba et al., 2012; Rao et
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al., 2011). Heavy metals can cause diseases related to cardiovascular, kidney,

bone etc., and are also implicated in causing carcinogenesis, mutagenesis and
teratogenesis (Harmanescu et al., 2010; WHO, 1992; Steenland and Boffetta, 2000;
Jarup, 2003; Oskarsson et al., 2004). Keeping in view of the potential toxicity,
non-degradable nature and cumulative behavior as well as the consumption of
vegetables, it is prerequisite to test and analyze these vegetables to ensure that the
levels of metals meet the agreed international requirements. In the last two
decades, Mathura has expanded a lot in terms of industrialization and urbanization
in Uttar Pradesh, India. Thus, food safety issue becomes a matter of concern in
rapidly urbanizing region.
OBJECTIVES

The objectives were to:
(1) determine the level of nine heavy metals (copper, chromium, lead, cadmium,
zinc, manganese, nickel, iron and cobalt) in the selected vegetables sold in the
local markets of Mathura city, India
(2) compare the metals concentrations with the recommended limits and
(3) evaluate the health risk associated with metals contaminations in the

vegetables.

MATERIALS AND METHODS
Vegetable samples were collected from the local markets in the Mathura city.

They included: spinach (Spinacea oleraceae L.), carrot (Daucas carota L.), mustard
(Brassica campestris L.), turnip (Brassica rapa L.), radish (Raphanus sativus L.),
potato (Solanum tuberosum L.), cauliflower (Brassica oleracea L.) and beet (Beta
vulgaris L.). They were washed in fresh running water to eliminate dust, dirt,
possible parasites or their eggs and then were again washed with deionized water

and oven-dried at 90°C for 24 h. They were digested by following the method
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described by Allen et al. (1986). In brief, one gram of vegetable samples was

digested (wet acid digestion) with 15 ml of concentrated HNO3, H,SO,4, and HCIO,
in 5:1:1 ratio at 80°C until a transparent solution was obtained (Derbie and
Chandravanshi, 2010; Diacono, 2011; Sinha et al., 2006). Metals were determined
using atomic absorption spectrometry (Perkin EImer AAnalyst 100). Wavelengths
for Cu, Cr, Pb, Cd, Zn, Mn, Fe, Ni and Co were 324.8, 357.9, 217.0, 228.8, 213.9,
279.5, 248.3, 232.0 and 240.7 nm, respectively. The detection limits of Cu, Cr, Pb,
Cd, Zn, Mn, Fe, Ni and Co were 0.006, 0.007, 0.0025, 0.005, 0.005, 0.003, 0.005,
0.0025, and 0.006 pg/mL, respectively. Recovery test was done by spiking with
varied amounts of standard solutions of the metals and recoveries obtained were in
the range of 92.5 %~107.6 %. The daily intake of metals (DIM) was determined by

the following equation:
DIM = [Cmetal] [K][Dintake]/Baverage weight
where Cretal, K, Dintake @00 Baverage weight represent the heavy metal concentration in

plant (mg/kg), conversion factor, daily intake of vegetables and average body
weight, respectively. The conversion factor used to convert fresh green vegetable
weight to dry weight was 0.085, as described by Rattan et al. (2005). The average
daily vegetable intakes for adults and children were considered to be 0.345 and
0.232 kg/person/day, respectively, while the average adult and child body weights
were considered to be 55.9 and 32.7 kg, respectively, as used in previous studies
(Ge, 1992; Wang et al., 2005). The health risk index (HRI) was calculated as

suggested by US EPA (2002):

HRI = DIM/RD
where DIM and R:D represent daily intake of metals and reference oral dose

respectively. Oral reference doses used for calculation were 0.04, 0.3, 0.001, 0.004,
0.02, 1.5, 0.06 and 0.14 mg/kg/day for Cu, Zn, Cd, Pb, Ni, Cr, Co and Mn,
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respectively (RAIS, 2003). The HRI < 1 indicates the exposed population to be

safe.

RESULTS AND DISCUSSIONS
The mean concentrations of metals (Cu, Cr, Pb, Cd, Zn, Mn, Fe, Ni, and Co) in

vegetables sampled from the local markets in Mathura are shown in Fig. 1. The
concentrations of metals were also compared with the safe limits for metals set by
FAO/WHO (2001) and Prevention of Food Adulteration (PFA) Act 1954
(Awasthi, 2000). Pb and Cd were above the recommended limit in all the
examined vegetables (Fig. 1). The relatively high Pb found in all vegetables could
be attributed to deposition from industrial and vehicle fume. Cd may have its
origin from contaminated irrigation water and atmospheric deposition. No
international standards or guidelines exist for Cr, Fe, Mn, Co or Ni. On comparing
Cr levels with Indian standards (Awasthi, 2000), it is observed that except for the
Turnip, all vegetables were within safe limits (Fig. 1) while Ni level exceeded the
limit in all examined vegetables (Fig. 1). Metals contaminations reported in
previous studies have been listed in Table 1. Cr and Ni levels in all the tested
vegetables in the present study exceeded those reported in the previous studies
(Song et al., 2009; Sharma et al., 2009; Parveen et al., 2003). Zn is essential to
neutralize the toxic effects of Cd. In this study, the highest quantity of Zn was
found in spinach (65.94 mg/kg). Further, Zn values exceeded the FAO/WHO
(2001) safe limit in spinach and Indian safe limit in radish (Fig. 1). To appraise the
health risk associated with heavy metal contamination of market vegetables in the
vicinity of Mathura industrial area, DIM and HRI were calculated. The DIM for
Cu, Cr, Pb, Cd, Zn, Mn, Fe, Ni and Co ranged from 0.0003 to 0.0051, 0.0004 to
0.011, 0.001 to 0.024, 0.001 to 0.003, 0.015 to 0.035, 0.003 to 0.039, 0.004 to
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0.084, 0.012 to 0.019 and 0.002 to 0.013 respectively for adults, and from

0.0003 to 0.006, 0.0004 to 0.0013, 0.001 to 0.028, 0.002 to 0.003, 0.017 to 0.039,
0.004 to 0.045, 0.005 to 0.097, 0.014 to 0.022 and 0.003 to 0.014 respectively for
children. HRI values for adult and children are shown in Tables 2 and 3. Overall
HRI ranged: 0.007-0.128 (Cu), 0.0002—0.008 (Cr), 0.362-6.115 (Pb), 1.327-2.901
(Cd), 0.05-0.115 (Zn), 0.025-0.277 (Mn), 0.015-0.282 (Fe), 0.62-0.959 (Ni) and
0.041 to 0.2114 (Co) in adults. In children HRI ranged from 0.008 to 0.147 (Cu),
0.0003 to 0.009 (Cr), 0.416-7.03 (Pb), 1.526-3.335 (Cd), 0.058-0.132 (Zn),
0.029-0.319 (Mn), 0.017-0.324 (Fe), 0.707-1.1 (Ni), and 0.047-0.243 (Co). DIM
and HRI values indicated that the intake of Pb and Cd contaminated vegetables can
pose serious health threat to the local consumers. Mapanda et al. (2007) also
reported potential health risk due to Cd intake via leafy vegetables, in Harare,
Zimbabwe. Singh et al. (2010) also reported potential health risk due to Pb, Cd
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Fig. 1 Mean concentrations of metals (mg/kg dry wt.) in the market vegetables

Enpro Journal, Volume 3, Number 1, January 2013 WWW.IPENPIo.org



33

Table 1 Metals reported in vegetables in literature data of similar studies in the
world (mg/kg dry wt.)

Vegetables Cu Cr Pb Cd Zn Ni  |References
Spinach, Egypt 45 - 034 011 2089 ?2%%‘(’3")&” and  Salama
Spinach, India  |27.6 - 1.44 1.96 57.56 - Sharma et al. (2009)
Spinach, China 0.7 0.0890.031 0.018 |2.99 0.07 |Song et al. (2009)
Carrot, Egypt |15 -  (0.18 0.01  18.03 - ?2%%‘('3")&” and Salama
. 0.53- 0.003- 0.14- 3.229-
Carrot, China 0.8 - 0.004 0.15 5127 Zheng et al. (2007)
Radish, China  0.34 0.0310.074 0.012 248 0.07 |Song et al. (2009)
Potato, Egypt  0.83 -  0.08 002 7.1 - ?2%%‘(’3")&” and Salama
Potato, Pakistan |0.10  |0.15 |0.16 0.08 - 0.8 Parveen et al. (2003)
Potato, China 1.03 |0.029|0.067 0.015 3.77 0.054 Song et al. (2009)
Caulflower, 3572 156 257 6363 -  Sharmaetal. (2009)
gﬁ‘iﬂg'o""er’ 06 002 003 0014 [5.45 0.68 |Song et al. (2009)

Table 2. Estimated HRI for adults via consumption of vegetables

Vegetables Cu |Cr Pb Cd Zn Mn Fe [Ni |Co

Spinach 0.124 0.002 6.115 |2.019/0.115 |0.277 |0.026 0.959 0.118

Carrot 0.0330.0002 |3.235 |2.901 0.050 |0.059 |0.2750.794 0.075

Mustard 0.0930.0021 5.997 |2.4390.0768 0.113 0.031/0.912 0.144

Turnip 0.015 0.008 |4.358 |1.327|0.053 |0.114 |0.2820.763 0.0676

Radish 0.102 0.0008 5.169 |2.817|0.103 0.0413|0.0370.783 0.041

Potato 0.128 0.0019 5.403 |2.633|0.05110.025 |0.0200.62 0.125
Cauliflower |0.106 0.0024 |0.362 |1.962 |0.0551 0.053 0.015/0.615(0.2114

Beet 0.007 0.0026 /0.8433 |2.292 |0.066 0.056 0.2480.618 0.1064

Table 3 Estimated HRI for children via consumption of vegetables
Vegetables Cu Cr Pb Cd |Zn Mn Fe Ni  |Co
Spinach 0.142 0.0023 7.03 |2.322|0.132 |0.319/0.0304 1.10 |0.136
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Vegetables Cu Cr Pb |Cd |Zn Mn |Fe Ni  Co

Carrot 0.038 |0.00033.72 |3.3350.058 |0.067 0.316 0.913|0.086
Mustard 0.106 |0.0024 6.89 2.804 0.0883/0.1290.0358 1.05 |0.1651
Turnip 0.017 |0.009 |5.009 1.526 0.06090.1310.3238 0.877|0.077
Radish 0.117 |0.0009 |5.94 |3.238 0.1184/0.047 0.0432 0.90 |0.047
Potato 0.147 10.0022 |6.211 3.027 0.0588 |0.029 0.0234 0.713 |0.143
Cauliflower |0.1223 |0.0028 |0.416 2.255/0.0634 |0.061 |0.0169 0.707 |0.243
Beet 0.008 |0.0029|0.969 2.635 0.0758 |0.064 0.2856 0.710 |0.122

and Ni contamination in locally produced vegetables in Varanasi, India.
Regular monitoring of metals in vegetables and other food items should be
performed and appropriate safety measures should be taken at the time of
transportation, storage and marketing of vegetables. In addition, the source of
vegetables should also be monitored and suitable measures should be taken to
deal with the contamination.

CONCLUSIONS

Concentrations of metals were determined in market vegetables of Mathura City
in India. The average concentrations of metals (mg/kg dry wt.) in vegetables
ranged from 0.57 t0 9.77, 0.72 to 22.17, 2.76 t0 46.63, 2.53 t0 5.53, 28.87 t0 65.94,
6.77 to 74.1, 8.43 to 161.1, 23.46 to 36.55 and 4.74 to 24.18 for Cu, Cr, Pb, Cd,
Zn, Mn, Fe, Ni and Co, respectively. Pb, Cd and Ni were above the recommended
limit in all the examined vegetables.

The daily intake of metals (DIM) was determined by the following equation:

DIM = [Cmetal] [K][Dintake]/Baverage weight
where Cretat, K, Dintake @Nd Bayerage weight represent the heavy metal concentration in plant

(mg/kg), conversion factor, daily intake of vegetables and average body weight
respectively. The conversion factor used to convert fresh green vegetable weight to dry

weight was 0.085. The average daily vegetable intakes for adults and children were
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considered to be 0.345 and 0.232 kg/person/day respectively, while the average adult

and child body weights were considered to be 55.9 and 32.7 kg respectively. The
health risk index (HRI) was calculated as:

HRI = DIM/RD
where DIM and R:D represent daily intake of metals and reference oral dose
respectively. Oral reference doses used for calculation were 0.04, 0.3, 0.001, 0.004,
0.02, 1.5, 0.06 and 0.14 mg/kg/day for Cu, Zn, Cd, Pb, Ni, Cr, Co and Mn,
respectively. The HRI < 1 indicates the exposed population to be safe.

DIM and HRI values indicated that the intake of Pb and Cd contaminated
vegetables can pose serious health threat to the local consumers. Based on HRI
values the health threat of individual vegetables for Pb was of the order:
Spinach > Mustard > Potato > Radish > Turnip > Carrot > Beet > Cauliflower and for Cd it
was: Carrot > Radish > Potato > Mustard > Beet > Spinach > Cauliflower > Turnip. Regular
monitoring of metals in vegetables and other food items should be performed and
appropriate safety measures should be taken at the time of transportation, storage
and marketing of vegetables. In addition, the source of vegetables should also be

monitored and suitable measures should be taken to deal with the contamination.
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INTRODUCTION

The industrial processes of extraction and distribution of mineral resources which
undergo synthetic changes yield chemicals such as heavy metals that have an atomic
weight and density almost five times that of water. The pollution of soil, atmosphere,
underground and surface water with effluents of such industrial activities inevitably results in
chemicals finding their way into our food chain and consequently into our foods and
beverages. The presence of heavy metals in beverages or soft drinks has been
documented in a number of worldwide studies. A recent study of beverages produced in
Poland detected increased heavy metal content in fruit juice samples (Krejpcio et al.,
2005). This study highlighted the fact that beverages are rarely free from heavy metal
contamination regardless of the environment they are produced. In particular, foodstuffs
produced in regions suffering from high levels of pollution and environmental problems such
as Nigeria, are thought to be more prone to violating guideline values of the permissible
amounts of heavy metals in locally produced products. The recent proliferation of a number
of different brands of Nigerian beverages has also necessitated the study of the extent of
heavy metal contamination of these products.

Heavy metals such as mercury (Hg), antimony (Sb) and tin (Sn) are known to have toxic
effects when administered acutely and chronically to laboratory animals. Although studies of
heavy metal contamination in beverages have shown that concentrations are generally too
low to cause any immediate toxic effects, chronic exposure has the potential to cause
severe adverse effects to human health.
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Antimony a suspected carcinogen with unknown biological function and effects on
long term exposure is used as a catalyst in the production of polyethylene terephthalate
(PET) plastics, with many applications including its use in the packaging of beverages and
foodstuffs (Hansen et al., 2010). Low doses of antimony is known to cause headaches,

dizziness and depression, but in larger doses can cause violent and frequent vomiting.

Food and water are the main sources of mercury in non-occupationally exposed
populations. According to Galal-Gorchev (1991), the average daily intake of mercury from
food and water ranges from 2-20 yg. Acute administration of mercury was found to induce
severe vacuolation of the renal tubular epithelium and nephropathy in the kidneys
(Carmignani et al., 1989) and caused a decrease in seminiferous tubule diameter,
spermatogenic cell counts and leydig's cell nuclear diameter in the male reproductive
structure (Lamperti and Printz, 1973). A study carried out by the WHO (1990), found
mercury to be a neurotoxin particularly affecting the developing brain and causing mental
retardation to the unborn foetus due to its ability to cross the placenta.

Tin was found to cause testicular degeneration in rats at a dose of 10 mg/kg daily for 13
weeks (de Groot et al.,, 1973) and was carcinogenic at doses of about 0.2000 mg in
B6C3F1 mice with increased incidence of hepatocellular adenomas (ATSDR, 2003). Higher
concentrations of tin are typically found in canned foodstuffs as a result of dissolution of the
tin coating or tin plate, the levels depending largely on the type and acidity of the food, the
presence of oxidants, the duration and temperature of storage and the presence of air in the
can headspace (Vannoort et al., 2000).

Several studies of Nigerian soft drinks and juice drinks (Orisakwe et al., 2009;
Maduabuchi et al., 2008), dairy drinks and drinking water (Orisakwe et al., 2006) have
detected the presence of trace quantities of heavy metals that have exceeded the maximum
contaminant levels (MCL) recommended by the United States Environmental Protection
Agency (USEPA), European Union (EU) and World Health Organization (WHO).

A recent renowned study of the concentration of antimony in 42
commercial juices (Hansen et al., 2010), found eight of the products to have antimony

concentrations that were up by a factor of 2.7 above the EU limit for drinking water. Studies
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of mercury and tin in various foodstuffs have also indicated the presence of these heavy

metals in excess of safety limits.

Many studies to date have described environmental exposure of humans to heavy
metals in African populations, but little is known about the exposure to heavy metal toxins
from processed or unprocessed foods consumed in Africa. No data currently exists on the
concentrations of antimony, tin and mercury in Nigerian beverages and findings from

studies conducted worldwide are varied.

This study determined the concentrations of antimony, tin and mercury in a number of
commonly sold and consumed beverages in Nigeria and assessed the extent of the
violation of recommended limits set by the USEPA, EU and WHO guidelines.

MATERIALS AND METHODS
50 different samples of beverages or soft drinks were utilized in the study including dairy

drinks, soft drinks, water and various types of juice drinks such as fresh juice, juice
concentrates and mixed fruit juices, which were purchased in May 2010 in Mathura City.
The samples chosen were considered to be a fair representation of the beverages available
in the Mathura market, with the minor exception of a few products that were newly
introduced to the market such as energy drinks.

The samples were prepared for analysis by hydrolysing 20 ml of the beverage with 10 ml
of hydrochloric acid (HCI) and 20 ml water (H20). The hyrdrolyzed samples were well
shaken and transferred to a centrifuge tube for centrifugation at the rate of 3000 rpm to
remove solid particles. The resulting homogenised samples were thoroughly mixed before
sub-samples were taken for analysis to ensure homogeneity of the mixture. The presence
of antimony and tin were analysed in samples using the Perkin Elmer Atomic Absorption
Spectrophotometer (AAS) Model AAnalyst 100, employing an air-acetylene oxidizing
(lean, blue) flame at the recommended wavelength of 217 nm and a nitrous-oxide-acetylene
reducing (rich red) flame of wavelength 286.3 nm for antimony and tin respectively.
Determining the presence of tin and antimony in dairy drinks involved precipitation of the
milk proteins including casein by adding trichloroacetic acid (TCA) to the samples. All other
determinations were carried out in malt drinks, soft drinks, energy drinks and the table
waters by the direct aspiration method.
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Mercury was determined by the cold vapour technique after reduction with stannous

chloride (SnCl,) in order to release the mercury in the sample solution. Precaution was
taken at all times due to the toxic nature of mercury. A stock standard solution was
prepared by dissolving 1.08 g of mercury(ll) oxide, in a minimum volume of 1:1 HCI and
diluted to 1 litre with de-ionised water. This solution was then analysed by the AAS using an
air-acetylene, oxidizing (lean, blue) flame at a wavelength of 253.7 nm.

The concentration of the contaminant was calculated using the arithmetic mean
according to Parkhurst (1998), by multiplying the amount of the chemical element/volume
of the sample beverage. The volume of one and a half litres was assumed in the
calculations of the concentration of antimony, tin and mercury, as it was considered the

average intake volume for adults.

Appropriate quality procedures and precautions were carried out to assure the reliability
of the results. Reagents used to calibrate the instrumentation were of analytical grades. A
spike-and-recovery analysis was performed to assess the accuracy of the analytical
techniques used. Post-analysed samples were spiked and homogenized with varying
amounts of the standard solutions of the different metals. The spiked samples were then
processed for the analysis by the dry ashing method.

RESULTS
The results of the analysed samples were grouped into three subgroups: fruit juices and

soft drinks, dairy drinks and bottled waters as shown in Table 1. The group with the highest
and broadest concentration ranges of the heavy metals studied were of the fruit juices and
soft drinks group.

The results of the analyses of mercury, tin and antimony in 20 fruit juice and soft drink
samples are shown in Table 1. Tin had the highest concentration recorded amongst all the
heavy metals analysed. The concentration range of tin within the fruit juices and soft drinks
such as Coca-cola, Pepsi, Fanta orange, Tango, Sprite, Dew, Seven up etc. was in the range
0.97 - 6.33 pg/L which represented a mean concentration of 3.70%0.22 ug/L. Both mercury
and antimony were also of the highest concentrations recorded within the fruit juice and soft
drinks group. Mercury ranged from 0.61- 6.04 ug/L, giving a mean concentration of 2.35
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=+0.25 pg/L and antimony ranged between 0.21 - 1.86 ug/L with a mean concentration

of 0.49 = 0.05 pg/L.

Table 1. Metal concentrations in different types of drinks

Drinks No. of Mercury concentration Tin concentration (ng/g) | Antimony

analysed samples | (ng/g) concentration (ug/g)
Type n Range Mean Range Mean | Range Mean

Fruit juice 20 0.61-6.04 2.35 0.97 -6.33 3.88 | 0.22-1.86 | 0.50

and soft

drinks

Dairy 20 1.44 -4.88 2.93 1.69 -6.17 3.60 |0.28-1.35 |0.49

drinks

Bottled 20 0.91-0.94 0.94 3.66 -5.25 434 | 0.37-0.55 |0.48

water

Table 1 shows the levels of mercury, tin and antimony detected in 20 dairy drinks.
Amongst all the beverage samples, mercury was calculated as having the highest mean

concentration of 2.93 #0.34 ug/L, owing to the lesser variation of concentrations detected,

1.44 - 4.88 pg/L. The mean concentration of tin was the lowest detected within this group
and levels of antimony recorded were similar to that of the fruit juices and soft drinks group.

In the bottled water sample group tin had a narrower range of concentrations recorded,
however the mean concentration calculated for tin was the highest of all the beverage
samples. The mean concentration of 4.34 ug/L was detected for tin, while conversely the
mean values of mercury and antimony were the lowest recorded amongst all the samples,

as shown in Table 1.

On comparison of the levels of the three heavy metals in the fruit juices and soft drinks,
dairy drinks and bottled water samples with standards set by the WHO, USEPA and EU, the
dairy drinks group were found in most violation of mercury 100%, 100% and 80% violating
the EU, WHO and USEPA guidelines respectively. Fruit juices and soft drinks were found
89.2%, 43.2%and 89.2% in violation of WHO, USEPA and EU permissible levels of mercury
respectively.
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Tin however was in most violation in the bottled water group with 100% of samples

violating the WHO permissible levels and 90% and 86.5% estimated violations within the
dairy drink and fruit juices and soft drink groups respectively. Antimony on the other hand
was found to be generally low in comparison to the other heavy metals detected, with none
of the samples violating the guideline values.

The "worst case scenario’ estimation of the intake of the heavy metals as a result of
consumption of beverages from each sample group, on an average weekly basis volume of
45 L (1.5 L of the three most contaminated beverage products) was 26.63.ug/L, 5.64 pg/L
and 17.79 pg/L respectively, as

DISCUSSION
On analysis of the levels of antimony, tin and mercury detected in the beverage samples,

it was found that the concentration of heavy metals varied considerably between each
sample group. Some samples were below the recommended safety limits, others within this
and some exceeding the threshold limits established by the European Union, World Health
Organization and the US Environmental Protection Agency guidelines.

The levels of antimony recorded in this study were found to be within the limits stipulated
by the WHO (20 pg/L), EU (5 pg/L) and USEPA (2 ug/L) for antimony in drinking water
(WHO, 2003; USEPA, 2011). These levels reported however, were much lower than the
antimony levels recorded in the study by Hansen et al. (2010), despite the beverage
samples similarly having been packed in PET containers. The different instrumentation
techniques may have accounted in part for the difference in antimony levels detected.

The intake estimates for antimony calculated using the arithmetic mean for a Nigerian
consuming one and half litres of beverages per week was 5:64 pg/L, which was found to be
in line with the World Health Organization recommended daily tolerable intake of antimony
at 6:0 yg/kgbw/day (Egan et al, 2002).

Alarmingly the mercury levels analysed in 100% of dairy drinks and 89.2% fruit juices
and soft drinks were found to violate both the WHO (1 ug/L), EU (1 pg/L) and USEPA (2
Mg/L) regulations (WHO, 2003; USEPA, 2011). These results are contrary to findings by
Cheung et al. (2008), who reported extremely low mercury concentrations in Nigerian
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beverages. Considering the daily intake of these beverages in particular dairy drinks by

children, young adults and pregnant women, it is feared that long-term exposure may pose
significant health risks.

Although fish and other seafood products have been documented as being the main
source of mercury in the diet (WHO, 1990), this has been disproved by our findings due to
the high levels of total mercury that were detected in both the dairy drinks group and fruit
juices and soft drink samples.

Although previous authors have recorded detectable concentrations of tin in beverages
such as tea, carbonates, fruit drinks, bottled water, herbal drinks and iced tea (MAFF UK
1998) these levels were all below 1 mg/kg and lower than the regulatory limit set by the
WHO The Tin in Food Regulations (1992) of 200 mg/kg. In this study however, the levels of
tin were found to violate 100%, 88.9% and 90% of bottled water samples, fruit juices and
soft drinks and dairy products respectively, exceeding the WHO (2 ug/L) regulation.

The present study has confirmed that contrary to common belief, beverages sold and
consumed in Nigeria are not free of contamination of the toxic heavy metals tin and
mercury. The values of tin and mercury detected were both found in severe violation of
WHO, USEPA and EU safety standards.

Possible routes that are believed to result in the contamination of beverages during the
production process include the use of contaminated water, poor assaying of raw materials,
poor hygiene, low quality packaging materials and inadequate storage conditions.

Imported beverages were also found to contain high levels of the contaminants, which
implies that heavy metals are yet to be regulated and consequently Nigeria has become a
dumping ground for beverages untested for these toxic heavy metals.
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CONCLUSION
There is currently little information on the concentration of heavy metals in different

drinks sold in Mathura markets. The study quantitatively determined the concentrations of
antimony (Sb), tin (Sn) and mercury (Hg) in 60 different beverage samples and evaluated
the extent of violation of guideline values. Analysis of the beverage samples for the
presence of Sb, Sn and Hg was carried out using an atomic absorption spectrophotometer
(AAS). The mean values detected for mercury, tin and antimony were 2.35, 3.88 and 0.50
Mg/l in fruit juices and soft drinks; 2.93, 3.60 and 0.49 pg/l in dairy drinks; 0.94, 4.34 and
0.48 pg/l in bottled water samples respectively. While antimony detected in all products was
below guideline values, mercury and tin were above the acceptable levels established by
the World Health Organization, United States Environmental Protection Agency and
European Union in most samples tested.

As the heavy metal content in beverages constitutes a significant source of exposure to
the general population, increased consumption of beverages unregulated for such
contaminants represents a worrying problem. Limited studies of the chronic effects of some
of these heavy metals warrants further investigation to determine blood concentrations of
highly susceptible population groups such as in children and pregnant women.

This study also calls for mandatory testing of heavy metals in beverages and food as a
way of monitoring the extent of violation of guideline values. Tighter regulation on the
composition of beverages locally produced and imported into India would help to greatly
reduce the extent of this problem.
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HEAVY METAL CONTAMINATION OF SPICES
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SPICES AND CONDIMENTS

Sattvic spices are mild spices including basil, cardamom, cinnamon, coriander, cumin,
fennel, fenugreek, fresh ginger and turmeric. Rajasic spices like black pepper and red pepper
are normally excluded, but are sometimes used in small amounts, both to clear channels
blocked by mucus and to counter tamas.

Poppy Seeds (Kashkash or Posta Dana)

Poppy is cultivated either for manufacture of opium or for seeds. The white seeds are very
small. 1000 seeds weigh only 0.25 to 0.5 g. Besides moisture and organics they contain 1.03-
1.45% or 1584 mg/100g Ca, 0.79-0.89% or 432 mg/100g P, 0.79-0.89% Fe, 29 mg/kg
Mn, 22.9 mg/kg Cu, 15.6 g/kg Mg and 130 mg/kg Zn. They are used as food and as a source of
fatty oil. They are utilized in breads, curries, sweets and confectionery.

Cumin Seeds (Jira, Zira or Safaid Zeera)

Cumin seeds are dried yellowish to greyish brown seeds of a small slender annual herb of
the coriander family. Besides moisture and organics they contain 7.7% mineral matter with
0.9% Ca, 0.45% P, 0.48% Fe, 0.16% Na & 2.1% K. Due to aromatic odour and nutritive value they
are used in all mixed spices and curry powders for flavouring soups, pickles and for seasoning
breads and cakes.

Caraway Seeds (Shia Jira or Siya Zeera)

This jira is better than the above jira but is more expensive. Besides moisture and organics it
contains 1.0% Ca, 0.11% P, 0.02% Na, 1.9% K and 0.09% Fe. Caraway has much sharper odour
than cumin. It is widely used as a spice for culinary purposes and for flavoring bread, biscuit,
cake and cheese.

Clove (Laumg, Lawangq)

Clove is an air dried unopened flower bud obtained from an evergreen straight trunked tree
that grows in Kerala and TN to height of 10-12 m. Besides moisture and organics it contains
0.7% Ca, 0.11% P, 0.01% Fe, 0.25% Na & 1.2% K. It is very aromatic, has a fine flavour and
imparts warming qualities. In all Indian houses it is used as a culinary spice.

Coriander (Dhania)

Coriander seeds contain moisture, many organics, 0.08% Ca, 0.006% Fe, 0.44% P, 0.02% Na
and 1.2% K.

Cardamom (Chhoti Elaichi)
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It is lesser cardamom, green cardamom or Malabar cardamom. Besides moisture and
organics it contains 0.3% Ca, 0.21% P, 0.01% Na, 1.2% K and 0.012% Fe. It is consumed for
chewing, flavouring and as a spice.

Fennel (Saurf)

The dried ripe fruit (seed) of fennel herb contains, besides moisture and organics, 1.3% Ca,
0.48% P, 0.01% Fe, 0.09% Na and 1.7% K. It has a fragrant odour and a pleasant aromatic taste.
So it is used as a mastiatory or for chewing alone or in pans.

Bishop’s Weed or Ajowan

Ajowan is an annual herb bearing greyish brown fruits (seeds) which are used as spice.
Besides moisture and organics it contains 1.42% Ca, 0.30% P and 14.6 mg/100 g Fe.
Curry Leaf (Kury Patta or Mitha Neem)

Curry leaf is the leaf of a small tree or shrub found almost throughout India. Besides
moisture and organics, it contains 810 mg/100 g Ca & 600 mg/100g P. It is used as food
flavourant and indigenous medicine.

Pomegranate Seed (Anardana)

Anardana comprises the dried seeds (dried with flesh) of pomegranate fruit. Besides
moisture and organics, it contains 10 mg/100 g Ca, 12 mg/100 g Mg, 70 mg/100 g P, 0.3 mg/100
g Fe, 0.9 mg/100 g Na, 133.0 mg/100 g K, 0.2 mg/100 g Cu and 12.0 mg/100 g S. It is mostly
used as a condiment for acidification of chutneys and certain curries as in case of tamarind and
amchur.

Mace (Japatri, Jaivitri) and Nutmeg (Jaiphal)

Mace and nutmeg are two distinctly different species produced from a single fruit of an
evergreen, aromatic nutmeg tree usually 9-12 metres high, but sometimes reaching a height of
20 metres or more. Mace is the dried reticulated aril of nutmeg. Nutmeg is the black shining
shell of the seed of the peach or apricot like fruit. Besides moisture and organics mace contains
0.18% Ca, 0.10% P and 12.6 mg/100g Fe. Nutmeg contains 0.12% Ca, 0.24% P and 4.6 mg/100g
Fe. Nutmeg and mace are used as condiment and in medicine. Mace is also chewed for masking
foul breadth.

Sesamum (Til)

Sesame or sesamom is a tropical herbaceous plant cultivated esp. in India for its small oval
seeds. Besides moisture and organics they contains 1450 mg/100g Ca, 570 mg/100g P and 10.5
mg/g Fe. They are used in flavouring bread and yielding an edible oil.

Neem Leaves

Neem (margosa) is a large tree of India, all parts of which are useful to man. The leaves act
as a natural pesticide, the fruit and seeds yield a medicinal oil, the bark is used to make a tonic,
and the trunk exudes a gum. The leaves contain 50 mg/100g Ca, 80 mg/100g P and 47.1
mg/100g Fe.

CURRY WORRIES - HIDDEN DANGERS IN INDIAN SPICES

Indian spices with poisonous additives have been in the news lately.

The recent ban on Indian chilli powder imports to the UK sent alarm bells ringing in Indian
kitchens across the world. That food adulteration exists is no surprise. From watered milk to
tales of wedding parties being poisoned by cooking oil, stories of adulteration have always been
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in the news. But the chilli powder fracas made the consumers realize that these dangers
were NOW more pervasive.
Killer Red

Turmeric and chilli powder, the two staples of every Indian kitchen, are the likely culprits.
Chilli powder is always suspect because the consumers’ preference for a deep red has led to its
being dyed with an extremely carcinogenic dye. Called Sudan 1, it has been linked with health
concerns, not least of which is the increased risk of cancer.
Deadly Yellow

Turmeric has an even more deadly secret. Lead chromate adds not only color and weight,
but the very real risk of lead poisoning. Even if this most toxic salt of lead is not the additive, it
could be metanil yellow which is less lethal but nevertheless harmful and illegal. The list goes
on, from Argemone seeds mixed with mustard causing paralysis and even death, to sawdust in
the coriander powder.
Back to Basics

How then do we enjoy our curry without the harmful effects? We can go back to basics: Get
whole spices and grind our own. We get the freshest flavors and aromas, but it takes time.
Go Organic

Another option is to go organic. The regulation imposed on the organic industry translates
into stringent packaging and purer products. The market for organic products is growing in
India. Organic products taste more authentic, but are costlier.
Some Rrules

Thankfully it is not hard to find a decent product at a decent price. The first rule of thumb is
not to buy unpackaged or “loose” items. Reliable companies have the FPO, ISl or Agmark seal of
approval. These are the most commonly used certifications and do give a third party check and
approval of the products. Packaging should also include packing and expiration dates. What we
lose in convenience and economy is the unique flavor of individually ground and mixed spices,
but at least the safety of our family is not compromised.

LEAD POISONING FROM SPICES
r:r:'l.'-_ ’ ; 4
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Most parents have already cleared their children's toy boxes of playthings containing lead-
laden plastics or paint. But according to a new study published in Pediatrics, the toxic heavy
metal may continue to lurk in other, less expected sources in the home — like in the kitchen
pantry (Park, 2010).

After several reports of lead poisoning in Indian children in the Boston area were linked to
consumption of Indian spices, researchers at Children's Hospital Boston and the Harvard School
of Public Health decided to measure the amount of lead in the seasonings as well as in
ceremonial powders commonly used to mark newborn Indian infants for religious and cultural
purposes.

The team visited 15 Indian specialty stores in the Boston area and purchased 71 cultural
powders and 86 spices and food products. About 25% of the food items including spices such as
cardamom, fenugreek and chili powder, contained more than 1 microgram of lead per gram of
product. About 65% of the ceremonial powders, including sindoor which is used as a symbol of
marriage, contained the same amount. Those levels are below the EU's acceptable threshold of
2 to 3 mcg/g of lead, but the study’s authors say that regardless of the amount, the presence of
lead in these products should be a reason for concern, since they could potentially add to
exposure from other sources of the neurotoxin in a child's environment. Three of the food
products the team tested exceeded the EU guidelines: two brands of sindav salt and one type
of sindaloo powder, or sea salt.

With repeated exposure at high enough levels, lead can cause cognitive damage and
behavioral changes in children. In most cases, lead poisoning can be treated by reducing the
child's exposure and by making sure he or she eats a balanced diet with sufficient iron, calcium
and vitamin C deficiencies in these can increase the body's absorption of lead. In extreme cases
of extended lead exposure, doctors use drugs called chelating agents which bind to the lead and
pull it out of the body through urine. In severe cases of prolonged poisoning, however, the
cognitive and developmental damage may be permanent, says Dr. Cristiane Lin, the study's lead
author, who is now at Seton Medical Center in Austin, Texas.

Studies have shown that a blood level of 10 mcg of lead per deciliter of blood is associated
with potentially irreversible harm, although recent studies have shown that as little as 5 mcg/dL
can also be dangerous. By extrapolating from their data, researchers estimated that if a
population of children under age 4 was routinely exposed to Indian spices or ceremonial
powders, the additional ingestion of lead would lead to a threefold increase — from 0.8% to
2.8% — in the %age of children with a blood level of lead over 10 mcg/dL. "Our message is to
say, Be aware of these products that may contain lead,” says Lin. "From a pediatrician's
perspective, it's good to push for screening of nonpaint sources of lead."

Although the majority of lead poisoning cases in the U.S., about two-thirds, occur when
young children lick or ingest lead-containing paint as it peels or chips off walls, the new study
reminds doctors and parents that they need to be aware of less obvious sources. Imported
products such as the ones studied by the Boston group are a particular problem, since
environmental standards around the world are not the same as they are in the US. In countries
like India, for example, leaded gasoline is still commonly used in cars (in the US it was replaced
by unleaded fuel in the 1970s), and the lead from car exhaust can seep into the ground,
saturating the soil in which food plants, including those that are dried and ground into spices,
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are grown. Such environmental exposure is the most likely source of lead in the products
they tested, say the authors.

Currently the Food and Drug Administration which oversees the safety of food products
imported into the U.S., does not have specific guidelines for screening lead in dried products like
spices. That is because the FDA feels there is no safe level of lead in dried products, since
studies have not yet established that lead exposure doesn't lead to adverse health effects.

The agency has different thresholds for acceptable lead levels depending on the product and
how it is to be used, says FDA spokesperson Ira Allen. For example, in 2006 the agency lowered
its acceptable level of lead in candy which children are likely to eat in large amounts. The FDA
also reaffirmed its position that paints used in candy labels should be entirely lead-free, or they
would be in violation of the Federal Food, Drug and Cosmetic Act. "We look at imports and we
look for lead and other elements,” says Allen. "But we do it on a targeted basis, and some of that
basis is how the product is intended to be used."

Since last spring, the agency has been reviewing its protocols for spices, to determine whether
the risk of contamination or exposure to elements such as lead from dried products imported
from overseas warrants more scrutiny. "We have extensive surveying of imported foods at major
ports,” says Allen. "Obviously we can't look at everything, but we do target inspection based on
where the food comes from and what the history of the product is, and we do ban certain
products.”

The levels of lead found in Indian spices and powders in the current study may not set off the
FDA's alarms, but, as Lin and her team note, it should alert pediatricians to diagnosing lead
poisoning and getting exposed youngsters into treatment sooner.

After paints, toys and pet food, now Indian spices and ceremonial powders have entered the
long list of sources where lead has been found. The recently published study in the journal
Pediatrics identified Indian spices and cultural powders as a more recent source of lead
poisoning. While the study is reported to have been undertaken after several reports of lead
poisoning in Indian children in Boston were found, experts and healthcare providers have also
seen cases of lead poisoning due to exposure to Indian spices and powders in California.

Julie Kurko, health services manager at Alameda County Lead Poisoning Prevention Program
said, “Though it is not a widespread problem we have seen such cases of lead poisoning every
few years and | think mostly the problem has been with turmeric.”

“CDPH (California Department of Public Health) has identified cases of lead poisoning
associated with lead contaminated spices including chili powder and turmeric,” said Dr Linda
Crebbin, chief of CDPH’s Care Management Section, Childhood Lead Poisoning Prevention
Branch. “California cases of lead poisoning from turmeric have occurred in adults, children and a
pregnant woman.” The U.S. Food and Drug Administration (FDA) has set the maximum
exposure limit for children at 6 micrograms per day (mcg/day) for children and 75 mcg/day for
adults.

Crebbin also pointed out that turmeric associated with all of the California cases was obtained
directly from India, Nepal and Bangladesh rather than being sold in local stores. Since they were
in unmarked bags, it was not possible to identify a manufacturer or a distributor.

Most experts noted that lead can penetrate into spices if they are grown in lead contaminated
soil or can be inadvertently added during the manufacturing or drying process or may be
intentionally added to add color or weight to the product. Some health care providers also
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observed that many of these products are brought into the United States when people go back
to their home countries or when their families come to visit them here.

Lead poisoning in children and adults may be completely asymptomatic, and most people
with lead poisoning do not look or act sick. But even lead levels which do not cause noticeable
symptoms can cause problems in infants and children such as decreased intelligence quotient
(1Q), learning difficulties and behavior problems. It can also cause problems such as kidney
disease and high blood pressure.

At higher blood lead levels, lead poisoning may cause symptoms such as abdominal pain,
nausea, tiredness, headaches, irritability, and at very high levels it can cause seizures, coma and
even death.

The only way to determine if someone has lead poisoning is by a blood lead test. Young
children are considered most at risk because of their hand to mouth activity. So, even if parents
are not directly applying these powders to children, they can be easily transferred to them.

“Powders with high amounts of lead are particularly hazardous because powders are easily
dispersed and transferred from hand to mouth, and they also have the potential to be inhaled,”
Crebbin said. “Since young children have increased hand to mouth behavior and they also absorb
more lead than adults from their gastrointestinal tract, they are at increased risk of lead
poisoning.”

Crebbin also noted that some of the yellow chalk/powders (reported to be made of rice and
turmeric) and Sindoor (orange or red colored powder used on forehead, scalps and face for
ceremonial purposes) that were tested by the state laboratory contained up to 94 % of lead.

Louis Girling, deputy health officer and medical director for Child Health and Disability
Prevention Program (CHDP) at Santa Clara County pointed to a case in which they recently
realized that a child was being poisoned with lead through Indian ceremonial powder that the
family was applying to his forehead and face. The child who is now three years old was picked
up at CHDP’s routine screening when he was under 1. CHDP is a preventive program that
delivers periodic health assessments and services to low-income children and youth in
California.

Girling explained that once a child is detected with elevated levels of lead the public nurse
would offer basic counsel to the family regarding common sources of lead exposure and would
also recommend foods rich in iron and calcium that can reduce lead absorption in the blood.
CHDP also informs California Children’s Services (CCS) if a child has higher lead levels.
According to Girling, the CCS can provide funds for a low-income group child to be treated by
the authorized medical specialists.

The State Childhood Lead Poisoning Prevention Branch (CLPPB) also geared at preventing
and eliminating lead poisoning notifies and works with the State Food and Drug Branch, the U.S.
FDA and the U.S. Consumer Product Safety Commission when it encounters previously
unrecognized sources of lead poisoning.

Crebbin said, “The state CLPPB also notifies all of the county Childhood Lead Poisoning
Prevention programs throughout the state. The environmental and other investigators in counties
throughout the state can then look for the products during investigations of lead poisoning cases
and also during inspections of restaurants, stores and flea markets.”

The Childhood Lead Poisoning Prevention Programs in different counties also undertake
outreach initiatives to consumers, stores, healthcare providers and merchants in their
jurisdictions. While there are many programs that can offer support for prevention or treatment
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of lead poisoning particularly for children, the FDA, the agency that oversees the safety of
foods imported to the United States, doesn’t have an established safe level of lead.

“The FDA will typically evaluate the potential health hazard regarding the lead in the product
based on the concentration, nature of consumption, the quantity consumed and the risk to
population who consumes the product,” Dr. Richard Jacobs a retired chemist who worked with
FDA for 47 years explained. “If the product poses a health hazard it can take regulatory action.
For some findings, for example where it is known that lead arsenate, a prohibited pesticide, was
used on food, the FDA could take action at a much lower level.”

FDA spokesperson Michael L. Herndon said that FDA is typically most concerned with
products that are consumed in large amount or have the potential to deliver a large accumulation
of lead in a short period of time.

Jacobs pointed out that though 1.00 ppm or less of lead in imported spices generally won’t
pose an excessive exposure and therefore would not be typically actionable, but in case of infants
action might be taken at levels far less than one ppm.

Sometimes lead may be found in packaging of spices and ceremonial powders. As part of our
investigation for this story, New America Media collected 22 samples of spices and ceremonial
powders of varying brands, purchased from three different stores in the Bay Area. The Center for
Environmental Health (CEH) tested the spices and Sindoor samples using an X-ray fluorescence
spectrometer, and could not find anything in the spices because the device could not detect lead
levels lower than three or four ppm. But Caroline Cox, research director at CEH, pointed out that
ink on the packets of one of the brands that was tested had a high level of lead content in it.

“The red parts of the Pooja brand package had quite high in lead upto 9,000 parts per million
as compared to the 100 ppm required by the Toxics in Packaging Law,” said Cox. “Since the ink
is on the outside of the package, | think the issue would be transfer to hands rather than transfer
to spices inside. | would suggest putting the spices in a container other than the original bag for
the Pooja spices and washing hands carefully after handling the bag.”

The FDA only regulates lead in packaging if it is contaminating food. Otherwise, says Jacobs,
it goes under the jurisdiction of the Consumer Product Safety Commission.

While the findings are not conclusive, experts recommended caution especially when it comes
to bulk spices and powders that come in unmarked packages. And if there are doubts, especially
where children are concerned, a blood test is not a bad idea.

Desi Products with High Lead Content

Fair is fair. Three years ago we blogged about how researchers discovered something desi
households have known for years, turmeric is good for your health. So when a study comes out
that turmeric may not necessarily be as good as advertised, we’re here to report on that. As it
turns out, the turmeric the previous researchers used was probably not bought in some (or, even
worse, all???) Indian grocery stores in the US.

Now, a study published today in the journal Pediatrics said young children who regularly
ingest some imported Indian spices may be exposed to lead — a dangerous neurotoxin. The
study, conducted from 2006 to 2008, followed patients from the Pediatric Environmental Health
Center at Children’s Hospital in Boston who had ingested or been exposed to Indian spices and
powders.

One 12-month-old boy in the case study was found to have lead poisoning after regularly
eating spices such as tumeric, black mustard seed and asafetida.
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Turmeric, mustard seeds and asafetida are not the only culprits here. Indian women
often use “sindoor” or “kumkum”. Whether it bestows their husbands with long lives is
debatable. What is scientifically proven is the potential for lead poisoning for women.

But of greater concern to researchers are religious powders like cherry-colored “sindoor” —
which is applied cosmetically on the skin and which Tilak also uses routinely in her home. Some
of these ritual powders comprise 47 to 64% lead, according to the study, and can be
particularly dangerous when applied on young children.

Bringing these two to a confluence, are the haldi kumkum ceremonies celebrated in
multitudes on Indian households across the US. If it turns out these products have that high
levels of lead as advertised, these ceremonies ultimately could very well turn to be annual lead
poisoning orgies.

Having said that, we have to point out that most of this is conjecture, and this study was
conducted in the Boston area. It is unknown if any of the products belonged to stores outside that
area or even within that area, for that matter. By law, food and cosmetic products imported into
the country have to be approved by the FDA. The FDA does not approve products with such a
high lead content, or any lead for that matter.

Turmeric is practically an everyday product in most South Asian households. How does this
news affect the way you view and use turmeric particularly for households with children? As for
some of our female readers, if we use “sindoor” or related products, does this affect anything or
will we continue using it? Or are we of the opinion that such studies are “alarmist”?

Imported Indian spices and Tests for Lead

Indian spices and ceremonial powders have entered the long list of sources where lead has
been found. The study in the journal Pediatrics identified Indian spices and cultural powders as a
more recent source of lead poisoning. You can read the original study or its abstract, "Pediatric
Lead Exposure From Imported Indian Spices and Cultural Powders."

Four cases of pediatric lead poisoning from Indian spices or cultural powders are described in
that study published in the journal Pediatrics. Chronic exposure to spices and cultural powders
may cause elevated BLLs. A majority of cultural products contained >1 pg/g lead, and some
sindoor contained extremely high bioaccessible lead levels. Clinicians should routinely screen
for exposure to these products.

The Pediatrics journal study is reported to have been undertaken after several reports of lead
poisoning in Indian children in Boston were found. How does lead get into the spices? Actually,
the lead can penetrate into spices if they are grown in lead contaminated soil or can be
inadvertently added during the manufacturing or drying process.

Also lead may be intentionally added to add color or weight to the product. Some health care
providers also observed that many of these products are brought into the United States when
people go back to their home countries or when their families come to visit them here. Many
people seeking to save money on the higher cost of organic turmeric at local health food stores
and food markets go to the ethnic grocery stores that import spices from India and other
countries and buy brands imported from other countries.

For example, many Indian grocery and ethnic food markets in Sacramento sell a wide variety
of turmeric and curry brands and blends. Labels usually are in English. And a huge bag of
turmeric is priced low compared to a small bottle of organic turmeric sold in supermarkets or
food stores in small spice bottles.
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How do we know what brands were tested for lead, even if we pay more money for a tiny
spice bottle of organic turmeric or if we buy capsules of cucurmin or turmeric in supplement
forms from various vitamin/supplement companies? How do we know who tested and measured
the spices for bioavailability, absorption, and lead or other toxic metal content that could have
come from the growing soil or added as a filler or a coloring agent?

Consumer Lab tested turmeric and curcumin for lead

The biggest problem with turmeric is that those tested had little curcuminoid compounds in
them. Curcumin is supposed to do the most good as far as the anti-inflammatory health benefits
are said to happen from consuming a small amount of curcumin, usually found in turmeric.

Supplements containing the herb turmeric or its key compound, curcumin, have become
popular in the U.S. ConsumerLab.com cautioned that two out of ten turmeric products recently
selected for quality testing were found to provide only 7.7% and 14.7%, respectively, of
expected curcuminoid compounds. Unlike some turmeric supplements tested in the past,
however, none of the recently tested products exceeded strict limits for lead and cadmium
contamination.

Turmeric has been shown to have anti-inflammatory and anti-
oxidant activities

Recent research has focused on curcuminoids, the specific compounds in turmeric including
curcumin which give turmeric its orange-yellow color. Studies suggest a role for curcuminoids in
the treatment of a range of diseases including ulcerative colitis, rheumatoid arthritis and chronic
anterior uveitis (an autoimmune disease of the eye), as well as for indigestion. According to
Nutrition Business Journal, sales of turmeric and curcumin supplements grew to $59 million in
2009, up from $43 million in 2008.

How do we know whether we're getting a product with curcumin in
the turmeric?

The products that failed Consumer Lab.com's testing would deliver only a small fraction of
the doses expected from their labels. The problem also is with the poor absorption of curcumin.
We would need specially formulated products that can show us how that product will be
absorbed. And testing needs to prove the bioavailability.

ConsumerLab.com calculated the cost to obtain a 500 mg dose of curcuminoids, which ranged
from 13 cents to 52 cents among products that passed testing, some of which included
bioavailability enhancers. For the two products that failed testing, the costs were $3.44 and
$7.88, due to the small amounts of curcuminoids that they actually contained.

TURMERIC

Turmeric (Curcuma longa) is a rhizomatous herbaceous perennial plant of the ginger
family, Zingiberaceae (Chan, 2009). It is native to tropical South Asia and needs temperatures
between 20°C and 30°C (68°F and 86°F) and a considerable amount of annual rainfall to thrive
(Materia Indica, 1826). Plants are gathered annually for their rhizomes, and propagated from
some of those rhizomes in the following season.

When not used fresh, the rhizomes are boiled for several hours and then dried in hot ovens,
after which they are ground into a deep orange-yellow powder commonly used as a spice in
curries and other South Asian and Middle Eastern cuisine, for dyeing, and to impart color to
mustard condiments. Its active ingredient is curcumin and it has a distinctly earthy, slightly
bitter, slightly hot peppery flavor and a mustardy smell.
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In medieval Europe, turmeric became known as Indian saffron since it was widely used
as an alternative to the far more expensive saffron spice.

Etymology

India and Pakistan are significant producers of turmeric (Tahira, 2010) which has regional
names based on language and country. The name appears to derive from the Latin, terra merita
(merited earth) or turmeryte, possibly related to saffron (Dictionary.com, 2012). As turmeric is a
natural botanical compound, it is not patentable.

Production and Trade

India is the biggest producer of turmeric, supplying 94% of the world's demand. It is
cultivated on a commercial scale and enters the market usually in the form of dried rhizomes
which are then prepared according to their end use. It is widely used in South Asia as a spice.

The main producing countries of turmeric include India, Pakistan and Bangladesh. India is the
biggest producer, supplying some 20,000 t each year. It enters the international market in the
form of dried whole rhizomes, or as ground rhizomes. The major importers of this spice are
Iran, Sri Lanka, Middle Eastern and North African countries.

It is cultivated commercially as an annual crop, by planting small rhizomes or pieces of
rhizome either on flat soil or in furrows between ridges. The growing plants require heavy
manuring to get the best yield possible.

Turmeric is ready for harvesting 7 to 10 months after planting, when the lower leaves turn
yellow. Harvesting is done by digging the rhizomes up. Leafy tops are then cut off and the roots
and adhering earth is removed. Rhizomes are then washed. Some of these are retained for
replanting as a future crop. The remainder are processed into turmeric.

To develop the yellow colour and characteristic aroma, cleaned rhizomes are cooked in
boiling water for one hour under slightly alkaline conditions. The cooked rhizomes are then
dried either artificially or in the sun for 6 to 8 days. Dried rhizomes are polished to smooth their
exterior and also to improve the colour. They are then sold in this form or ground into powder.
Indian Turmeric Powders

Indian turmeric powder is produced by grinding the properly cleaned, graded and polished
turmeric fingers. In the polishing process the upper layer of the turmeric fingers gets peeled off.
If turmeric fingers are ground as its is without any polish, black spots are visible in the powder
which are not there if the fingers are polished before grinding
Nizam Turmeric Powder

This quality is produced by grinding the cleaned and graded polished Nizam Turmeric
Powder / Nizam quality turmeric fingers. This quality is popularly known as Nizam Quality as is
largely grown in and around Nizambad area of Andra Pradesh state which is one of the leading
turmeric producing states in India. Nizam quality turmeric fingers when finely ground, gets
transformed into bright yellow shade powder which is a characteristic color of Nizam origin

turmeric.
Quality Parameters

Moisture

Fineness

Total ash content
Acid insoluble ash
Starch

Lead chromate test

Maximum 10%

98% passes through 80 mesh sieve

Maximum 7.0 %
Maximum 1.5%
Maximum 60%
Negative
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Sudan Dye L1111V Absent
Salmonella Absent in 25 g

Rajapuri Salem Turmeric Powder

Rajapuri Salem Turmeric Powder is considered to be the most premium quality which is
available in India. It is largely grown in Maharashtra state of India especially in and around
Sangli area. On grinding cleaned, graded and polished Rajapuri Salem turmeric finger we get a
saffron yellow shaded and a strong flavored turmeric powder which is a characteristic of this
quality. Its color and flavor makes it stand apart form all the other available qualities in India .1t
is the most preferred quality by all premium spices brands which sell in India .

Quality Parameters

Moisture Maximum 10%

Fineness 98% passes through 80 mesh sieve
Total ash content Maximum 7.0 %

Acid Insoluble Ash Maximum 1.5%

Starch Maximum 60%

Lead chromate test Negative

Sudan Dye LILILIV Absent

Salmonella Absent in 25 g

In the past we had some discussions about using the spice turmeric as
something that possibly had properties that might help achalasia. It
seems that because a lot of the spices come from India where they still
use leaded gas in their cars, the spices may have
too much lead in them, especially for children. Not a big deal for most
adults or those that just use them on occasion in a western diet. If you
eat a lot of foods with Indian spices such as turmeric and curry you may
want to consider the lead content of them. This would be most important
for anyone that is wusing these as supplements especially for children.
There are a lot of spices and herbs that come form areas that have lead
exposure. Something to consider, especially for our children.
Usage

Turmeric root has been used for centuries in India as a dye, spice and herbal remedy. The root
is dried and ground into a yellow-orange powder and is a common ingredient in curry and other
Asian dishes. The main medicinal compound in turmeric is curcumin which is a powerful
antioxidant, antibacterial and anti-inflammatory, according to the “Natural Standard Herb &
Supplement Reference: Evidence-based Clinical Reviews.” Turmeric powder and curcumin
extract are used to treat heartburn, stomach upset and a variety of gastrointestinal complaints.
Acid reflux disease, or chronic heartburn, is a significant cause of esophageal strictures, so
turmeric might help reduce the risk. Furthermore, turmeric is a good anti-inflammatory that
reduces antioxidants, deters infection and promotes healing, which are potentially beneficial for
esophageal strictures. Ask your doctor if turmeric is contraindicated if you have chronic
inflammation of the esophagus.
Culinary Uses

Turmeric powder is used extensively in South Asian cuisine.
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Turmeric grows wild in the forests of South and Southeast Asia. It is one of the key
ingredients in many, Pakistani, Indian, Persian and Thai dishes. Ancient Indian medicine,
Ayurveda has recommended its use in food for its medicinal value, much of which is now being
researched in the modern day. Its use as a coloring agent is not of primary value in South Asian
cuisine.

In Indonesia, the turmeric leaves are used for Minangese or Padangese curry base of Sumatra,
such as rendang, sate padang and many other varieties.

Although most usage of turmeric is in the form of rhizome powder, in some regions
(especially in Maharashtra, Goa, Konkan and Kanara), leaves of turmeric are used to wrap and
cook food. This usually takes place in areas where turmeric is grown locally, since the leaves
used are freshly picked. This imparts a distinct flavor.

In recipes outside South Asia, turmeric is sometimes used as an agent to impart a rich,
custard-like yellow color. It is used in canned beverages and baked products, dairy products, ice
cream, yogurt, yellow cakes, orange juice, biscuits, popcorn color, sweets, cake icings, cereals,
sauces, gelatins, etc. It is a significant ingredient in most commercial curry powders. Turmeric is
mostly used in savory dishes, as well as some sweet dishes, such as the cake sfouf.

Although typically used in its dried, powdered form, turmeric is also used fresh, like ginger. It
has numerous uses in Far Eastern recipes such as fresh turmeric pickle which contains large
chunks of soft turmeric.

Turmeric is used to protect food products from sunlight. It is coded as E100 when used as a
food additive, indicating how it is used as a food coloring since it normally gives food slightly
yellow color. The oleoresin is used for oil containing products. The curcumin/polysorbate
solution or curcumin powder dissolved in alcohol is used for water containing products. Over-
coloring such as in pickles, relishes and mustard, is sometimes used to compensate for fading.

In combination with annatto (E160b), turmeric has been used to color cheeses, yogurt, dry
mixes, salad dressings, winter butter and margarine. Turmeric is also used to give a yellow color
to some prepared mustards, canned chicken broths and other foods, often as a much cheaper
replacement for saffron.

Turmeric is widely used as a spice in South Asian and Middle Eastern cooking. Many Persian
dishes use turmeric as a starter ingredient. Almost all Iranian fried dishes typically consist of oil,
onions and turmeric followed by any other ingredients that are to be included. In Nepal, turmeric
is widely grown and extensively used in many vegetable and meat dishes for its color, as well as
for its potential value in traditional medicine. In South Africa, turmeric may be used to give
boiled white rice a golden color.

In India, turmeric plant leaf is used to prepare special sweet dishes, patoleo, by layering rice
flour and coconut-jaggery mixture on the leaf, and then closing and steaming it in a special
copper steamer.

Medical Uses

Turmeric has been used in India for hundreds of years and is a major part of Ayurvedic
medicine. It was first used as a dye and then later for its possible medicinal properties.

Phytochemicals found in turmeric have been investigated in preliminary research for their
potential effects on diseases (NCCAM, 2012) such as cancer, arthritis, diabetes (Boaz, 2011)
and other clinical disorders. As an example of such basic research, turmeric reduced the severity
of pancreatitis-associated lung injury in mice.
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According to one report, research activity into curcumin and turmeric is increasing. The
US National Institutes of Health currently has registered 71 clinical trials completed or underway
to study use of dietary curcumin for a variety of clinical disorders (dated September 2012).

Turmeric rhizome

Some research shows compounds in turmeric to have anti-fungal and anti-bacterial properties;
however, curcumin is not one of them.

In another preliminary research example, curcumin is being studied for whether it alters the
response to chemotherapy in patients with advanced bowel cancer, as found in a laboratory
study.

Cosmetics

Turmeric paste is traditionally used by Indian women to keep them free of superfluous hair
and as an antimicrobial. Turmeric paste, as part of both home remedies and Ayurveda, is also
said to improve the skin and is touted as an anti-aging agent. Turmeric figures prominently in the
bridal beautification ceremonies of India, Nepal, Bangladesh and Pakistan. Staining oneself with
turmeric is believed to improve the skin tone and tan. Turmeric is currently used in the
formulation of some sunscreens.

The government of Thailand is funding a project to extract and isolate
tetrahydrocurcuminoids (THC) from turmeric. THCs are colorless compounds that might have
antioxidant and skin-lightening properties, and might be used to treat skin inflammations,
making these compounds useful in cosmetics formulations.

Dye

Turmeric makes a poor fabric dye, as it is not very light fast. However, turmeric is commonly
used in Indian and Bangladeshi clothing, such as saris and Buddhist monks' robes.
Ceremonial Uses

Turmeric is considered highly auspicious in India and has been used extensively in various
Indian ceremonies for millennia. Even today it is used in every part of India during wedding
ceremonies and religious ceremonies.

It is used in Pujas to make a form of Hindu god Ganesha. Lord Ganesha, the remover of
obstacles, is invoked at the beginning of almost any ceremony and a form of Ganesha for this
purpose is made by mixing turmeric with water and forming it into a cone-like shape.

Gaye holud (literally "yellow on the body") is a ceremony observed mostly in the region of
Bengal comprising Bangladesh and Indian West Bengal. The gaye holud takes place one or two
days prior to the religious and legal Bengali wedding ceremonies. The turmeric paste is applied
by friends to the bodies of the couple. This is said to soften the skin, but also colors them with
the distinctive yellow hue that gives its name to this ceremony. It may be a joint event for the
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bride and groom's families, or it may consist of separate events for the bride's family and the
groom's family.

During the south Indian festival Pongal, a whole turmeric plant with fresh rhizomes is offered
as a thanksgiving offering to Surya, the Sun god. Also, the fresh plant sometimes is tied around
the sacred Pongal pot in which an offering of pongal is prepared.

In southern India, as a part of the marriage ritual, dried turmeric tuber tied with string is used
to replace the Mangalsutra temporarily or permanently. The Hindu Marriage Act recognizes this
custom. Thali necklace is the equivalent of marriage rings of west. In western and coastal India,
during weddings of the Marathi and Konkani people turmeric tubers are tied with strings by the
couple to their wrists during a ceremony called Kankanabandhana.

Modern Neopagans list it with the quality of fire, and it is used for power and purification
rites.

Friedrich Ratzel in The History of Mankind reported in 1896 that in Micronesia the
preparation of turmeric powder for embellishment of body, clothing and utensils had a highly
ceremonial character. He quotes an example of the roots being ground by four to six women in
special public buildings and then allowed to stand in water. The following morning, three young
coconuts and three old soma nuts are offered by a priestess with prayer, after which the dye
which has settled down in the water is collected, baked into cakes in coconut molds, wrapped in
banana leaves, and hung up in the huts till required for use.

Composition

Curcumin enol form

Turmeric contains up to 5% essential oils and up to 5% curcumin, a polyphenol. Curcumin is
the active substance of turmeric and curcumin is known as C.1. 75300, or Natural Yellow 3. The
systematic chemical name is (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione.

It can exist at least in two tautomeric forms, keto and enol. The keto form is preferred in solid
phase and the enol form in solution. Curcumin is a pH indicator. In acidic solutions (pH <7.4) it
turns yellow, whereas in basic (pH > 8.6) solutions it turns bright red.

Adulteration and Substitutes

In India, the deliberate contamination and bulking out of turmeric is a serious problem in
local markets. On an international scale, the problems may not be so serious, but closely
related species are frequently substituted for true turmeric. Fortunately, chemical analysis can
to some extent establish how pure a product is.
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Ground turmeric is the most vulnerable product, particularly in local markets. Here, it is
not uncommon to find turmeric powder adulterated with lead chromate, yellow earth, sand or
even cheap talc.

In the international market, concern over possible adulteration is associated mainly with the
mixing of related Curcuma species containing similar pigments. Species that have been used as
a substitute include C. xanthorrhiza, C. aromatica and C. zedoaria.

In Asian producing countries, these three species are used as a source of starch, dyes and in
folk medicine as a substitute for true turmeric. It is often difficult to identify these species by
microscopic examination of the powder. But, adulteration of true turmeric by C. aromatica and
C. zedoaria can be detected by chemical methods.

Heavy Metal Contaminants in Turmeric
Table 1. Permissible limit in parts per million by weight of the metal contaminant in

turmeric
1. Lead 5. Zinc
Turmeric whole and powder 10.0 Turmeric whole and powder 25.0
2. Copper 6. Cadmium
Turmeric whole and powder 5.0 Turmeric whole and powder 0.1
3. Arsenic 7. Mercury
Turmeric whole and powder 0.1 Fish 0.5
4. Tin Other foods 1.0
Turmeric whole and powder Nil 8. Methyl Mercury

All foods (Calculated as the element) 0.25

100 turmeric powder samples were picked up from Mathura markets and were tested
guantitatively for heavy metals. Around 30 % of the samples were found to be adulterated,
particularly with lead and chromium crossing the limits to an alarming extent.
Recommendations

Curry dishes are rich in turmeric, although we can also take the herb in capsule form.
Consumed as a health supplement, recommended dosages of turmeric powder are usually
between 250 to 500 milligrams daily. The toxicity of turmeric has not been established because it
causes so few side effects in large dosages. We should ask a herbalist about appropriate daily
dosages.

BLACK PEPPER
Black pepper spices is one of the most internationally traded spice belonging to the family of
Piperaceae. The plant is cultivated for its fruit and is popularly used as a spice and seasoning
after drying.
Indian Name: Kali Mirch
Botanical Name: Piper nigrum
Family Name: Piperaceae
Parts Used: Fruit
Habitat: Southern states of India, Vietnam and few other Asian countries
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The Plant

The black pepper plant is grown in a soil that is moist and well drained and is rich in organic
matter. The normal height of the plant is around four meters. The leaves of the plant is five to
ten centimeters long and three to six centimeters broad.

The plants usually bear plants every fourth or fifth year and continues to do so for seven
years. Every stem consist of 20 to 30 fruiting spikes.

Origin

Since many centuries black pepper spices has been cultivated in Malabar region of Kerala in
south India. The pepper that has been cultivated is white and black pepper whereas green and
red pepper is a recent invention.

Pepper spices is also grown in South East Asia for more than two thousand years. Malaysia
and Indonesia are the major and the earliest producers of pepper in South East Asia. In 20th
century the cultivation of Black Pepper spices reached to Thailand, Vietnam, China and Sri
Lanka. Outside Asia, Brazil is the major producer of black pepper. But taking world as a whole
India followed by Indonesia are the major producers.

Composition

The essential oil content of black pepper spices is 3%. The major constituent of essential oil
is sesquiterpenes. Other constituents that define the aroma and odor are monoterpenes
hydrocarbons that includes sabinene, terpinene, a-pinene, myrcene, R-pinene, limonene, 3-
carene derivatives of monoterpene like borneol, carvone, carvacrol, 1,8-cineol, linalool.

Odorants that are chiefly found in black pepper spices are linalool, a-phellandrene,
limonene, myrcene and a-pinene. In white pepper the esential oil is nearly 1%.

Black Pepper Cultivation

Black pepper spices after being moderately riped are dried at moderate temperature. Just
after the berry starts to show the traces of redness, the fruit is plucked and stored in room
temperature and thereafter soaked into boiled water to give surface disinfection. This results in
the fermentation which finally leads to the changing of green pepper fruits into black. Later the
pepper is dried in direct sunlight. For good flavor and aroma pepper should be plucked when
the fruits show the first sign of yellow orange. This type of pepper is mainly produced in India,
whose corns are larger than typical black pepper corns.

Other Pepper Variants
White Pepper
When pepper fruits are completely ripened, they are used for making white pepper. For

processing white pepper, firstly the outer hull or mesocarp is removed. After this, in a slow
moving water berries are soaked which results in the disintegration of the mesocarp which is
later removed mechanically from the kernel (endocarp). The seed grain so remained is sold as
white pepper. In white pepper the pungency of the black pepper is retained whereas flavor is
altered due to loss of aroma compounds
Green Pepper

To process green pepper it is harvested very early. The freshly harvested pepper corns are
are pickled in salt or vinegar, or they are dried at elevated temperature. Since they are still
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unripe, they exhibit small pungency and a fresh, herbal, "green” flavor. The aroma of dried
green pepper corns are fantastic but they have less pungency. This make the m suitable for
delicate dishes.

Red Pepper

Red pepper is rare. It has good pungency and smell and can be compared to black pepper.
The sugary taste makes them unique in the pepper world. For producing them, the ripe
peppercorns are harvested at the right time. The drying process is fast and suppress
fermentation to preserve the color. While processing extra care is taken in order to prevent the
separation of the outer hull from the kernel
Trade in Black Pepper Spices
Indian Scenario

India is one of the major countries exporting large volumes of international grade pepper to a
number of countries. According to an estimate, the Southern state of Kerala accounts for 90%
of the total pepper production. Tamilnadu and Karnataka are other major Indian production
centres. The exports of black pepper spices has been rising in terms of volume for the past few
years.

Global Scenario

The global production and trade of pepper is on the rise. Vietham is the largest
manufacturer and trader of pepper in the global market. Indonesia, India, Brazil, Malaysia,
Srilanka, Thailand and China are among the top producers of pepper in the world. Singapore,
Rotterdam and New York are the largest trading centres of pepper.

Uses of Black Pepper Spices

The spice derives its flavor from piperine compund. Black pepper spices is widely used for
food flavoring and preservation.

Black Pepper is widely used in traditional medicinal systems including ayurveda, Siddha and
Unani systems. It is used for manufacturing medicines, curing illnesses and diseases like heart
disease, indigestion, constipation, insomnia, joint pains, liver problems, sneezing etc.

History of Pepper

Black pepper spices has been used by the human beings for two thousand years. The earliest
pepper was grown in southern part of India. After Greek invasion to India the western market
was open for Indian pepper. Greek invasion led to the establishment of new route to the west.
Pepper became soon the valuable items of commerce worldwide.

In 7th and 8th century AD the spice trade was monopolized by the Arabs who traded the
pepper with the west through spice route that passes from the Arabian peninsula and Egypt. In
Medieval age spice trade came to be monopolized by Italian traders also. The growing demand
led the European to discover the new sea routes to reach the eastern part and procure the
spices directly from the producers.

At the end of the 15th century Portuguese discovered many sea routes and they established
their colonies in South East Asia and south Asia which persisted until the second half of the 20th
century. The early 20th century also saw many wars between British and Dutch to control this
trade in which British emerge victorious.
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Today in modern period pepper has not lost its importance. It is still important trading
item. Black pepper along with other variants like long pepper, green pepper, red pepper and
white pepper are demanded highly in the world market.

KITCHEN TRICKS TO EXPOSE SPICE ADULTERATION

In a country where official systems set for food safety and prevention are constantly outdone
by a booming adulteration business, the onus of safeguarding one's family against contaminated
food, unfortunately falls on citizens themselves. From loose packed ground spices, to wet
produce such as milk, khoya, paneer, to dry spices and grains, almost everything we buy has a
potential of being adulterated if purchased from an unauthorized vendor in a box unmarked and
tested by either Agmark or ISI. Some of these could be less harmful such as water or bran, but
chemicals and colouring agents such as Metanil Yellow, Lead Chromate and Sudan Red Il are
known to be carcinogenic. The chairman of the Consumer Guidence Society of India, Dr Sitaram
Dixit lists a few commonly used food items, and suggests simple home tests to check for their
most common adulterants. In case the test asks for the presence of an acid, we should use
common toilet cleaning acid, or easily found citric acid or even lemon juice.
1. Turmeric, Dals and Pulses such as Moong or Channa
Adulterant
Metanil Yellow and Kesari Dal (Added to enhance the yellow colour of a food substance)
Test
Dissolve half a spoon full of besan or turmeric powder in 20 ml of lukewarm water. Add a few
drops of hydrochloric acid or any commonly available acid at home. If the water turns pink,
violet or purple, it shows the presence of Metanil Yellow.
Harmful Effects
It is highly carcinogenic. If consumed over a continuous period of time, it can also cause
stomach disorders.
2. Green Chillies, Green Peas and Other Vegetables
Adulterant
Malachite Green (To accentuate the bright, glowing green colour of the vegetable)
Test
Take a small portion of the sample and place it over a moistened white blotting paper. Coloured
impressions on the blotting paper indicate the presence of Malachite green.
Harmful Effects
It is a coloured dye. It has proven to be carcinogenic for humans if consumed over a long period
of time.
3. Mustard Seeds and Mustard Oil
Adulterant
Argemone seeds (To add bulk and weight)
Test
When pressed or crushed, argemone seeds are white inside and have a rough outer surface
whereas mustard seeds are smooth on the outside and are yellow on the inside.
Harmful Effects
The consumption of these could cause epidemic dropsy and severe glaucoma. Young children
and senior citizens with poor immunity are more susceptible this.
4. Black Pepper
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Adulterant
Papaya seeds (To add bulk)
Test
Float the sample in alcohol. Mature black pepper corns sink whereas papaya seeds float to the
surface in alcohol.
Harmful Effects
Papaya seeds can cause serious liver problems and stomach disorders.
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Abstract

Batch tests were conducted using an electroplating industry effluent that contained
18.0, 18.9, 8.6 and 15.6 ppm of Cr(VI), Ni(ll), Cu(ll) and Zn(ll) respectively. The work
aimed to evaluate the feasibility of using powdered pseudoactivated carbon prepared from
agrowastes for the removal of heavy metals from electroplating effluents. The ability of
coconut coir carbon (CCC), sagaun sawdust carbon (SSC), wheat stem carbon (WSC) and
rice husk carbon (RHC) to remove heavy metals from the effluent was studied. The removal
was in the order of Ni >Zn > Cu > Cr over a wide range of initial concentration 1-20 mg/| at
sorbent dose 1 g/1, pH 4.8, temperature 25°C, rpm 250 for 5 h. The sorption increased with
increasing contact time but the equilibrium was attained in 2 h for Cr, 3.0 h for Cu, 3.5 h Zn
and 4 h for Ni. The order of metal removal capacities for these chemical sorbents was: RHC
> CCC > WSC > SSC. Electroplating effluent showed 4 to 10% lower removal as compared to
synthetic standard solution under similar conditions.

INTRODUCTION

In India, there are over 50,000 large, medium and small electroplating units mostly scattered
in the urban areas. Most large units are captive to some other large industrial units (Chauhan and
Chauhan 2002). Medium units cater to selected business groups as feeder units. Small units
mostly carry out job plating where, unlike captive and feeder units, most of operations are done
manually in residential areas as family owned business and there is no space for effluent
treatment. The variety of processes and methods of operation in the metal finishing industry give
rise to a wide range of effluent compositions (Pigage et al. 2002). The processing baths contain
high concentration of potentially polluting materials. In general, the wastewater can be expected
to contain cyanides of potassium or sodium, complex cyanides, copper, nickel and zinc in acid
solution, hexavalent chromium, oil wastes and solvents. Due to proprietary nature of many
products used in the metal finishing, the precise composition is quite often not known. Dissolved
chemicals and metals, which are not toxic to aquatic life at very low concentration levels are,
however, the major concern. The permitted levels of metal contaminants in the electroplating
wastewater to be discharged, as applicable in various parts of the world as well as in India, are
very low but the electroplating effluents have their very high levels. A typical wastewater from
an electroplating industry is likely to have in ppm 100-500 suspended solids, 20-100 Cr(VI), 30-
150 total Cr, 15-90 CN—, 5-25 Cu, 15-70 Ni and 10-200 Zn whereas the permitted levels of
these contaminants in the electroplating wastewater to be discharged are 100, 0.1, 2.0, 0.2, 2.0,
2.0 and 5.0 ppm respectively. The pH is in the range of 4-10 that must be changed to 6.5 to 7.5
before water is released into the environment.

Enpro Journal, Volume 3, Number 1, January 2013 WWW.IPENPIo.org



67

Though activated carbon is an ideal adsorbent for organic matter due to its organophilic
character, it is not economical for wastewater and soil treatment owing to its high production and
regeneration costs, and about 10-15% loss during regeneration by chemical or thermal treatment.
High cost of activated carbon and synthetic resins has prompted search for substitutes that are
abundant, cheap, renewable and ecofriendly (Dakiky et al 2002; Buerge-Weirich et al 2002). So
the use of agricultural residues such as saw dust or industrial by-products like bagasse have
received considerable attention (Achari and Anirudhan 1995; Gaghate et al. 1990; Siddique et al.
1999; Haribabu 1992; Rai and Surendra 1999; Rangaraj et al. 1999; Selvakumari et al. 2001;
Singh et al. 2000). Most of these materials contain functional groups associated with proteins,
polysaccharides like lignin, cellulose and hemi cellulose. The pollutant uptake is believed to
occur through coulombic attraction and ion exchange processes involving these groups. Though
these materials generally do not have high sorption capacity as compared to activated carbon,
they are plentiful, inexpensive and renewable. This offers an attractive approach to the removal
of metal cations in solution. The sorption capacity of these materials could be enhanced by
various physicochemical modifications to improve their physical and structural properties
making them more suitable for full-scale filter applications. The goal of this research is to
evaluate the ability of coconut coir carbon (CCC), sagaun sawdust carbon (SSC), wheat stem
carbon (WHC) and rice husk carbon (RHC) to remove heavy metals from the electroplating
effluent as effective, low cost, biomass sorption media.

MATERIALS AND METHODS

Sagaun saw dust used in this study was collected from the saw machine at Panchkuian, Agra.
Coconut coir, rice husk and wheat stem were obtained from the local market. All the four
agrowastes were dried in the sun, crushed, washed thrice with distilled water and rinsed with 1%
HCI to remove water soluble impurities particularly metal ions and surface adhered particles.
Then they were kept in 0.1 N NaOH solution overnight to remove lignin and in 0.1 CH;COOH
to remove alkalinity developed due to NaOH. Thereafter, they were washed well with distilled
water till the wash water became colourless. Now they were dried at 110°C in an oven for 2 h to
get rid of moisture and other volatile impurities. Their carbons were prepared by keeping 4 parts
of the above agrowastes with 3 parts by weight of conc. H,SO, in an air oven maintained at
150°C for 24 h. The carbonized agrowastes were washed with distilled water to remove free acid
(SO,* ions). Then they were soaked in 1% w/v sodium carbonate solution overnight to remove
any residual acid. Again they were washed with distilled water and dried at 110°C for 2 h. The
carbons so obtained were ground in a mortar with a pestle and sieved through a standard sieve to
get the particle size less than 300 microns throughout the study.

All chemicals used were of analytical grade unless otherwise specified. Distilled deionized
water (DDW) was used throughout the experiment. Five standard solutions of 1, 5, 10, 15 and 20
mg/l concentrations of Cr, Ni, Cu and Zn for instrument calibration and sorption study were
prepared by diluting their stock solution of 1 g/l, i.e., 1 ml (1111 mg metal. To prepare the
Cr(VI) stock, 2.828 g anhydrous K,Cr,O; was dissolved in about 200 ml DDW, 1.5 ml conc.
HNO;3 and diluted to 1 litre with DDW. The stock solution of Ni, Cu and Zn were prepared by
dissolving 1.000 g of 99.5% AR 325 mesh metal powder from CDH, New Delhi in a minimum
volume of 1:1 acid (HNO3 for Ni and Cu, and HCI for Zn) and diluting to 1 litre with 1% (v/v)
acid.
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The capacity studies were carried out by transient batch tests. In 25 numbers (5
concentrations of 4 metals each + 5 controls one for each) of 100-ml capacity PVC bottles with
screw caps, 0.05 g of sorbent was added to each bottle of 5 sets, each set having 6 bottles 5 for
different concentrations of a metal and 1 for its control. 50 ml of the metal solution or effluent
was added to each bottle. The solution was buffered with 0.07M sodium acetate - 0.03 M acetic
acid to pH 4.8. Each bottle was shaken in a reciprocating shaker at 180 rpm for 5 h at room
temperature, and the metal concentration was measured per hour until the solution reached
equilibrium. The controls without sorbent are to demonstrate metal uptake due to the sorbent, not
from other sources such as the walls of the container, centrifuge tube etc. The contents were
centrifuged at 2000 rpm for 10 min and the supernatant liquid was filtered using a 0.45-um
membrane filter. The filtrate was analysed for metal ions. The initial and final concentrations of
the metal solutions were determined using a Perkin-Elmer AAnalyst 100 AAS by Standard
Methods (APHA et al. 1998). Experiments were triplicated and results averaged.

RESULTS AND DISCUSSION
The characteristics are listed in Table 1. Such carbons are expected to be more than four
times more effective than raw agrowastes (Manju and Anirudhan 1997; Perisamy and
Namasivayam 1995).
Table 1. Characteristics of Adsorbents

Parameters |  RHC | CCC | WSC | e
Composition (in %)

Moisture 3.82 4.96 5.67 4.22
Ash 4.56 7.85 5.68 8.36
Carbon 79.89 80.32 78.9 81.73
Silica 2.76 4.36 3.02 4.64
Sodium 0.13 0.11 0.17 0.09
Potassium 0.29 0.31 0.27 0.23
Calcium 0.35 0.39 0.41 0.32
Magnesium 0.03 0.02 0.07 0.01
Phosphorous 0.05 0.04 0.06 0.03
Iron 0.27 0.19 0.32 0.12
Miscellaneous 7.85 1.45 5.34 0.25
Properties

pH 8.32 7.64 7.34 7.83
Conductivity (uS/m) 0.92 0.80 0.75 0.62
Specific gravity (g/L) 1.20 1.34 1.10 1.12
Porosity (ml/g) 1.01 0.92 0.83 0.72
Surface area (m?/g) 456 397 328 298

Cation exchange capacity(meq/qg) 0.70 0.90 0.53 Nil

The physicochemical properties of carbonized agrowastes vary widely from plant to plant
and method to method of carbonization. They depend on variety of a plant and area in which it is
cultivated, temperature of carbonization, operational features and efficiency of the heating
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equipment like oven or furnace, The peaks of their X-ray diffractogram can be used to
identify major components as crystalline quartz, amorphous silica, calcium orthosilicate,
cristobalite, sillimanite, crystalline carbonate etc. (Swamy et al. 1998). Their scanning electron
micrographs can depict their morphology particularly linear or curved type fibers with holes in
fibers and at other places in skeletal structure. The number and size of pores of a carbon can also
be determined. The greater the number and larger the size of pores but the smaller particle size
make a better sorbent. The bands of their FTIR spectra can indicate the presence of carboxy,
hydroxy, sulphonic etc. groups responsible for cation exchange.

Table 2. Effect of Cr, Ni, Cu and Zn concentration on their % removal at agitation time
4 h, rpm 240 and sorbent dose 1 g/l, pH 4.8 and temperature 25°C

Metal Concentration RHC CcCC WSC SSC
(mg/l)*
Cr(VI) 1 92.1 90.9 88.3 85.1
5 89.5 88.2 84.5 80.0
10 84.2 82.4 76.8 70.9
15 75.7 71.1 65.9 58.4
20 68.1 62.3 56.1 48.5
Ni(ll) 1 97.6 95.9 94.3 92.8
5 97.0 94.7 92.7 90.4
10 95.5 91.9 88.4 84.5
15 91.3 86.0 79.6 71.2
20 84.2 76.6 70.9 62.9
Cu(ll 1 94.2 93.6 91.9 88.0
5 92.7 91.7 89.0 83.6
10 89.2 86.9 83.9 76.1
15 81.2 78.9 73.4 62.3
20 72.5 68.6 63.4 54.1
Zn(l) 1 95.4 94.7 92.3 90.8
5 94.2 93.2 90.6 87.0
10 91.5 89.4 84.5 80.2
15 85.2 80.9 75.2 68.1
20 78.5 72.1 64.2 56.5
Cr(VI) 18.0 67.4 61.0 55.7 47.2
Ni(ll) 18.9 83.0 75.2 68.5 60.3
Cu(ll) 8.6 89.0 86.5 83.4 75.5
Zn(l) 15.6 81.0 75.4 68.3 60.7

*The second set of data is for metal ions present in electroplating effluents.
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Figure 1. Effect of contact time on the % removal of Cr at 5 mg/l concentration, sorbent

dose 1 g/l, pH 4.8 and temperature 25°C

The effect of contact time on sorption was also investigated (Figure 1)

The uptake of metal ions at 1, 5, 10, 15 and 20 mg/l concentrations by different sorbents was
thus calculated and results are listed in Table 2.
The data were analysed using the Freundlich and the Langmuir equations:

Ina=Ink+1hinc Freundlich equation
¢/a=1/Qb+c/Q Langmuir equation

where a (mg/g) is the metal sorbed per unit mass of sorbent (a = x/m where x mg of metal is
sorbed on m grams of sorbent), ¢ (mg/l) is equilibrium concentration in aqueous phase, k (mg/g)
and n are Freundlich constants related to adsorption capacity and adsorption intensity
respectively, Q (mg/g) and b (I/g) are Langmuir constants related to adsorption capacity of
sorbent and adsorption maximum (energy of adsorption) respectively. The Langmuir constants
were calculated at five initial concentrations under optimal conditions (Table 3).

Table 3. Comparison of Langmuir and Freundlich constants and correlation coefficients
(R?values) for the sorption of heavy metals by RHC, CCC, WSC and SSC

System Langmuir constants and R2 Freundlich constants and R2
Q, mglg b, 1/g R’ k, mg/g 1/n R’

Cr/RHC 15.5637 0.7730 0.9975 7.422 0.5057 0.9665
Cr/iCCC 14.3753 0.7581 0.9986 6.985 0.4686 0.9529
Cr/WSC 13.1134 0.6130 0.9998 6.199 0.4605 0.9759
Cr/SSC 11.4383 0.5978 0.9999 5.102 0.4311 0.9531
Ni/RHC 18.7713 2.3191 0.9993 16.956 0.4823 0.9501
Ni/CCC 17.1763 1.4426 0.9998 11.884 0.4753 0.9484
Ni/WSC 15.8784 1.1181 0.9984 9.430 0.4782 0.9503
Ni/SSC 14.0016 0.9786 0.9965 7.413 0.4551 0.5266
Cu/RHC 17.1083 1.0063 0.9991 9.697 0.4839 0.9512
Cu/CCC 15.6278 0.9955 0.9998 8.936 0.4718 0.9523
Cu/WSsC 14.2539 0.8527 0.9995 7.511 0.4501 0.9530
Cu/SSC 12.2523 0.6460 0.9977 5.539 0.4505 0.9534
Zn/RHC 18.3009 1.1852 0.9979 11.151 0.5088 0.9584
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Zn/CCC 16.3204 1.1634 0.9987 9.922 0.4744 0.9488
Zn/WSC 14.9322 0.8557 0.9998 8.269 0.8023 0.9445
Zn/SSC 12.5572 0.8492 0.9139 6.878 0.4147 0.9468

Sorption capacity is found to decrease with increase in metal concentration. The higher
uptake at lower initial concentration can be attributed to the availability of more isolated metal
ions. Sorption rate is very rapid during initial period of contact due to the availability of more
sites for sorption and more than 60 per cent of sorption is reached within 1 hour. However,
equilibrium was attained after 2 h for Cr, 3 h for Zn, 3.5 h for Cu and 4.0 h for Ni. RHC could
remove greater amount of these metals than any other carbon studied. It was found to remove
92.1% Cr (VI), 97.6% Ni, 94.2% Cu and 95.4% Zn at concentration 1 mg/l, sorbent dose 1 g/l
rpm 240, agitation time 4 h, pH 4.8 and temperature 25°C. The order of metal removal capacities
for these chemical adsorbents was RHC > CCC > WSC > SSC. The order of removal/sorption of
metals was Ni > Zn > Cu > Cr. The effect of various parameters affecting the adsorption such as
initial metal concentration, adsorbent dose, contact time and pH was determined. Adsorption
decreases with rise in metal concentration but increases with increase in adsorbent dose.

The rate of adsorption is high in the beginning as sites are available and unimolecular layer
increases. Adsorption and desorption occur together and rates become equal at a stage called
adsorption equilibrium when isotherms are applied. That is why there is little increase in %
removal on increasing contact time from 4 to 5 h. The subsequent slow rise in curve may be due
to adsorption and intra-particle diffusion taking place simultaneously with dominance of
adsorption.

The pseudoactivated carbons may consists of oxides of silicon, calcium, magnesium, iron,
etc. They may have anion adsorption sites similar to minerals like alumina and clay. Such sites
are aquo groups (—M—OH, ") and hydroxo groups (—M—OH). The surface chemistry of an
oxide in contact with an aqueous solution is determined to a large extent by deprotonation or a
hydroxyl ion association reaction. However, some evidences suggest that an anion like Cr,O7
can be adsorbed by ion exchange mechanism even though the surface is neutral. Had Cr(VI) not
been in dichromate form, it would have been sorbed to the maximum extent based on its ionic
size and potential.

The optimum pH for metal removal was found in the acidic medium (Singh et al. 2001). The
reason may be attributed to the large number of H" ions in acidic medium neutralize negatively
charged adsorbent surface, thereby reducing hindrance to diffusion of dichromate ions. At higher
pH the abundance of OH™ ions create increased obstacle to diffusion of dichromate ions.

CONCLUSIONS
The following conclusions can be drawn from the above results:

1. CCC, SSC, WSC and RHC to remove heavy metals from the effluent in the order of Ni >
Zn > Cu > Cr over a wide range of initial concentration 1-20 mg/l at sorbent dose 1 g/l, pH
4.8, temperature 25°C, rpm 250 for 5 h.

2. The sorption increased with decreasing metal concentration and increasing contact time,
but the equilibrium was attained in 2 h for Cr, 3.0 h for Cu, 3.5 h Zn and 4 h for Ni.

3. The order of metal removal capacities for these chemical sorbents was: RHC > CCC >
WHC > SSC.
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3. Electroplating effluent showed 4 to 10% lower removal as compared to synthetic
standard solution under similar conditions.

The sorption followed Freundlich as well as Langmuir isotherms.

The present paper shows the possibility of using agrowastes particularly rice husk
abundantly available in our country to produce cheaper activated carbons. The data thus
generated may be used for designing treatment plants for industrial effluents having low
levels of heavy metals and hold a promise for commercial exploitation.

S

Acknowledgement
We thank Dr O.P. Garg, an NRI scientist cum businessman from Hamberg, his brother Mr
S.P. Garg, an eminent architect from Delhi and their trust Smt.Basanti Devi and C.L. Garg
Educational Trust for getting our laboratory renovated and providing research facilities as
well as encouragement.

REFERENCES

Achari SV and Anirudhan JS. 1995. Phenol removal from aqueous system by sorptions of jackwood
sawdust. Ind J Chem Technol 2: 137-141

APHA, AWWA and WEF. 1998. Standard Methods for the Examination of Water and Wastewater.
20th edition, Clesceri LS, Greenberg AE and Eaton AD (Editors), APHA, AWWA, WEF,
Washington DC

Gajghate DG, Saxena ER, and Rao M. 1990. Kinetics of adsorption of lead by activated carbon from
aqueous solution. Ind J Environ Hith 32, 369-376

Haribabu E, Upadhyay SN and Upadhyay YD. 1992. Removal of chromium(VI) by flyash . Chem
Environ Pes 1(3): 289-294

Manju GN and Anirudhan TS. 1997. Use of coconut fibre pith-based pseudo-activated carbon for
chromium (V1) removal. Ind J Environ HIith 39(4): 289-298

Perisamy K and Namasivayam C. 1995. Removal of Ni(ll) from aqueous solution and nickel industry
wastewater agricultural wastes: peanut hulls. Waste Management, 15(1): 66-68

Rai and Surendra Kumar AK. 1999. Treatment of chromium bearing wastewater by adsorption on
brick kiln ash and flyash. Ind J Environ Hlth 41(1): 65-73

Rangaraj S, Arabindoo B and Murugesan V. 1999. Sorption characteristics of parachlorophenol on
activated palm seed coat carbon. Ind J Environ Hith 41(1): 16-23

Selvakumari G, Murugusan M, Pattabi S and Satish Kumar M. 2001. Sorption of metals from
electroplating industry effluent by maize cob carbon. Proceedings X National Symposium on
Environment, BARC, Mumbai: 133-135

Siddique BA, Sharma PP and Mohamad S. 1999. Adsorption studies on phosphate treated sawdust :
Separation of Cr(V1) from Zn(I1), Ni(I1), Cu(ll) and their removal and recovery from electroplating
waste. Ind. J. of Environ. Protec 19(11): 846-852

Singh RP, Singh Y and Swaroop D. 2000. Defluoridation of groundwater in Agra city using low cost
adsorbent Bull Environ Contam Toxicol 65: 120-125

Singh RP, Singh Y, Swaroop D, Gupta N and Singh S 2001 Comparison of activated carbon, fly ash,
rice husk and saw dust for the removal of Cr, Zn, Cd and Pb from wastewater. Proceedings
RAWM-2001, IAEM: 285-289

Srinivasan K, Balasubramanian N and Ramakrishnan TV. 1988. Studies on chromium removal by rice
husk carbon Ind J Environ HIth 30: 376

Enpro Journal, Volume 3, Number 1, January 2013 WWW.IPENPIo.org



73
Swamy MM, Mall ID, Prasad B and Mishra IM. 1998. Sorption characteristics of o-cresol on
baggase flyash and activated carbon Ind. J Environ Hlth 40(1): 67-78
Buerge-Weirich D, Hari R, Xue H, Behra P and Sigg L. 2002. Adsorption of Cu, Cd and Ni on goethite in the
presence of natural groundwater ligands. Environ Sci Technol 30: 320-330
Dakiky M, Khamis M, Manassa A, Merdo M. 2002. Selective adsorption of chromium(V1) in industrial
wastewater using low cost abundantly available adsorbents. Advances in Environmental Research 6: 533-540
Chauhan S and Chauhan SVS. 2002. Chemical characteristics of effluents of two important
industries at Agra. Nature Environment and Pollution Technology 1(4): 431-433
Pigage A, Juskenas R and Selskis A. 2002. Waste treatment of two electroplating solution of Cu
and Zn by mixing and precipitation. Separation Science and Technology 37(13): 3155-3168

— kkkkr —

Enpro Journal, Volume 3, Number 1, January 2013 WWW.IPENPIo.org



