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Abstract: Plants are crucial components of eco and agrosystems & are the first compartment of the telluric food chain. 

When grown-up on contaminated soils, they become latent threat to human and animal fitness as they may gather some toxic 

elements (e.g., metals) in their tissues and causing many serious problems. A new preliminary draft report by 

“ArizonaSkyWatch” shows dramatic increases in heavy metals that simply do not belong in our air. These figures indicate how 

many times they are over the allowable toxic limit: Cd 6.0, Cr 6.4 & Zn 7.5. The current study was aimed to evaluate 

chromium, zinc and cadmium in the leaves of Salix nigra using atomic absorption spectrometry (UV-750 Spectrophotometer). 

The results showed higher concentration of chromium in S. nigra (0.079 mg/Kg). Zinc and cadmium were with values of 0.55 

and 0.04 mg/kg. The chromium levels in the leaves of S. nigra falls above the acceptable limits whereas zinc content exceeds 

the FAO/WHO set limits which are (99.4 and 0.20 mg/kg). The sturdy connection between the degree of contamination and 

concentrations in all plant leaves displayed the results that the leaves of S. nigra imitate the environmental changes accurately, 

and that they seem as an effective biomonitor of environmental quality in areas subjected to industrial and traffic pollutions. 
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1. Introduction 

Although there is no clear definition of what a heavy metal 

is, density is thought to be the defining feature in many cases. 

Heavy metals are thus can be explained or defined as, those 

metals having a specific density of 5g/cm
3
 or more than this. 

In routine, the term is usually used for common transition 

metals, such as lead, copper and zinc etc. 1817 was the year 

when the term “Heavy metal” was first introduced. This was 

the time when Gmelin reported a classification of elements. 

Gmelin classified the elements into light metals, heavy 

metals and non-metals. Heavy metals are a cause of 

environmental pollution (heavy metal pollution) or 

contamination from a number of sources. These sources 

include petrol contaminated with lead; waste material 

resulted from industrial activities and contamination of metal 

ions from the soil into lakes and rivers as a result of acid rain.  

Heavy metals are natural machinery of the environment 

but remained matter of great concern because they are being 

added to soil, water and air in escalating amount because of a 

rapid increase in population as well as expansion of industrial 

activities, etc. [1]. Most of the living organisms depend on 

heavy metals for their survival, but it should also be noted 

that the excessive amount of these heavy metals is generally 

detrimental to plants and animals. Although adverse health 

effects of heavy metals have been reported, in some areas 

exposure to heavy metals is still experienced. For example, 

mercury is a source in gold mining in many parts of Latin 

America till now. Arsenic is still common in wood 

preservatives, and tetraethyl lead is used to be a common 

additive to petrol, although the developed countries have 
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reduced its use. The poison of heavy metals depends largely 

on their chemical forms, concentration, residence time, etc 

[2-4]. In the present era, heavy metal pollution is a serious 

peril to the earth’s atmosphere. Traffic emissions on roads 

make one of the main causes of heavy metals accumulation 

in the environment and in plant species [5-8]. Heavy metals 

released during industrial actions forms the major part of the 

contamination that accumulates in air, soil and water bodies. 

Chromium is a particular case which exerts toxic effect on 

biological systems arising from the possibility of free 

diffusion across cell membrane and its strong oxidative 

potentials [9]. Zinc induces harm to living systems as 

indispensable enzymes are involved in metabolism [10]. 

Photosynthesis is one of the major physiological processes 

which is identified to be affected severely by heavy metals. 

Heavy metals cause damage to the photosynthetic apparatus 

which further induces changes in photosynthetic electron 

transport and carbon fixation capacity [11-13]. Cadmium for 

example, enters the air from mining industries and burning of 

coal as well as through domestic wastes. Cadmium particles 

in air can journey long distances before entering into water 

bodies. Cadmium occurs naturally in ores in combination 

with zinc, lead and copper. Cadmium compounds works as 

stabilizers in the products made of from PVC, color pigment 

and now a days most commonly, in nickel cadmium batteries 

which are rechargeable. 20th century is the era during which 

the cadmium emissions increased rapidly, one reason behind 

that is cadmium-containing products are re-cycled rarely and 

most often dumped together with household waste. Another 

major source of cadmium exposure is cigarette smoking. In 

non-smokers, food plays a vital role in cadmium exposure. 

Recent investigations revealed that adverse health effects of 

cadmium exposure may occur at lower exposure levels than 

previously estimated, resulting primarily in kidney damage 

and possibly in bone effects and fractures. 

The toxicity of cadmium, chromium and zinc ions and 

their bindery mixture have been studied at varying test level 

using duckweed (Stemless aquatic plants of the family, 

Lemnaceae) as the test organism. Chromium causes cancer 

and stomach ulcer. Chromium might lower blood sugar levels 

too much if taken along with diabetic medications. There are 

three reports of liver and kidney damage in patients who took 

chromium. It might affect brain chemistry and might make 

behavioral or psychiatric conditions worse. Zinc is a trace 

element that is essential for human health. Loss of appetite, 

decreased sense of taste and smell, slow wound healing and 

skin sores are being resulted from decreased absorption of 

Zinc. Birth defects may also be reported due to Zinc 

deficiency in the body. Although humans can tolerate 

comparably large amounts of zinc, too much zinc can still 

cause renowned health problems, such as stomach cramps, 

skin irritations, vomiting, nausea and anaemia. Colossal 

levels of zinc can mutilate the pancreas and disturb the 

protein metabolism, and causes arteriosclerosis. In the work 

place environment, zinc contagion can lead to a flu-like 

condition known as metal fever. This condition passes after 

two days and is caused by over sensitivity. Zinc can be a 

danger to unborn and newborn children. When their mothers 

have absorbed large concentrations of zinc the children may 

be exposed to it through blood or milk of their mothers. Zinc 

causes ataxia and lethargy. Some elements regarded as heavy 

metals are essential, in small quantities, for human health 

including vanadium, manganese, copper, zinc, selenium, 

strontium iron, cobalt, and molybdenum [14]. A deficiency of 

these essential metals may increase susceptibility to heavy 

metal poisoning. Medicinal herbs are effortlessly 

contaminated during growth, development and processing. 

After collection and transformation into useable form, the 

heavy metals confined in plants finally enter the human body 

and may distract the normal functions of central nervous 

system, liver, lungs, heart, kidneys and brain, leading to 

hypertension, abdominal discomfort, skin eruptions, 

intestinal ulcer and different types of cancers .In current 

investigation, chromium, zinc and cadmium concentration 

was identified in the leaves of Salix nigra using atomic 

absorption spectrometry. 

2. Materials and Methods 

2.1. Sampling 

Fresh leaves of Salix nigra plant were collected within the 

study area (Industrial Estate, Jumrod road Peshawar, 

Pakistan). The plant was properly identified by Prof. Dr. 

Abdur Rashid, Department of Botany, university of Peshawar. 

The plant material was washed in fresh running water to 

eliminate dust, dirt and possible parasites and then treated 

with double ionized water. The samples were shade-dried for 

4 weeks at 25-30
o
C. During this sample processing, 

necessary measures were taken in order to avoid any loss or 

contamination of heavy metals. Upon completely dried, the 

leaves were milled to fine powder for the desired activity 

using a local grinding machine. The fine powder obtained 

then used at different intervals during our study. 

2.2. Reagents 

All reagents used were of analytical grade. All the plastic 

and glassware were cleaned by drenching them into a 10% 

nitric acid solution and rinsing them with distilled water prior 

to use. Trioxonitrate (V) and tetraoxochlorate (VII) acids 

were used as reagents for the evaluation of our study. 

2.3. Digestion 

The samples were digested according to the standard 

procedure described by Awofolu, (2005) [15] using 

trioxonitrate (V) and tetraoxochlorate (VII) acids. Blank 

solution was prepared using 5mL trioxonitrate (V) acid. The 

results of the spectrophotometery are shown in table 1. 

2.4. Analysis 

The digests were run on the atomic absorption 

spectrophotometer (Cole UV-750) and noted the readings. 

Three replicate digestions were carried out for sample.  
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Results obtained by the spectrophotometery are given in the 

following in table 1. 

Table 1. The dry weight trace metal contents (mg/kg) in leaves of S. Nigra in 

Hayatabad Industrial Estate, Peshawar. 

 TRACE METALS (mg/kg)  

Salix nigra Leaf Sample Zn  Cr  Cd  

Replicate 1 0.50 0.080 0.04 

Replicate 2 0.55 0.072 0.05 

Replicate 3 0.60 0.085 0.04 

3. Results and Discussion 

Concentration of essential and non-essential heavy metals 

in medicinal plants beyond allowable limit is a matter of 

great concern to public safety all over the world. The 

problem is rather more somber in Pakistan, because 

medicinal plants which form the raw materials for the 

finished products are neither controlled nor properly 

regulated by quality assurance parameters.  

Confrontation of willows to some metals (Cd, Cu, Zn, Ni, 

Pb, & Fe) and its capacity to accumulate momentous 

amounts of metal in plant tissues had been documented and 

suggested its possible use for metal extraction [16, 21]. The 

studies reveal much potential for decontamination of 

cadmium [22, 26]. While Salix should be defined as high 

accumulator of metal rather than a more efficient 

hyperaccumulator as are a few herbaceous plants, there is an 

essential advantage of Salix over herbaceous species for use 

in phytoextraction. Herbaceous hyperaccumulator have 

shallow root systems, but willows are recommended for 

deeper soil contamination. A combination of high metal 

concentrations in tissues, extensive root system, perennial 

habit and high biomass results in high potential for removal 

of significant amounts of Cd at stem harvest [27, 29]. 

Although resistance to heavy metals has been well 

documented for Salix, a biochemical mechanism for metal 

tolerance is yet to be investigated. There are some evidences 

which show that metal tolerance in Salix may be credited to 

the synthesis of phytochelatin. Different species of willow, as 

well as some clones, vary considerably in their metal 

translocation patterns and their ultimate resistance to heavy 

metals.  Salix is currently under intensive research analysis 

for its potential for soil phytoremediation, the plants’ ability 

to clean substrates through chemical and metabolic processes. 

Those include phytoextraction (the removal of heavy metals 

from soil due to the plants’ uptake and translocation of metals 

into above ground organs), phytodegradation (the 

accumulation and biochemical transformation of organic 

pollutants by plants and associated microorganisms), 

rhizofiltration and rhizostimulation (the removal of pollutants 

from aqueous solutions through direct uptake by plants roots) 

and phytostabilization (substrate dehydration and prevention 

of pollutant transport). Tables 1 display the dry-weight trace 

metal contents (mg/kg) in the leaves of S. nigra of the study 

area. Chromium is present in appreciable amount in all 

samples.  

4. Conclusion 

The results of this study indicate the pollution tendencies 

of this plant within the area under study, which might also 

result in the exposure of consumers to a great health risk. The 

chromium levels in the leaves of S. nigra fall above the 

acceptable limits whereas zinc content exceeds the 

FAO/WHO set limits. The sturdy connection between the 

degree of contamination and concentrations in plant leaves 

displayed the results that the leaves of S. nigra imitate the 

environmental changes accurately, and that they seem as an 

effective biomonitor of environmental quality in areas 

subjected to industrial and traffic pollutions. 
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