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Representative samples of water, soils and plants were collected from Mingora 
and Kabal areas of the district Swat for their physio-chemical and environmental 
investigatiorls during this study. The physio-chemical analyses of these samples were 
performed by using various instruments, including atomic absorption spectrophotometer. 
Water samples collected from the dug wells, springs, streams and Swat river show 
variable concentration of physical and chemical parameters. Among the physical 
parameters pH is ranging from 6.95 to 7.1, electrical conductivity (EC) from 71 pS/cm to 
1515 pS/cin, total dissolved solids (TDS) from 37.8 mg/l to 808 mgll, salinity from 0 to 
0.7, resistivity from 0.66 kR.cm to 14.1 kR.cm and turbidity from 0.03 NTU to 16.2 
NTU in the Mingora area while the water of the Kabal area has pH from 6.78 to 7.2, EC 
from 70.6 pS/cm to 921 pS/cm, TDS from 37.4 mgll to 491, salinity from 0 to 0.4, 
resistivity from 1.085 kQ.cm to 78.34 kR.cm and turbidity from 0 kQ.cm to 4.56 kR.cm. 
Among the light element cations Ca varies from 1 mgll to 126 mgll, Mg from 1 mg/l to 
99 mgll, Na from 2 mgll to 223 mg/l and K from <1 mgll to 22 mgll in the water of 
Mingora area while in the water of Kabal area, Ca, Mg, Na and K are ranging from 6 
mgll to 58 mg/l, 5 mg/l to 53 mg/l, 2 mg/l to 1 1  8 mg/l and 1 mgll to 28 mgll respectively. 
Among the heavy and trace elements in the water of Mingora area, Fe varies from 29 pgll 
to 682 pgll, Cu from 22 pg/l to 129 pgll, Pb from 3 pgll to 9 pgll, Zn from 52 pgll to 
19 13 pgll, Ni from 6 pgll to 199 pgll, Cr from 17 pgll to 3 96 pgll, Co from 33 pgll to 74 
pgil and Mil from 30 pgll to 21 98 pgll while the water of Kabal area has Fe in the range 
of 66 pgll to 280 pgll, Cu 17 pg/l to 129 pg/l, Pb 2 pg/l to 9 pg/l, Zn 47 pgll to 890 pgll, 
Ni 8 pgll to 19, Cr 14 pgll to 45 pgll, Co 30 pgil to 57 pg/l and Mn 20 ,ug/l to 87 pgll. 

The soil samples from both Mingora and Kabal areas have variation in both the 
light element oxides and the heavy and trace elements. Among the light element oxides 
CaO varies from 119% to 8.99%, MgO from 0.6% to 29.23%, NazO from 1.03% to 
2.42% and K 2 0  from 0.36% to 2.38% in the soils of Mingora area while the soils of 
Kabal area have CaO, MgO, Na20 and K20  in the range of 2.16% to 8.1 1%, 0.70% to 
4.66%, 1.07% to 2.68% and 0.49% to 3.59% respectively. Among the heavy and trace 
elements Fe is ranging from 12499 mg/l to 3 8763 mgll, Cu from 9 mgll to 87 mgll, Pb 
from 34 mgll to 98 mgll, Zn from 10 mgll to 142 mgll, Ni from 207 mg/l to 2341 mgll, 
Cr from 3 1 1 mgll to 5647 mgll, Co from 12 mg/l to 32 mg/l, Cd fiom 2 mgll to 4 mgll 
and Mn from 36 mgll to 11 1 mgll in the soils of Mingora area while in the soils of Kabal 
area, Fe, Cu, Pb, Zn, Ni, Cr, Coy Cd and Mn is varying from 20921 mgll to 43613 mgll, 0 
mg/l to 184 mgll, 34 mgll to 93 mgll, 12 mgll to 405 mgll, 136 mgll to 302 mgll, 123 
mgll to 679 mgll, 4 mgil to 32 mgll, 2 mgll to 4 mg/l and 45 mgil to 105 mgll 
respectively. 

Both the light element cations and heavy and trace elements have greater 
variability in about ten families and their species of various plants collected from the 
Mingora and Kabal areas. Among the light elements Ca varies from 287 mgll to 20645 
mg/l, Mg from 25 mgil to 71 19 mgll, Na from 22 mgll to 341 mgll and K from 906 mgil 
to 26044 mgll. Among the heavy and trace elements Fe is ranging from 1625 mg/l to 
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Eilvironment is the circuinstances or conditioils that surrounds an organism or 

group of organisms, or the coinplex of social or cult~lral conditions that affect a n  

individual or conmunity (Cunningham & Saigo, 1999). Eiwiroiiment provides us natural 

resources on which our life sustains e.g., soil, water, air, major and minor elements. More 

than 99% of the 11uman body is nude of six nlajor elements i.e., oxygen, carbon, 

hydrogen, nitrogen, calcium and phospl~onls. Other eleineilts do occur in the body, as 

they do in rocks, but only at very low concentrations, as trace elements. (Montgomery, 

1995). Now a days there is growing concern for the conservation and preservation 01' 

enviro~llnental resources for future generation as the population on this planet keeps on 

growing. Prominent among the natural resources are soil, water and forest. It would be 

these natural resources, which would be used to supply food, shelter and clothing needs 

to the illcreasing population. (Khattak, 1997). In the globally changing scenario, 

eilviroiment is the main foc~sing factor and a huge threat for the entire community. The 

increased use of natural resources for I l~m~an needs generated solid waste, toxic effluents 

and air emissions eventually adversely affecting human and its e~~viroi~inent (I<akar et al., 

2005). 

Envirolmentd poll~~tion is the introduction of substances into environlnent that 

are responsible to cause hazards to human health, harn to living resources and 

ecosystem, damage to structure or amenity, or interference with genuine use of the 

enviroi~i~zent. Currently environmental pollution may be attributed largely to the stb~~sc of 

natural resources mainly for industrial development. The global alrnosphere and 

hydrosplme are coiitiiluously intoxicated by the incorporation of poisonous gases, noise, 

:. heat, industrial effluents and different types of garbage. Linlted with enviroizmental 

pollution are air pollution, water pollution and soil pollution (Cunningham & Saigo, 

1999). 



Of all the gifis ol'nature, none is more indispensable to man than soil, lying ovcr 

the rocky core of the earth at dilresent depths, this complex mixture of animal. 

I vegetable and mineral matter is one of the four requisites for life. Along with sunlight, 1 
air and water, soil nourishes all plant life, it provides a hal~itat for large iluinbes of 

aniinals and mici-o-organis~xs that decompose plant residues. there by helping to cycle 

the nutrients on which most of the plants growth depends. It supports the growth ol' 

arable crops, grasslancl and trees on which man depcnds for Food, fibel-, and wood f b r  

fuel and as a building material, all of which supports 11~man life. Without soil, this 

planet would be as barren as the moon. An increasing world population requires illore 

of these resources (Misra & Mani, 1 99 1 ). 

I Soils are helpful in identification of the existence of roclis of special character in the 

1 uphill or underneath area respectively. These soils, if produced from the weathering ol' 1 
mafic and ultramafic roclts. are of greater interest in 1-egard to environmental and 

exploration studies. The inafic and ultramafic rocks are generally enriched in  heavy 

metals such as cl~romium, nickel, cobalt. c a d n ~ i ~ m ,  iron, lead, zinc and copper etc. and 1 
similarly the weathered soil of these rocks will also be enriched in the heavy metals and 1 
hence their adsorption by plants and dissolution in water of the area could be resulted i n  

the environinental degradation of the area and also helps in the identification of 

pathfinders for the various types of mineral deposits (ICifayatullah ct al., 2001; Shah el 1 
I '  al., 2004; Leavitt & Goodell, 1979; Brooks 1983). 

The geo-botanical studies of the vegetation growing on the residual soil of malic 1 
- - - - - - - 

and ultramaffic t&fiGls sliowtliat vegztatfon pztterns irt t e m ~  af ~ a ~ y ~ s i t i m ,  densky- 

frequency, are distinctly different over mafic and ultramafic lerrains t 1 ~ 1  over the other 

lithologies of the sequence. This can be attributed to an increase in the nickel, chromium 

and magnesi~m concentration in specific plants growing over the ultranmfic terrain 1 
compared with the country roclts (Limae et al., 1997; Shah et al., 2004). These plants. 

having high collcentration of heavy metals, are eaten-up by the grazing aninlals and thus 

these heavy metals are transferred to the human beings through meat and milk. The I 
contamination of water due to geogenic sources in the areas where the roclts enriched in 



the metals are hazardous to living organism. The drainage through acid inines in the 

sulfide deposits and containination of surface and ground water of the area by heavy 

metals is the best example. so the surface and gro~lnd water of the area where inalic and 

ultrainafic rocks are exposed are of special interest f a  possible coi~tamina~ion 

investigation. , 

Water poll~ition is contnminiltion oS water by foreign mattcr that deteriorates thc 

quality of water. It may be the presence of any foreign substance (organic, inorganic. 

radiological, or biological) in water, which tends to dcgracle its quality so as to consti~ulc 

a hazard or impair the usefulness of thc water (US. Public Health Service, 1962). Water 

pollution covers pollutions in liquid fo:'onns like ocean pollution and river pollution. As the 

term applies, liquid pollution occurs in the oceans, lakes,  st^-earns, rivers, underground 

water and bays, in short liquid-containing areas. I1 involves the release oS toxic 

substances, patbogmic germs, substances that rcquire inuch oxygen to decompose, casily 

soluble substances and radioactivity etc. that become deposited upon the bottom and thcir 

accumulations will interfere with the condition of aquatic ecosystems. For example, thc 

eutrophication: lack of oxygen in water body caused by excessive algae growths because 

of enrichlnent of pollutants (Botkin rt al, 1995). Elements can be quite mobile in water, 

and most of the envirol~inental problems are ultimately associsrted with the contamination 

of surface and ground water. When water percolates through soil, some of the iniilerals 

and organic substances are dissolved in it. Water is a medium in which pollutants can b e  

transported and chemically transformed. Prior to their entrance into living organisms, 

some ~ a l l a t a ~ t s  ~ e e e e t . t h e u &  one additiclllal m e d i ~ m , ~ l ~ i ~ ~ i ~  -asp soil (Baig, 13%): 
Major sources that lead to water pollution include, petroleum products, synthetic 

agricultural cheinicals, heavy metals hazardous wastes, excess organic matter, sediment, 

air poll~ltion and soil pollution etc. (Botlcin et. al. 1995). 

Pakistan is one of the developing countries having population 132 million (City 

Report Rawalpindi, 1998). Most of eilvii-onmental problems in our country arc 

ru~thropogenic as industries, population and uilplal~l~ed urbanization is growing at i'as~ 

rate. This has resulted into high rate of deforestation and expansion ol'  in-metallic roads. 



poor sewerage system, iildustrics without treatment plants and widespread slums. 

especially in or arouild the major cities and industrial estates. Such a scenario is the cnusc 
, 

of tremendous environlnental pollution in air, water and soils of thesc areas (I-lamidullah 

et al., 1998). 

The Swat Kohistan region in the northern parts of Pakistan is 1110stly occupied by 

various metamorphosed basic to inteimediate rocks. Along a 70 1~111 course of the Swat 

River there are three NE-trending belts consisting, fro111 south to north, of ai~lphibolitcs, 

pyroxene granulites, and quartz diorites. These roclcs extend 13-W Tor more than 250 l i l~ l  

between Nanga Parbat and eastern Afghanistan (Jan & Kempe, 1973; Tal~irltheli & .Ian 

1979; Coward et al:, 1982). In the south the amphibolites are thrusted over the 

Precambrian to Palaeozoic sialic inetasediinents and younger granitic roclts. The 

occurrence of blueschists, serpentinites and other ultramafic rocks along this tl~rust is 

suggestive of major tectonic activity (Coleman, 1971; Moorcs. 1973) and the fault is now 

considered to be an extension of the Indus suture which marlcs the subduction of  the 

Indian plate under the "Asiatic"niass (Jan, 1977, 1980; Tahirltkeli et al., 1979). 

The roclcs of the study area are mainly a part of the mafic and ~iltsmafic sequences 

of the Mingora-Shangla melangc of the Indus Suture Zone (ISZ). The hdus  S i ~ t ~ ~ r t :  Zone 

in the noilhern Paltistan is consisting of tectonic melanges between the Kohistan island 

arc and -the Indo-Pakistan plate. These melanges are nailled as Malaltand-Mohmand 

ophiolites melange and Mingora-Sl~angla melange (Kazmi Br. Jan, 1997). The Malal<ancl- 

Molmand opl~iolites nlelange, lmown as the Dargai Klippe, sh-etching froin Daragi to 

Utn~anlthel for 30 ltm, consists predominantly of ~~ltramafic rocks with suhordinatc 

amount of inafic rocks (Almad, 1984). The Mingora-Sl~angla melange zone has a serics 

of tectonic melanges in Mingora, Slmlgla, Shamozai, Charbag11 and Allai areas. These 

melanges are mainly composed of mafic and ulbamafic rocks, greenschist, greenstone 

and blueschist (Kazmi & Jan 1997). Mingora and Kabal (study areas) have inafic and 

ultramafic rocks. The rocks of the area are mainly a part of the mafic and ultramnlic 

sequences of the Mingora-Shangla inelange zone of the Indus Suture Zone (ISZ). 



Dist~ict Swat which is the entry point to beautiful northern areas of Pakistan 

covering an area between 34" - 45' to 35 '45 '  north latitude and 72' - 08' to 77'-50' east 

longitude (Fig. 1.1). The total area of the district is 5337 square kilometer. The twin citics 

of Mingora and Saidu Sharif are district as well divisional Headquarters (DCR. 1998). 

Swat is divided into two sub divisions i.e., Matta and Babozi :wbdivision. Mingora is ihe 

capital city of Swat. Mingora has been an important trading center ibr the last 2000 years. 

It is known for its embroided cloth. shawls, woodwol~lc and precious stones. Emerald 

mine is located in the prenlises of Mingora. 

Kabal is the tehsil of Babozi subdivision. It is located 10 la11 in the northwesl: of' 

Minyora w d  covering an area of about 40026 hectors between latitude 34"- 45' to 35" - 

55' and longitude 72O- 08' to 72" - 50'. The average elevation of the area varies from 

700111 to 2500111 from mean sea level. It is bounded from south by river swat, from nosth 

by Matta , from east by Babozi and from west by lower Dir. The population density 01' 

tehsil Kabal is 17.90 persons per hcctare. Total population of ICabal is 716244, out ol' 

which 3 70 14 1 are male and 346 1 03 are female. The average ho~~sehold size of the area i s 

9.1 persons. Densely populated villages of tehsil are ICabal, Kotlai, Hazara, Shah Derni. 

Bala Samai, Kanju, Kala Kaly, ICoza Bandai, Deolai, Qalaogay, Totallo Bandai. a n d  

Dardyal. The average growth rate of the area is highcr than thc national growth rate o 1' 
- - - - - - - -  

2.6 1 percent diirilzg2005 IDCR; kW%).- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Topographically Swat is a mountainous area and can be divided into two regions 

i.e. Swat Kohistan and Swat Valley. Swat I<obistan is the mountainous area on the upper 

reaches of the Swat River. Swat Valley. is further subdivided into Bar (Upper Swat) and  

Kuz (Lower Swat). The elevation of swat river valley, at the southern bouildaries 01 thc 

district, is over 600 meters and rises rapidly towards the north. There are several 

mountain peaks ranging fi0111 4500 to over 6000 meters above sea level. In Swat dislrict. 



there are numerous scenic spots in the valleys. The valleys are lush green with thickly 

forested mountains, some of them are permanently under snow tl~roughout the year. - 

Rivers and Streams 

The Swat River rises from the Shandur or Mashabar Range bordering Swat district 

with Chitral in the north and flows south and ~ 0 ~ 1 t h  west approximately dividing the 

district into two halves. The other proininent rivers or ilalas are Harnoi lcllwar. Deolai 

khwar, Chail ldlwar and Daral khwar. 

Climate 

Clinlatically the area falls within the sublropical and moist temperate zone with heavy 

rain and snowfall; having sever winter and pleasanl. summer. The sLumner season is short 

and moderate. It is warm in the lower Swat valley lilce Kabal and Mingora, but cool and 

reii.eshing in the upper northern part. The hottest mont11 is Jme with mean maximum and 

nliniiniun temperature of 3 3 ' ~  and I G"C respectively. The coldest month is Janua~y and 

the mean lnaxiillum and minimuin temperature is 1 1" and - 2 ' ~  respectively. The winter 

season is long and extends from Novelnber to March. Rains and snow occur d~i-ing this 

season and the temperature usually falls below freezing point. The amount of rainfall 

received during winter season is more than that of sunmer season. The mean annual 

rainl-bll is 1004 111111. Maximulm rainfall occurs during the months 03' Februasy (1 60 mm) 

and Mxch (233 mm). The higl~esl rainfall rccorded during the monlh of March is about 

242 mm (Pakistan Meteorological Department. Karachi). Hails are very frequent during 

the months of July and August and cause damage to the herbaceous vegetation and aerial 

pats  of the woody species. Snowfall frequently occurs fkom Novelnber to February. 

Maxiinuin snowfall occurs during Decembcr and January. Snowfall is highest at high 

altitudes of the area like Sanai, Gocla Nanrai, Dardyal, Sarbala while low in the lowcr 

areas lilce Kabal, Dagai, Dadahara, I-Iazara, Aligrama, Bara Bandai and Ningolai. 

Relative Humidity 

Relative humidity is an important atmospheric factor govei~ling the distribution of 

vegetation. Relative l~umidity of the study area is highest in January. February and March 

having 71%, 80% and 73% respectively. 



ora 

Various species of botanical plants characteristic of different altitudes are found 

in the district, mediciilal herbs such as henbane, beladdonna and banafsha etc. are also 

fo~~ild.  pine trees grow in the forest areas. 

auna 

Swat is well lcnown for its shooting grounds. During sl~ooting S~BSOLIS. which is 

froill the 1" October to middle of March, duck partridge, chakor and pheasant are found. 

The wild mountain sheep (Mal-lthor) is found in the higher regions of the valley. Bear. 

panther. musk deer, golden fowl, black and brown bear are also found on the surrounding 

mountains. 

Agriculture: Agriculture is the largest sector of the economy and is the main sourcc of- 

livelihood of the rural population. The topography of the district is such that not all the 

land is suitable for cultivation. The land holdings are small averaging two acres. Total 

reported area in the district is 506528 hectares out of which 98845 hectares is cultivated 

(Director of Agriculture Statistics NWFP.1997-98). Most of the cultivation is being 

canied out in the southern areas of the district maidy in Mingora, Barikot, Kabal, Matla 

and Khwazalchela as well as in subvillages of ICabal like Dadaliara, Gadi, Dagai, 

-A3d1olticaly; Haz~it ,  -Al&mmaT Kanju ,  Galuch, Sirsin-,  Dcoali, S l g l ~ D e r a i ,  - - - - - Tutanu - - - - 

Bandai, Bara Bandai, Koza Bai~dai and NingoaIi. Land use pattern of Swat district for the 

year 1997-98 is shown in Table 1.1. 

Table 1.2 shows the perfoonnance of the agriculhral sector of the district in te rms 

of area cultivated and crops production. The soil of the district is very fertile and the area 

has a lot of potential to become a major source of fruits and vegetables due to i ~ s  

moderate climate. This is especially true in case of out of season vegetables. The onion 

a id  potatoes are the main p r o d ~ ~ t s .  Money farming is another ago-based industry of the 



region but it has been limited to the scale of a cottage industry and there has been no 

effort to organize it on a large scale. 
' .  

Soil: The soil of Miilgora and Tehsil Kabal consists of varied soil constituents ranging 

from silt loam to sandy loam and loam. Soil of the valley has great potential o f  fertility 

and with high organic matter. 

Irrigation: The main source of irrigation is water canals s~q~plied fi.om Swat Rivei- and 

its tributaries. Among these, Nikpikhel irrigation canal and Fatel~pur irrigation canal in 

Kabal and Fatehpur areas are built. These canals irrigate 1842 and 338 hectares of land 

respectively. 

Horticulture: Anlong fruits apple, pear, persirninon (wild), walnut, grape, apricot p1~1im 

and citrus fruit are grown all over the district. The details of h i t  orchards are given in  

Table 1.3. 

Food: The staple diet of the people is Roti inade of wheat or inaize flour. Wheat, rice 

and maize is their major manure of every day life although they also enjoy rice at 

festivals and at special occasions. The people are also fond of meat. Tea is very popular 

in Swat. 

Forestry 

About 20 percent of land area of thc district is under forest. Government has declai-ecl 

these forests as protected forests. Most of the forest is concentrated in the northern areas 

of ICalanl and Madyan. Kail fir, spruce and cl-tir are the v&ii=ties planted in the south of 

the district while in the northern and higher plains, Deodar is the most popular varielp in 

addition to those already mentionecl. The vegetation of the study area varies with the 

climatic change, especially the rainfall. Vegetation of the area can be classified into the 

following types: 

Scrub Forests: These forests have actually disappeared due to extensive clearance I'or 

cultivation and cutting of trees for meeting the timber and fuel wood requirements of the 

population. The main species are Accacia modesta, Olea ,ferruginec/. Dodonea viscuse. 



Chir Forest: Chir forests are found in Tutano Bandai and Shah Dearai blocks. With 

Pinus roxburghi the broad leaved associates are Querctls incsnncz, Ficus curica, Accrcio 

nzodesta, Celtis crz.strali.s, Olea,firnrgineu. The undergrowth is dense in open places and 

Plcctrnnt hzis r .ogosus, Jc~smin zun spp. , Zczrtl huxylunz aromntzmz. 

]Blue Pine Forest: These forests are mostly confined to upper Swat, however, sillail 

groups of Deodw are met within Coda Manri. The broad leaved associates are .JLI,~/CWI.Y 

regiu, Pyrzis ~sraslzin, Diospy~-us 1oiu.s. A I'ew trccs o I' Pop L L ~ I  1,s and Pic ~1.s spp. are a1 so 

present. The undergrowth consists of P1ect~unthz1.s rogosus, Roso rmoschnfa, R t~h l~s  

,fl.wticosus, Cannabis scitivn, Oxalis corniculnta, Artenzisia scopur.ia, Violu canescei7u. 

Rtiellia g ~ ~ ~ e c i z m  and RoO~lusi~~ rugos~rs. 

Oak Forests: Qtmczrs ir7cana, Qwscus ilcx, grow in Taghma village while Quercws ilcx 

are also available in Shah Derai. The assocaiation of Oak is Olcn Ji?rrugineu, Pu~ziccl 

gmntunz, Berberis lycezrm, Gymnospovin royleana. The undergrowth of the Oaks is 

scanty and composed of Arternisill s~opcir i~~.  Oxu/is L ' ~ I * ~ ~ C L I ~ L I ~ C I ,  Indigofi~w ~ ~ ~ N F Z ~ ~ C I I I L I .  

Cynodon dactylon, Achyrunthus uq?era, Tugetes erectu, Tngetes nzim/u. 

Cultivated Trees: Tree plantation is usually done for timber, fruit and fuelwood. 

Important trees planted are Melia ~rzed~iracl.~, Robinia psezrdoccrcia, Diospyrlu loll~s, 
- Pyrus nzalus, Pyuus co~7znzzmis, Przrn LLS urmenincu, Przrnus domesticn, Moms cilba, MOI'LIS 

nigru. 

The forests of Swat do not only add to the beauty of the area but also play an 

important part in the economy of the area. Wood is a major source of coolcing fuel 

especially for habituations close to forests. Natural Gas is. supplied to Mingora only. 

Population pressure and new co~lstructions play an important role in the depletion of 



forests. The situation becomes more chronic during the summer months with the influx of 

tourists in Swat. Unregulated grazing and soil erosion has limited the regeneration 

capacity of the forests. 

Conservation of forests in swat is a major challenge. Presently two foreign 

assisted programs are in operation to promote forest development, Malam Jabba 

Afforestation Program (Italy assisted) and Environment rehabilitation program for 

Malakand division (Dutch assisted). These programs aim at setting up nurseries, 

promoting social forestry fencing of forests, construction of forest paths and development 

of forests without compromising the ecology. 

The study, has the following objectives: 

Determination of chemical parameters of soils, waters and plants of the area. 

Identification, characterization and categorization of the soils, waters and plants 

of the area on the basis of their chemical characteristics. 

o Identification of the environmental impacts of mafic and ultramafic rocks on the 

living organism of the area. 

a The identification of bio-indicators for the mineral exploration 

The geology of the Mingora and Kabal areas has been mapped by Afiidi et al. 

(1995) on the scale of 1 :50, 000. According to this map (Fig. 1 .I) the rocks exposed in 

the study area belong to the Indian plate, mklange zone and Kohistan island arc. The 

Indian plate rocks are (1) Swat granite gneisses (Martin et al., 1962; Jan & Tahirkheli, 

1969; DiPietro et al., 1996), (2) amphibolites with garnetifrrouces schist, biotite schist 

hornblende and marbles of Marghazar Formation (Pogue et al., 1992; DiPietro, 1990; 

199 I), and (3) graphitic phyllites of the Saidu Formation; (Kazrni et al., 1984; Treloar et 

al., 1989a; 1989 b; Lawrence et al., 1989; DiPietro, 1990; 1991; 1993). The mklange zone 

rock are chaotic assemblages of serpentinite, green schist, talc-carbonate schist and 

metabasalts (Kazmi et al., 1984; Jan & Jabeen, 1990; Arif & Jan, 1993):The Kohistan 

island arc rocks are mainly massive amphibolites of southern or Kamila amphibolite belt 



(Jan, 1979; 1988; Bard et al., 1980; 'l'reloar et al., 1990; Shah et a]., 1992). Most part 01' 

the study area is covered by the quaternary deposits mainly coinposed of  stream chai~nei 
, . 

dqosits and also the weathering products of the aforementioned rocks exposures in the 

area of study (Fig. 1.2). ' 

PREVIOUS WORK 

No enviroiment related work in clctail has been conducted in the study area 

before, however, the quality of drinking water in some areas of district Swat was 

investigated by Irnran (2005). Zada (2006) studied the nutrients in a plant (Lycoper~icon 

esc~denlzm~) and their relationship with the soil of Gharri in district Swat. Extensive 

geological work has been carried out by various scientists in the past in district Swat and 

adjoining areas. Afridi et al. (1995) prepared a geological imap of the Mingora and 

adjoining areas. Arif (1994) and Arif et al. (1996), studied the ultrainafic rocks from the 

Swat valley ophiolites and the related einerald milleraiization of the study area. Reliman 

and Zeb, (1 970) presented the detail petrographic account of the rocks of the Shah Dheri, 

Ibbal area, Swat. Tariq (1 984) s~udicd the rock of the Jawan Pass, Kabal village in Swat 

district. I<l~aii and Bangash (1983) studied the petrography of the rocks of Mahak area 

near Mingora, Swat. Shah et al. (1986) investigated the ground water condition 01' thc 

Nikpild~el area in Mii~gora, Swat. Kazmi et al. (1  984). Trclonr ct al. (1 990) and DiPictro 

(1990), (1 Wl),  (1 993) have also worlced on thc geology of the Mingora and acljoining 

arcas. 



Table. 1.1. Land use pattern of district Swat 
4 

Cultivated area / i. Net sown area 

S. NO. 
1. 

LAND UTILIZA TiON STA TUS 
Total re~orted area 

CI 
2. 

Source: Director of Agriculture Statistics NWFP. 1997-98 

AREA IN HECTARES 
506528 

I. Waste area . . 
11. . . . Forest area 
in. Not available for cultivation 

Table .1.2 . Acreage and production of major crops in Swat District 

. . 
11. Current fallow 
Un-cultivated area 

6663 
13 5400 
265620 

CROPS r-- 

7127 
407683 

Rabi 

1. 

'7 
d.  

L 
Source 

Maize 

Rice 

Wheat 

Barley 

AREA IN 

Irrigated 

794 954 207 
Statistics, NWFP. 1997-98 

FN IN TON 

Rainfed 

40487 

S 

Total 

TabIe. 1.3. Area Under Orchards, Swat District 

PRODUCTION (TONES) 
20460 
9303 

3. 
4. 

AREA (Ha) 
2750 
923 

S. NO 
1. 
2. 

5. 
6. 

ORCHARD 
Apple 
Walnut 
Apricot 
Pluin 

Source: Director Agriculture statistics, NWFP. 1997-98 

Persilnmon 
Pear 

570 
500 

5804 
485 1 

470 
413 

4256 
7288 



Fig. 1 . I .  Map showing the geographic locations of District Swat. 









Representative sail~ples of soil were collected from selected areas of Mingora and 

Kabal during field. Core samples from a d e p ~ h  of 0 - 20 cm (Horizon A) and 20 - 40 cm 

(Horizon B) were collected with auger f?om each site (Fig. 1.2). Soil samples were 

properly labeled and transferred to polythene bags. The color and texture of tlxse 

samples were noted with nal<ed eye. Random sanlpling procedure was followcd for 

different soils of different sites. Samples description is given in Annex - 1. 

Plants growing on the mafic and ultrainafic terrains and other barren terrains were 

collected in the field. All the plants were uprooted, paclted in the ltraft paper and then 

collected in the polythene bags (Fig. 1 2). Herbarium sheets were prepared. These planls 

were identified and the botanical names (Annex-2 & 3) wem given to each plant with ihz 

help of a plant taxonoinist of Botany Department. University of Peshawar. 

Representative water samples were collected from dug-wells, tube-wells, springs, 
- - - - - - - - - - - - - -  

- - -  - - - - - - - - 
- - - - - - - - - - - - - -  

- - - 

streams and Swat River in the study area in cleaned polyethylene bottles (Fig. I . T ) - r h T  

polyethylene bottles were washed with distilled and double-deionized water and then 

rinsed with water to be collected as sample. Two water samples were collected from each 

site. One bottle was filled with water having no air bubble (air-tight), while the other 

bottle was added with Sew drops oT nitric acid after it was filled with the water Srom thc 

same spot. Various parameters of water SLLC~I as temperature, pH, dissolved oxygen. 

alkalinity and electric coilductivity were determined on spot by using various 



d. Determination of Dissolved Oxygen (DO): In both vurlace and ground waler 

dissolved gases are presen~. Major gases of concern are oxygen and carbon dioxide. 'The 

DO was measured in water samples by using JENCO DO meter, model 91 73. 

e. Total Dissolved Solids (TDS): 'TDS values were calculated in mg/l for all water 

samples by Consost Electrochemical Analyzer. 

f. Determination of Salinity: Salinity was measured in mg/l in all water samples by 

Consort electrocheillical analyzer. 

g. Determination of Resistivity: The Resistivity in water samples was measured in  

l&.cm by Consort electrochemical analyzer. 

h. Turbidity: Turbidity of both surface and ground water samples was measured in NTU 

by using JENWAY 6035 Tubid meter. 

CAL PARAMETERS 

SOIL 

Preparation of solution B: 0.5 g of moisture fi-ee powder soil samples were talcen in 

teflon beakers. 10 ml hydrofluoric acid (I-IF) and 4 nd percldoric acid (I-IC104) was added 

to each beaker and afrer one hour of heating on hotplate, 2 ml perchloric acid was added 

again and let the contents of the beaker to evaporate. After formation of past, little water 

and 4 ml perchloric acid again were added and heated for a while so that the paste was 

dissolved. The contents of each tell011 beaker was taken in 250 1111 vol~~inelric flask and 

made to the volume with double- deionized water and kept for the cletern~ination of Cn. 

Mg, Na, K and Fe by using flame a~onlic absorption spectroplzoto~l~eler. 

Preparation of solution C: 1 g of each inoisture free powdered soil sample was taken in 

a teilon beaker and added 5 1111 of hydrofluoric acid (HF) and heated on I-lotplate h r  an 



hour. To this solution added 15 1111 of aqua regia and let the contents of Teflon beaker to 

cvaporulc. Thcn acldccl 20 1711 o S  2 N hycIr0~1iloric acid (1-ICI). and llcated Tor a whilc. 

Then this solution was diluted to 30 1111 with double - deionized water and filtered in a 

test tube. This solution was kept for the determination of Fe, Cu, Pb. Zn, Ni, Cr, Co and 

Cd by using flame atomic absorption spectrophoton~eter. 

PLANTS 

Preparation of solution D: After identification, and non~enclature of each plant, all thc 

plants were dried and cut into small pieces and then puIverized in the chopper (Grinder). 

Two g of each dried and pulverized plant sample was talccn Pyrex bealter separately. I0 

1111 of nitric acid (HN03) was added to each bealter and kept for 24 hours and then heated 

slowly on hot plate to evaporate lIN03. Four ml ol' perchloric acid was added to each 

beaker and again heated slowly till the evaporation of perchloric acid. For intensive 

extraction 10 ml of aqua regia (3: 1 of HC1 and FINO3) was added to all samples. Once 

again heated slowly on hot plate till the evaporation of aqua regia. Then the contents of 

each bealter were filtered and the filtrate was made to the final volume of 50 1111. This 

solution of each plant sanlple was kept for the determination of major and trace elements 

by using atomic absorption spectrophotometer. 

Determination of various dements by Atomic Absorption 

For the determination of light elements i.e., Ca, Mg, Na and K, solution B of soil, 

solution D of plants and the acidiiied water samples were used. The solu~tions were 

fwther diluted where needed. 

A. Light Elements 

a. Determination of Calcium (Ca) and Magnesium (Mg): For the determination of 

calcium and magilesi~tnl, 1000 ing/l standard solution was prepared by dissolving 2,479 g 

of CaC03 and 4.952 g of MgC03 in 50 1111 of deionized water, 10 1111 of COIIC. HCJ was 

added and after this the solution was made up to in 1000 ml volunletsic flask with 



deionized water. This was a stalldard of 1000 mg/1 of Ca and Mg. Three worlcillg 

standards i.e., 2.5, 5, and 10 mg/l were prepared from 1000 mg/l standard stock solution. 

For the determination of Ca and Mg concentrations the atomic absorption was 

calibrated under the following instrumental standard conditions: 

Element Ca Mg 
Mode Absorption Absorption 
Wave1 eng th 42 2 11 111 28 5.211111 
Slit width 0.411 111 0.4nn1 
Air flow 5 1 /in in 5 1 /min 
Fuel flow 5 1 /inin to best flame 
Burner height 1 Omn1 1 Onlm 

After preliminary standardization of the atomic absorption by the working 

standard solutions, the coi~centratioils of Ca and Mg were determined in soil, water and 

plant samples. 

): Stai~dasd stock solution of 1 000 

mg/l of Na and K was prepared by dissolving 2.542 g of NaCl a11d 1.91 g of KC1 in 

deionized water. and the vol~lme was made up to 1000 1111 in a volun~etric flask. Worltiny 

standards of 2.5, 5,  and 10 mgh respectively were prepared froin 1000 mg/l sta~lclartl 

stock solution. 

For the deterinination of N a  and K concentratioils the atomic absorption was 

Wavelength 5 8 9 i m  

Slit width 0.2 nm 
Air flow 5 1 /i11 in 
Fuel flow I 1 /mi11 
Burner height 20 111111 



After preliminary standardization of the atomic absorption by the working 

standard solutions, the concentratioixs of Na and I< were determined in soil, water and 

~ l a n t  samples. 

. trace elements 

a. Determination of Iron (Fe): 1000 mg/l standard stock solution of Fe was prepared 

by dissolving 3.5 1 I g 01' Mohr's Salt [Fc(NI (S04)7.N20)] i n  clcionizcd walcl- in a 

vol~ulnetric ilaslc of 1000 1x1 and made thc volume in volurtletric flask. Working 

standards of 2.5, 5, and 10 mg/l were prepared from 1000 mg/l stock solutio~~. Thc 

iilstruillent was calibrated by using following standard instl-uinenlal conditions: 

Mode Absorption 
Wavelength 248.3 nm 
Slit width 0.2 nm 
Fuel flow 1.21/miii 
Air flow 5 1 /inin 
B~lrner height 10 111111 

After standardizing the instrun~ent by working standards, the concentration o%Fe 

was determined in soil and plant sol~rtions in mgkg. 

b. Determination of Copper (Cu): 1000 111g/l standard stock solution of copper was 

prepared by dissolving 1.00 g of copper metal in (1: 1) J$Jo~ and deionized water in 

a1000 in1 in a volumetric flask. Further worlcing standard fractioiis of 2.5, 5 and 10 

m d l  were prepared fioin 1000 mg/l standard stock solution. The instrument was 

calibrated under the following standard conditions: 

Mode 

Wavelength 

Slit width 

Fuel flow 

Air flow 

Burner height 

Absorption 

325.8 nm 

0.4 nm 

1 l/min 

5 l/inin 

1 Omm 



After standardizing the instr~umenl by working standards, the concentration of Cu 

was determined in soil and plant solutions in 111glkg. 

c. Determination of Lead (Pb): 1000 mg/l standard stock solution was prepared by 

dissolving 1.598 g of lead nitrate in 200 ml of deionized water containing 1.5 ml of conc. 

I-NO3 and the volume was made to 1000 ml in  the volumetric flask with deionized water. 

Further worlcing standards of 2.5, 5 and 10 mgll were prepared from 1000 mg/l standard 

stock sol~~tion. The instr~lment was calibrated under the following standard conditions: 

Mode Absorption 

Wavelength 217 nm 

Slit width 0.4 11111 

Fuel flow 1 llmin 

Air flow 5 llmin 

Burner height 1 0 mm 

Afier standardizing the instruinent by working standards, the concentration of Pb 

was determined in soil and plant solutions in mdkg. 

d. Determination of Zinc (Zn): 1000 mg/l standard stock solution was prepared by 

dissolving 1 .OO g of Zinc metal in 20 1111 (1 :1) HC1 and was diluted to 1000 1111 in 21 

vol~unetric flask with deionized water. Further worlcing standards of 2.5, 5 and 10 

i-ngll were prepared froin 1000 mg/l standard stock solution. The instrument was 

calibrated under the following standard conditions: 

Mode Absorption 

Wavelength 2 13.9 11111 

Slit width 0.2 11111 

Fuel flow 1 llmin 

Air flow 5 1 /inin 



Burner height 10 mm 

After standardizing the instrument by worlting standards, the concentration ol'Z11 

was determined in soil and plant solutioi~s in mgkg. 

e. Determination of Niclcel (Ni): 1000 illdl standard stock solution was prepared by 

dissolving 1.273 g of Nickel Oxide in a minimuin volume of 10% vlv HC1 and diluted 

with deionized water upto 1000 1111. Worliillg standards of 2.5, 5 and 10 mg/l were 

prepared fi-om 1000 ing/l staildard stock solution. The instrument was calibralcd 

under the following standard conditions. 

Mode Absorption 

Wavelength 232.0 i1n1 

Slit width 0.2 nm 

Fuel flow 1 l/min 

Air flow 5 1 /in in 

Burlier height 10 nun 

After standardizing the instrument by working standards, the concentration of Ni 

was determined in soil and plant solutions in mg/kg. 

f. Determination of Chromium (Cr): 1000 mg/l standard stock solution was prepared by 

dissolving 2.828 g of anhydrous potassiunl dichromate in '200 1-111 of cleioinizecl water 

containing 1.5 1111 0.f ~ 0 1 1 ~ .  HC1 and was diluted to 1000 ml in a volumetric flask. 

Further fractions of 2.5, 5 and 10 mgll were prepared from 1000 m d l  standard stock 

solution. The instrument was calibrated under following standard conditions: 

Mode absorption 

Wavelength 357.911111 

Slit width 0.2 mn 

Fuel flow 4.5 1 / r i n  



Air flow 5.0 1 Imin 

Burner height I 0 111111 

After standardizing the instnment by working staildasds, the co~lceiltration of Cr 

was determined in soil and plant solutions in mg/kg. 

g. Dctcl-mination of Cohalt (Co): For Cobalt dctc~mination in samplcs first starid:mi 

stock solutioil was prepared. 1000 mg/l standard stock solution of Co was prepared by 

dissolving 1.407 g of Cobalt Oxide (Co203) in 20 nll of hot COIIC. I-IC1. When cooled. 

the solution was diluted to a volume of 1000 1111 in a volui~~eti-ic flask. From this 1000 

mgll stock solution worl~ing standards of 2.5, 5 and 10 m d l  respectively were 

prepared. Cobalt in soil and plant samples was detennined by calibrating the 

instrument under followiiig standard instrumental conditiorls: 

Mode Absorption 

Wavelength 240.7nm 

Slit width 0.4 11111 

Fuel flow 1.21lmin 

Air flow 5 1/min 

Burner l~eight 10 mm 

Afler standardizing the instrument by working standards, the concentration of Co 

was determined in soil and plant solutions in mg/kg. 

h. Determination of anganese (Ma): For Mi1 determination in sanlples first standard 

stock solution was prepared. 1'000 ing/I standard stock solution of Mn was prepared by 

dissolving 1.000 g of manganese metal in a miniinuln volwne of (1+1) FINO3. Diluted 

this solution to 1000 nd with 1% (v/v) I-ICl in a volumetric flask. From this 1000 mgll 

stock solution working standards 01'3.5, 5 and 10 ~ng/l respcc~ively were prepared. Mn i l l  

soil and plant samples was determined by calibrating the instl~~ment under following 

standard iilstruinental conditions: 



Mode Absorption 

Wavelength 279.5 
. \ Slit width 0.2 nm 

Fuel flow 2.01min 

Air flow 5 1 1111 in 

Burner height 10 rnm 

After standardizing the instrument by worlting standards, the coilcentration of Mn 

was determined in soil and plant solutioils in mg/kg. 

etermination of Trace elements in Water 

Trace elements wcre determined in both surface and groui~d water samples by 

Graphite furnace Atonlic Absorption speclropl~otometer, in the following way: 

a. Determination of Iron (Fe): For determining Fe coilcentration in water sainples 1000 

mg/l standard stock solution was prepared by dissolving 1 gram of pure iron metal in 

ininiinum quantity of HC1 and was made to the voluine in one liter volumetric flask with 

deionized water. Working staidards of 2.5, 5 and 10 pg/l were prepared from standard 

stock solution. Fe conceuli.ation in all water samples was determined on the graphite 

lirrilace atomic absorption spcclrophotometer u11dcr lollowing slanclard instrumcnlal 

conditions. 

Mode Absorption 

Wavelength 248.3 nin 

Slit width 0.2 11111 

Tubelsite Pyro/P iatform 

Matrix modifier 0.05111g ( N 0 3 ) 1  

Pretreatment T "C 1400 

Atomization T "C 2400 



After standardizing the instl-ument by working  standard.^, the concentration of Fe 

was determined in water in mgll. 

b. Determination of Copper (Cu): For deterlnination of Cu. first of all 1000 mgll 

standard stock solution was prepared by dissolving 1 g of copper metal in 30 1111 of ( 1 : 1) 

HN03. This solution was diluted to one liter with deionized water. Working standards of  

2.5, 5 and 10 pgll were prepared from the standard stock solution. Then instrument was 

calibra~ed under the Sollowing instnuncn~al co~lclitions: 

Mode absorption 

Wavelength 324.8 11111 

Slit width 0 .7 nm 

Tubdsite PyroIP 1 atform 

Matrix modifier Nil 

Pretreatment T "C 1200 

Atonlization T OC 2300 

After standardizing the instrunlent by working standards, the coilcentration 03'Cu 

was determined in water in mgll. 

c. Determination of Lead (Pb): For the determination of lead in water samples, first of 

all 1000 mgll of Pb standard stock solution was prepared by dissolving 1.598 g of 

lead nitrate (Pb(N03)2) in 200 1111 of de-ionized water in vcllunletric flask. Then addccl 

10 1111 of CO~IC. HN03 and diluted the resulting solution to 1000 in1 with deionized 

water in volumetric flask. This solutioil contailled 1000 mdl of lead. Thee different 

working standards of 2.5, 5 and 10 pgll were prepared from sta~ldard stock solution. 

The instrument was calibrated under the following standard conditions: 

Mode Absorption 

Wavelength 28" J . J ' 11111 

Slit width 0.7 11111 



Tubelsite Pyro/Platforin 

Matrix Modifier 0.2 mg NHJ-IzPOJ 

Pretreatment T "C 1200 

Atomization T "C 2300 

After standardizing the instrument by working standards, the concentration of Pb 

was deterinined in water in mg/l. 

d. Determination of Zinc (Zn): For the determination of Zinc in water samples, first of 

all 1000 mg/l of Zn standard stock solution was prepared by dissolving 100 mg of zinc 

metal in 20 in1 of (1: 1) HCl and diluted to 1000 in1 with de-ionized water in volumetric 

flask. Then added 1 0 1111 ofconc. HN03 and diluted the resulting solution to 1000 1111 with 

de-ionized water in volumetric flask. This solution contained 1000 mb/l of Zn. Tluee 

different worlting standards of 2.5, 5 and 10 ygll were prepased froin standard stock 

solution. The instrument: was calibrated under the following standard conditions: 

Mode Absorption 

Wavelengtl~ 213.9 11111 

Slit width 0.7 11111 

Tubdsite P yro/Platform 

Matrix Modifier 0.2 nlg NI-IJ-121~04 

Pretreatment T O C  1200 

Alonlization T O C  2300 

e. Determination of Nickel (Ni): 1000 mg/l slack solution of Ni was prepared by 

dissolving 1 gram of Ni metal in a miniilluin voluine of (1 : 1) HN03 and diluting to 1 liter 

with deionized water. From 1000 mg/l standard stock solution, worlcing standasds of 2.5, 

5 and 10 ygll were prepared respectively. The instrumenl wils properly calibrated with 

working standards and then all water samples were 11111 on graphite i i~ri~ace aloinic 

absorp.tion spectroplzotometer for determination of Ni concentration under ~ollowii~g 

standard conditions: 



Mode Absorption 

. - Wavelength 232.0 nil1 

Slit width 0.2 11111 

Tubelsite Pyro/PlatEorm 

Matrix modifier 0.05 nlg (N03)2 

Pretrec2tnent T OC 1400 

Atomization T "C 2500 

After standardizing the instrument by working standards, the coilcentration of Ni 

was detemined in water in mgll. 

f. Determination of Chromium (Cr): For determination of Cr, first of all 1000 ing/l 

standard stock solution was prepared by dissolving 3.735 g of K2Cr04 ill deionized water 

and dil~~ting to one lifer with deionized water. Working stanc1ards of 2.5, 5 and 10 pg/l 

were prepared from the standard stock solution. Tl~en instruil~ent was calibrated under the 

following instrumental standard coi~ditions: 

Mode absorption 

Wavelength 357.9 11111 

Slit width 0.7 nin 

Tubdsite PyroIP laiforin 

Matrix modiiier 0.05ing ( N 0 3 ) 2  

Pretreatment T O C  1600 

Atomization T "C 2500 

After standardizing the iilstruillenl by working standards, the concentration of Cr 

was determined in water in ingll. 

g. Determination of Cobalt (Co): 1000 mg/l standard stock solution of Co was prepared 

by dissolving 1.0 g of Cobalt metal in 30 1111 of (1 : 1) I-IC1 mid was diluted to one liter with 



deionized water. Then working standards of 2.5. 5 and 10 pgll were prepared Gom 

standard stock solution respectively. Then instrument was calibrated under the following 

ii~strumental standard conditions: 

Mode absorption 

Wavelength 240.7 nnl 

Slit width 0.2 nin 

Tubclsite Pyro/Platfmn 

Matrix lnodiiier 0.05111g (NO3)? 

Pretreatinent T "C 1400 

Atomization T "C 2500 

After standardizing the instrument by working stai~dard.~, the concentratioi~ of Co 

was determined in water in mgll. 



We live on the water planet. A precious film of water - most of it is salt water- 

covers about 71% of the earth's surikce. Most of the organisms on the earth are inadc 

up inostly of water. For example. a tree is about 60% water by weight. and humans and 

most animals are about 65% of water (Miller, 1994). 

Water is the single most important agent sc~~lpturing the earth surface. Mountains 

may be raised by the action O F  plate tectonics and volcanism b u r  they are shaped 

primarily by water. Streams carve valleys, level plains, and inwe tremendous amounts oS 

sediinents from place to place (Montgomery, 1995). 

Significance of 

Fresh water is a iital resource for agriculture. inai~ufac~uring, transportation, and 

countless other 11uman activities. Water also plays a key role in moderating climate, and 

diluting pollutants. Water is such a good solvent that it dissolves a part of nearly every 

thing it meets; gases from the atmosphere, salts of illany different kinds fiom rocks and 

ininerals 01 soil, organic coloring matter from decaying vegetation, even traces of silicil. 

j1lelnearly - - - -  insoluble - - - - - -  substances that is the chief coinponent of ordinary white sand. Evcn 
- - - - - -  

- - - - - - - - - - - - - - -  
. . . . . . . . . . . . . . . . . . . .  

rain water contains dissolved oxygen and nitrogen, with much smaller quantity of 

carbon dioxide, all three derived from the atmosphere. It also contains ininute amounls 

of every accidental impurity that air itself contains; solid particles of dust, ash and soot, 

together with traces of common salt, ainmoni~un salts, sulphuric acid, and perl~aps as 

many as a dozen other identifiable organic impurities. The accidental impurities in 

water are soinetiines even beneficial. For example, dissolved oxygen relieves de-aeratcd 

water of its flate taste, and is needed to support the life of aquatic organisms, from 



inicroscopic plants or animals upward to fish. Any impurity that makes water ~mfit to 

drink, or less fit for my other use, is said to coiltaininate the water. (Deming, 1975) 

Water is truly a wondrous substance that connects us to one another, to other 

forms of life, and to the entire planet. Despite its importance, water is one of the earth's 

most poorly nlailaged resources. We waste and pollute it; we also charge too little for 

making it available, thus encouraging even greater waste imd pollutioi~ of this vital 

renewable resource ((Miller, 1994). 

Water contamination and pollution 

Pollution nzeans the presence of any foreign substance (organic. inorganic. 

radiological, or biological) in water, which tends to degrade its quality so as to constitute 

a l~azard or impair the usef~~lness of the water (US. Public I-Iealtli Service, 1962). Water 

pollution is contamination of water by foreign matter that deteriorates the quality of 

water. Water pollution covers poll~~tions in liquid forms like ocean po~lution and rivcr 

pollution. As the term applies, liquid pollution occurs in the occans, lakes, streams. 

rivers, ~mderground water and bays, in short liquid-containing aseas. It invoIves the 

release of toxic substances, pathogenic germs, substa~ces that require much oxygen lo 

decompose, easy-soluble substances, radioactivity, etc. that become deposited upon the 

bottom and their acc~unulations will interfere with the condition of aquatic ecosystems. 

For example, the eutropl~ication: lack of oxygen in a water body cctused by excessive 

algae growllls because of enrichment of poll~~trtants. Major sources that lead to water 

pollution include, petroleum products, synthetic agricultural cl~emicals, heavy n~elnls 

hazardous wastes, excess organic matter, sediment, air pollution and soil poll~~tion etc 

(Daniel & Edward, 1995). 

Chemical aspects of water pollution: During past few years the poll~~tion of water 

resources has become n major subject of investigation in all irtdustrialized countries. Thc 

concern of the effect of pollution caused by water on the enviroiment and on the inan 

hinlself, has now started to asise in developing countries too, where both r~lral and urban 

commuizities reqtlire large supplies of water to cope with the ever illcreasing demands of 



expanding population. This is specifically true for cities and towns that draw water from 

streams, which in turn, become the water supplies for down-stream users. 

Human I~ealth may be affected by iiigesting polluted water directly or in food, by 

using it for agriculture and industry. Ingestion is, however, only one possible pathway to 

exposure. Man can be exposed to water pollutants tlzrough other types of direct conti~ct, 

e.g. in recreation or the use of water for personal hygiene. In addition to the possible 

efrects of ingestion and other direct water contacts, chemical water pollulants may 

iilfluence Man's health indirectly by disturbing the aquatic ecosystems or by 

acciunulating in aquatic 01-ganisms used in 1111111a11 food. The assessment of polluta~t level 

in water depends on source, body burden and locality (WHO, 197 1). Chemical pollutants 

that chiefly tiffect human health includes nitrites, nitrates, phosphates, fluorides, arsenic, 

mercury, cadmium, lead and other toxic metals (Schmidt 8: I~notelc, 1970; McClure, 

1970; Alder, et al, 1970; S C ~ W X ~ Z ,  1967; Lutz et al, 1967). 

Due to ii~creasing siltation (emanating from physical disruption), biological 

contamination (by agents of l~uman diseases and animal and plant pests) and clmnical 

pollution (asising out of industrial effluents and agricultural chemicals etc.) in Pakistan 

the quality of water is under constant deterioration. Researches of the National Ii~stitutc 

of l~ealtl~, Islamabad and Pakistan Medical Research Council lxwe revealed that a large 

proportion of diseases in Pakistan are caused by the consumption of polluted water. 

(Environmental Profile of Pakistan, 1983). 

Classification of water pollutants: Generally water pollutants include oxygen 

demanding wastes (sewage), disease causing agents, plant nutrients, oil, inorganic 

chemicals and inillera1 substances, sediments, radioactive materials, heat and synthetic 

organic compounds (pesticides and detergents). 



Inorganic constituents: This category of water pollutant iilclude inorganic salts, mineral 

acids and heavy metals like mercury (Hg), lead (Pb) and arsenic (As) (cumulative 

poison). 

The sources of inorganic constituents are: 

e Smelting processes wastes 

Metallurgical processes 

a Mining operations 

Natural processes 

Inorganic chemicals cnter writcr from ~nunicipal and industrial wastewater and 

urban runoff. These kill lish and interfere wit11 suitability o f  water for drinking and 

industrial use. Most of the inorganic coilstituents concentrate in food chain. A 

prominent example has been the occurrence of mercury in water. A number of industrial 

processes like chlorine alltali plants nlsllte use of Hg, some of wl-rich is eventually 

disposed off in waste water effluents. Anaerobic bacteria in bottom mud can coilvert 

inorganic mercury into methyl mercury (CH2Hg-t-), which can be concentrated in living 

things and lead to imercuiy poisoning (Tyagi & Mehra, 1990). 

Acid mine drainage has been the priinary source of pollutui~ts that increase 

acidity. The actual poll~ltants present in mine drainage, have been a sulfiu-ic acid 

_ (&So4) and soluble coi~lpouiid of iron. During miniilg operations, in deep mines, the 

strata between the coal seam and the, surface have been disturbed. Fissures appear 

through which water drains into the mine in from many surface areas. This water 

containing the 11ai-mf~11 pollutants is eventually discharged into surfacc strean~s, cilher 

naturally or tl~rough inan made processes (Ty agi & Melu-a, 1 990). 

Effects 

Major effects of inorganic cheinicals are given below: 

> Aquatic life destruction: At pH below 4.0 all vertebrates, inost invertebrates and 



inany microorganisms get dcstsoyed. This 111-1 lowering is cluc to acldition of' 

sulphuric acid to water. 

> Corrosion: Water having pH lower than 6.0 can bring about excessive con-osion 01' 

pluinbing systems, boats, piers, and related structures. 

k Agricultural crop damage: Acidity and allcalinity of ii~igation water cause 

agricultural crop damage. Problems may arise if the pH drops below 4.5. Suclz 

acidic water illcreases the solubility of such substances as Fc, Al, and Mg salts. 

These ions, at the resulting high concentrations, have been some time's toxic to 

plants (Tyagi & Mehra, 1990). 

WATER QUALITY 

PHUSIOCHEMICAL PARAMETERS 

pH 
- Measuselllent of pII is one of the most freqnently used tests in water chemistry; 

particularly every pl~ase of water supply is pT-T dependent. pH refers to a scale ol: 

intensity of acidity or alltalinity. It is a measurement of the concentration of H' ions in  

water, p1-l below 7 is termed as acidic and above 7 is termed as basic. Normal water 

usually has pH value in the range of 6.5- 8.5 (Greenberg., Tr~msell & Clesceri, 1992). 

pl-I in d l  the water samples 01 the sludy area are 111-esented in Table 3.1 ancl 

graphically shown in Fig. 3.1. It is clear fro111 the table that the pH is ranging from 6.78 

to 7.2 and are considered in the normal range. No significant change in the pH has been 

noticed between the water samples collected from the Mingora and Kabal areas. The 

low pH value (6.78) is recorded in sample No. KW21, collected li-om p~unping well 

having depth of 15-18 feet at Kanju village in ICabal area. The average amount of pI-I in 

the water samples of Mingora and Kabal area is 7.00 and 6.99 respectively. 



EC is measure of the ability of an aqueous solution to conduct electricity. This 

ability depends upon the presence of ions, their total concentration. mobility, valence 

relative concentration, and temperature. Electrical conductivity indicates the chemical 

behavior and chemical quality of surface and ground water of an area. It alters 

remarkably with change in temperature. It increases about 2?4 for each 1°c increase in 

temperature (Allen, 1 9 89). 

Electrical conductivity of water samples of Kabal and Minfora is varying f om 

70.6 pS/cm to 1515 yS/cm respectively. In Mingosa, the lowest EC is in sample No. 

MW18 (71 pS/cm) while the highest EC is noted in sample No. MW 14 (1 51 5 pS/cm) 

collected a 40 feet deep dug well at Qambar area (Table 3.1; Fig. 3.2). In Icabal the 

lowest EC is reported in sainple No. KW19 (70.6 pS/cin) ilnd highest in sample No. 

KW38 (921 pS/cm) (Table 3.1; Fig. 3.2). The average amouifi of EC in the waters of' 

Mingora and Kabal area is 663.1 pS/cm and 458 pS/cm respectively. It is clear from the 

data in Table 3.1 and Fig. 3.2 that electrical conductivity in the water of Kabal area is 

relatively low as compared to that of Mingora area. 

The surfacc water temperatures are subjected to large variations than ground 

water temperatures. The temperature of g~ound water is effected by exposure of the well 

to sun light, depth of the water table and the s ~ m o ~ u ~ d i n p  atmospheric pressure. 

Temperature of groundwater is geilerally higher than the air temperature during winters 

and lower than air teinyerature during summers. The recorded temperature for Mingora 

and Kabal areas is ranging from 19 *C to 33.3 'C respectively. In Mingora 22 "C 

lemperature is recorded for sainple No. MW43 collected from Swat River at Kanju bridge 

towards Millgora (The water was speedy and clear) and 32 OC for sample No. MW44 

collected from Swat River at Lai~daltai. The temperature of wiiter samples of Kabal area 

is rallgillg fi.orn 19 OC for sample No. KW19 collected from the tributary of Swat River at 

Ningulai, to 33.3 O C  for sample No. KW37 collected from a spring (Table 3.1). ' r l x  



average temperature of the waters of Mingora and ICilbal areas is 26.3 'C and 25.3 "C 

respectively. It is clear from the data that there is no significant change in the water 

- samples of Mingora and Kabal areas as for as the temperature is concerned. 

Dissolved Oxygen (DO) 

Dissolved Oxygen in water is one of the essential eleinents for aquatic life. If 

organic matter such as untreated human or animal waste is added to water, DO levels 

decreases as inicroorganisins use DO to decompose organic matter. Dissolved Oxygen 

values for water samples of both Mingora and Ibbal area are given in Table 3.1 and 

graphically presented in Fig. 3.3. DO is ranging froin 0.13 ppin to 3.75 ppm in sa~nplc 

Nos. MW45 and MWI respectively in the Mingora area (Table 3.1; Fig. 3.3). Sample No. 

MW45 was collected froill a tap at Berarai, lil~wazakl~ela. While sample No. MW 1 was 

collected from a tap, used as a source of drinking water at Rajabad village of Maluk Abad 

Union coulicil, Mingora. Dissolved Oxygen in water of ICabal are is lowest in the sanlple 

No. KW27 (0.1 ppm) and highest in the sample No. KW19 (3.1 ppm). Scm~ple No. KW27 

was collected from stream having muddy water at Ilazara. While sainple No. KW 19 was 

collected from a tsibutary of Swat River at Ningulai. The average amount of DO in the 

waters of Mingora and Kabal area is 2.62 ppm and 2.35 ppm respectively. It is clear from 

the Table 3.1 and Fig. 3.3 that tlx DO values in the waters of both Mingora and Kabal arc 

similar. 

Total Dissolved Solids (TDS) 

TDS are made LIP priinasily by inorganic salts with small concentration of organic 

matter. Contributing ions are mainly carbonate, bicarbonate, chloride, sulfate, nitrate, 

sodiuni, potassium, calciwn and magnesium. Major contribution to TDS in water is tllc 

natural contact with rocks and soil with minor contribution from poll~~tion. In some cases 

colisiderable impact li-om snow and ice control of roads is also witnessed. Total dissolved 

solids contents of 500 mg/l are a desirable limit, which has been extended to upper limit 

of 1000 m d l  in drinking waters. 



TDS in water samples are limited to the solids in solution. High content of solids 

in water has been inversely correlated will1 increased morbidity and mortality rates 

(possibility of potential danger oi' soft watcr mainly on cardiovascular diseascs). 

According to WHO, the aesthetic water contains < 1000 mg/l of TDS while drinking 

water contain -4200 mg/l. Drinking water having increased amount of TDS is 

unpalatable . 

The results of: total dis~ol\~ed solids (TDS) are given in Table 3.1 and arc 

graphically presented in Figure 3.4. TDS values in the waters of Mingora are ranging 

from 37.8 mg/l in sample No. MWlS collected froom River Swat near River Pearl Hotel to 

808 ing/l in sample No MW14 collected from dug well, having 40 feet depth, at Qambar 

village. In water sainples collected horn Kabal asea the TDS is ranging from 37.4 ingll i n  

sample No. KW 19 collected a tributary of Swat at Ningdai to 491 n1gI1 in sample No. 

KW38 collected from a dug well at Landy village. The average amount of TDS in thc 

waters of Mingora and [Cabal areas is 3 5 ;  ing/l and 244 ing/l respectively. It is clear from 

the Table 3.1 and Figure 3.4 that the water form Kabal area is having lower amount of 

total dissolved solids as compared to that of Mingora area. 

Salinity of water is its acid neutralizing capacity. Saliriity of surface and ground 

water is a function of carbonate, bicarbonate and hydroxide contents. 

Salinity in thc water sa~nples oFMingora is ranging fro111 negligible amoumt to 0.7. 

While ill- Kabal- waters salinity- rangi~lg f10j110.2- to - - - - - - -  0.4  able - - - - - -  3.1 ). In this respect thc 
- - - - - - _ - - - - _ - -  - - - - - -  

Mingora value is more saline as coillpared to that of Kabal. Thc average ainount 01' 

salinity in the waters of Mingora and Kabal areas is 0.32 and 0.2 respectively. 

esistivity 

Resistivity was measured for both surface and ground water of Mingora and 

Kabal areas and the results are given in Table 3.1 and presented graphically in Figure 3.5. 



It is ranging fronl 0.66 kR.cm in water saillple No. MW14 collected froin a dug well, 40 

feet deep in Qambar village to 14.1 1tR.cm in sample No. M W18, collected from Swat 

, 
R i p e r  near River Pearl I-Iotel (Table 3.1). In the water of Kabal area the resistivity is 

ranging  fiom 1.085 kQ.cm in sample No. KW3 8, collected I?om a dug well at Lanclay 

vil lage,  to 78.34 l&.cm in sample No. KW21 collected from a piuil~ping well having 

d e p t h  of 15- 18 feet at I<anju village. The average resistivity of the waters of Mingora and 

Kabal areas is 3.78 kQ.cnl and 5.874 1tR.cm respectively. The resistivity of Mingora and 

lcabal area are more or less the same except in few samples. 

Turbidity 

Turbidity is one of the important drinking water quality pasameter. Turbidity in 

wa te r  samples was measured by Consort Electrochemical Analyzer and the results are 

g iven  in Table 3.1 and graphically presented in Figure 3.6. The turbidity in water of 

Miizgora area varies from 0.03 NTU to 16.3 NTU while thal of Kabal area is ranging 

f?om negligible amount to 4.56 NTU (Table 3.1; Fig. 3.6). The average trirbidity of the 

waters of Miilgora and Kabal area is 2.27 NTU and 0.70 NTU respectively. 

LIGHT ELEMENTS 

Calcium (Ca) 

The presence of calcium in water supplies results from passage through or over 

deposits of limestone, dolomite, gypsuin and gypsiperous shale. The calci~m content may 

range from zero to several llundreds milligrams per liter, depending on the source and 

freatn~ent of the water. Chemical sofiening treatment, reverse osmosis, electrodialysis, or 

ion exchange is used to reduce calciuill and associated hardness (Allen, 1989). 

The concentrations of Ca in both surface and ground waters of Mingora and 

- Kabal areas are given in table 3.2 and grapllically presented in Figure 3.7. Ca is va~ying 

fro111 0.81 ing/l in sample No. MW5, collected from spring water at Maluk Abad lo 

126.35 mg/l in sainplc No. MW1 1. collected from a dug well. 1.1aving dcpth of about 30 



feet in Rahim Abad in Mingora area. In the water of ICabal area, Ca is ranging from 

6.26 mg/l in Sample No. KW 19 to 58.1 5 mg/l in sainple No. KW27. The waters of both 

thc areas have siiliilar contents of Ca, except in sample Nos. MW 11 and MW12 

collected fiom dug well having depth of about 30 feet at Rahim abad, and dug well 

having depth of 30 feet at filling station in Rahim Abad respectively. The average 

concentration of Ca in the water of Mingora is 34.17 ing/l and in that of Kabal area is 

41.37 mg/l. 

Magnesium (Mg) 

Magnesiuim ranks eighth among the elenlents in order of abundance and is a 

con~nlon constituent of natural water. Important contributors to the hardness of water, 

magnesi~in salts break down when heated, fo'onning scales in boilers. Its concentrations 

greater than 125 mg/L have a cathanic and diuretic elkct. 'l'he melhocls Sor soiiening arc 

siinilar to those of calci~un (Allcn, 1989). 

The coi~centration of Mg in the water sai~lples collected from Mingora and 

ICabal areas are given in Table 3.2 and are graphically presented in Figure 3.7. It varies 

from 0.5 1 mg/l in sanlple No. MWlO to 99.35 mg/l in sampk No. MW5. Lowest Mg 

co~icentration is present in tube well water of Kanra Baba, h4ingora while the highest 

concentration is found in the spring water al Maluk Abad towards Fizagat in Mingoi-a. 

At Kabal Mg concentraiion in water is ranging from 5.07 mg/l in sample No. KW24 in 

ground water of Aligama to 56.10 mg/l in sanlple No.KW38 in gro~indwater of Landy 

village. The average concentration of Mg in the Mingora and Kabal area is 26.41 m d l  

and 14.05 mg/l respectively. It is clear from the Table 3.2 and Figure 3.8 that the water 

of Mingora area is relatively enriched in Mg as compare to that of Kabal area. 

Sodium (Na) 

Sodium (Na-t) coines in the body mainly by taking salt (NaClj and backing soda 

(NaI-IC03). The presence of the sodium in the body is important as it coi?tl'ols 



ecluilibri~~m, balances and controls uater balancc. Low sodium diets are reco~.nn~enclecI 

for treating hypertension (WHO, 1999). 

Sodium is also the most important and abundant elenlent in natural waters. Nearly 
% >, 

'"11 sodium compvunds are readily suluble, ancl since it does not take part in precipitation 

reactions in solutions. Concentratiun oS sodiclin varies widely, depending upon the origin 

of water ranging from few ppin to 100000 ppm. In seawater, where sodium is inosl 

abundant, the concentration is about 1000 ppm. Some of the sodiim compounds, ion 

excessive coilcentration are harmf~~l to man and may be injurious to fish and olher aquatic 

life. Probably, the most adverse effect of' high sodium concentratioi~ is related to 

irrigation. All nat~ural waters have measurable quantity of Na. Its quantity in ground water 

varies from about 0.2mgIl in humid md snow-fcd rcgions lo ovcr 100,000 mg/l brines i n  

contact with salt beds (Karantl~, 1993), 

The concentratio~ls of Na in the water sanlples of Mingora and Kabal area are 

shown in Table 3.2 and are graphically presented in Figure 3.7. Sodium is ranging li.0111 

1.61 n~gll in sainple No. MW43 to 223.05 mg/l in sainple No MW6 in waters of Mingora 

(average = 14.77 mgil) and 2.01 mg/l in sample No. KW19 to 117.70 mg/l in sample No. 

KW3 1 (average = 21.13 mg/l) in the water of ICabal area. Very high concentration of Na 

is reported in the sample No. MWG (223.05 mgll), collected from a well having depth of 

60 feet at a car washing service station near emerald mines in Mingora area and in sample 

Nos. KW26 (105.70 mgll), ICW3l (1 17.70 mg/) and KW38 (1 10.95 ingll) collected from 

a 40 feet deep dug well at Aligrama, dug wcll in n Silk Mill in ICabal village and a Jug 

well at Landay respectively in the Icabal area. 

Potassium (K) 

It is similar in inany respects to sodiuin but differs significantly in several aspects 

as it is found in very low concentration in water as compmed to sodium, thus low 

coilcentration in water favors the biological process. The proper balance between 

potassium and sodiwn nlust be maintained (Allen, 1989). 



The pi-i~lcipal sources of potassium are the feldspars, orthoclase and nlicroclinc 

(I(A1Si3O3). Potassium rocks are less soluble than sodium, calciunl and magnesium. 

Potassium is the essential constituent for plants and animals. However for plants, it is 

required in trace quantities and excessive concenlratioi~s are harmful to a normal plant 

growth, and it is recognized that this constituent should be balanced with other mineral 

requiremenls. Potassium is also found in natural waters. Its concei~~ration varies li.0111 

(lingll or less to about 10- 15 mdl) in potable waters, and fiom 100mgIl to over several 

thousand mgll i n  some brines and hot springs (Allen, 1989). 

The coilcentration of K in the waters of Mingora and Ibbal areas are reported in 

Table 3.2 and is graphically presented in Figurc 3.7. Potassium coiitcnls in sru~lplccl 

water varying from 0.13 mgll in sainple No. MW15 in tube well water of Qambar to 

21.65 mgll in sample No. MW13 (average = 5.35 ingll) in Mingora area. In Kabal area 

the I< contents are ranging from 0.56 mdl in sample Nos. ICW41 and KW42 to 27.55 

mg/l in KW26, collected from dug well at Aligrslina and tube well at Meelagah and dug 

well at Kotali respectively with an average ainount of 3.58 mg/l. The water from 

Mingora area is relalively enricl~ed in  I< as coinpare to that of Kabal area. 

HEAVY AND TRACE ELEMENTS 

Heavy metal concentration in waters can be attrib~~ted to both natural and 

anthropogenic sources. The most significa~t sources of metals are weatl~ering of rocks 

and volcanic activities from which the released inetals find. their way into the water 

bodies. A large quantity of nletals also suspends into the at~nosphere from wl~cre they call 

reach the waters through dry deposition a1x1 with rainfall. The natural sources of 

atmospheric heavy metal contsuninaLion include inaiilly the dried water droplets from 

oceans, dust particles from volcanoes, erosion from soil, weatl~ering of rocks and forest 



fires. Biodegradation of dead animals and plants also contribute significantly to 

background levels of metals in waters (Agarwal, 2002). 

- -  
Heavy and trace elements selected for the present study are Iron (Fe), Copper 

(Cu), Lead (Pb), Zinc (Zn), Nicltel (Ni), Chromium (Cr) Cobalt (Co) and h4anganese 

(Mn). Brief description of the target heavy and trace elements is given below. 

Iron (Pe) 

Iron with manganese occur quite frequently in natural waters and presents no 

health h'uards at coi~centrations normally found in 11aturaI waters. Iron in very small 

quantity may cause color problems. Iron coilcentrations of 0.3 mg/l can cause color 

problems. Additionally, soine bacteria use iron conlpounds as energy source, and the 

resulting slime growt11 may produce taste and odor problems (WHO, 1999). 

The concentration of Fe in the walcrs of both Mingora and Kabal acas arc given 

in the Table No. 3.3 and are grapl-lically represented in Figure 3.8. Fe coilcentration 

varies from 29 pg/l in the water sainple MW7 collected froill a tube well at I-layat Abad 

to 886 pEJ1 in sample No. MW43 collected from Swat River at Kmju Bridge with an 

average amount of 212 pg/l in Mingora area. Fe coilcentration is ranging from 66 pgll in  

sample No. KW25, collected from dug well above marble processing unit, l~aving depth 

of 40-50 feet at Aligrana to 930 yg/l in sample No. KW19 collected at Ningulai froin 

River Swat tributary with an average amount of 307 pg/l in Kabal area. 

Copper (Cu) 

Copper is a very coinmon metal that occurs naturally in the environment and 

spreads tlu-ough natural phenomena. It enters the air, inaiiily through release during the 

combustion of fossil fuels. Copper in air remain for an eminent period of time, before it 

settles when it starts to rain. Most copper coinpounds settle su,ld are bound to either water 

sediment or soil particles Soluble copper comnpounds form the largest threat to human 
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health. Usually water-soluble copper coinpounds occur in the eavironment after release 

tl~sougl~ application in agriculture. Copper does not break down in the environment and 

because of that it can accumulate in plants and animals when it is found in soils. Copper 

can interrupt the activity in soils, as it negatively influences the activity of 

illicroorganisnls and earthworl~ls (Gurdeep & Trivedi, 1992). 

Humans widely use copper. For instance it is appl id  in the industries and in 

agriculture. The production of copper has lifted over the last decades and due to thesc 

copper quantities in the enviroilment have expanded. Copper can be found in inany kinds 

of food. in drinlcing water and in air. Because of that h~linans absorb large quantities of 

copper each day by eating, drinking and breathing (Agarwal, 2002). The absorption of 

copper is necessary, beca~lse copper is essential for hurnal health. High concentration of 

copper causes prominent health problems. Occupational exposure to copper often occurs. 

where its contagion can lead to a flu-like condition ltnowil as metal fevcr. This condition 

is usually pass after two days and is caused by over sensitivity. 1,ong-lenn exposure to 

copper causes irritation of the nose, m o ~ d ~  and eyes m d  it causes headaches. 

- stomachaches, dizziness, vomiting and diarrhoea (Agarwal, 2002). 

Copper and its co~~~pouilds Imve high acute and chronic toxicity to aquatic lil'c. 

Acute toxic effects may include the death of animals, birds, or fish, and death or low 

growth rate in plants. Chronic toxic effects may include shortened lifespan, reproductive 

problems, lower fertility, and changes in appearance or behavior (Environmei~tal Bureau 

of Investigation, 1997). 

The C L ~  coiicentration in the waters of both Mingora and Kabal areas are given in  

Table 3.3 and Figure 3.8. In Mingora its coilcentration varies froin 22 pg/l in sample No. 

MW12 of dug well having 30 feel depth a filling station, Rahimabad, to 129 pg/l in 

sample No. MW17 collected from a in stream at Marglmzar with an average amount OF 

43 pgll. While in Kabal 17 pgll Cu is noticed in sample No. KW21, collected from a 

well, having depth of 15-18 feet at Kanju village, and 129 pg/l in sample No. KW41 01' 

tube well, froin Melagah in Kabal area with average amount of 41.2 pg/l. Cu 



coilcentration in the water samples o r  Mingora and Kabal areas are siinilar lo grcaicr 

extent. 

Lead is a bluish-white lus~rous me~al. It is very soft, highly malleable, ductile, and 

a relatively poor conductor of electricity. Lead pipes are used as drains from the baths. 

Alloys include pewter md solder. Tetraethyl lead (PbEt) are used l'or its anti kuocliing 

quality in gasoline. Lead is one of the metals that have the most damaging eiTects on 

environment. It occurs naturally in the environnlent (Agarwal, 2002). Lead is highly toxic 

and is naturally available in all eilvirolmental media in small concenlrations. Mining. 

smelting and processing of lead and lead-containing metal ores generate the majority of 

lead einissions l h m  stationary sourccs (JICA, 2000). I-lowever, inost lead concentrations 

that are fo~lnd in the environnlent are a result of human activities. 

Lead accuinulales in the bodies of water and soil organisms. These will 

experience l~eal t l~  effects froin lead poisoning. Soil fimctions are disturbed by lead 

intervention, especially near highways and farmlands, where extreme coiicentrations may 

be present. Soil organisnls suffer from lead poisoning, too. It can enter the huinan body 

tlXough uptake of food. Lead can enter (drinking) water thro~lgh corrosion of pipes. This 

is more likely to happen when the water is slightly acidic. Jt causes several unwanted 

effects, such as: disruption of the biosynthesis of l~emoglobin and anemia, a rise i11 blood 

pressure, kidney damage, miscarriages and subtle abortions (Agarwal, 2002). 

The concentrations of Pb in the water from Mingora and Kabd areas are given in 

the Table 3.3 and Figure 3.8. It is 'anging f o m  56 pg/l to 117 ygll (average 89 pgll) in 

Mingora and from negligible ainount to 116 pg/l (average 84 pg/l) in Kabal area. The 

average concentration of Pb in the waters of Mingora and Kabd areas is more 01- less 

similar (Table 3 2 ) .  



Zinc (Zn) 

Zinc is an essential trace elenlent found in virtually all b o d  and potable water in  

the ibrin of salts or organic coi~~pleses. Normally its level does not exceeds 0.01 to to 

0.05 mgI1 in surface and gsound water respectively. Zinc is not considered to be a toxic 

elenlent but imparts an undesirable astringent taste to water and inay appear opalescent 

and develop a greasy film on boiling. when its coilceiltration exceeds 3 mgll, reducing 

the acceptability and aesthetic value of water. Absorption of low concentration of zinc 

causes loss of appetitc. decreased sense of taste and smell, slow wound healing and skin 

sores. Zinc-shortages can even cause birth defects. Very high levels of zinc can damagil: 

the pancreas and disturb the protein metabolism, and cause arteriosclerosis (Aga~wal, 

2002). 

The concentration of ZII in t1x watcrs of Mingora and ICabal areas have bccn 

determined and the results are shown in Table 3.3 and are graphically presented in Figure 

3.8. Zn is ranging from 52 pdl to 191 3 pgll (average 214 p.g/l) in the waters of Mingora 

area and 47 pgll to 890 pg/l (average 130 pg/1) in the Kabal area. Very high amount of 

Zn has been reported in the sample No. MW 10 (8 10 pgl1) and sample No. MW45 (1 9 1; 

&1) of the Miiigora area and in sainple Nos. KW20 (81 0 p~J1) and KW35 (447 pgll), 

collected from a stream at ICanju village, and a dug well in a service station at Serssenai 

village in the Ihbal asea respectively. 

Nickel (Ni) - 

Nickel is silvery white, hard. ilzalleable, and ductile metal. Nicltel is released into 

the eilvironinent by power plants and trash incinerators. It is tlleiz settled to the ground or 

fall down after reactions with raindrops. It usually takes a long time for nickel to be 

removed froin air (Agarwal, 2002). Nicltel can also end up in surface water when it is a 

part of wastewater streams. The larger part of all nickel compouilds that me released to 

the environineiit is adsorbed to sediment or soil particles and becoine immobile as a 



result. In acidic ground, however, nickel is more mobile and often rinse out to the 

groundwater (Agarwal, 3002). 

Microorganisnls can suffer from growth decline due to the presence of nicliel, 

but they usually develop resistance to nickel after a while. But niclieI is not only 

favorable as an essential clement; it can also be dangerous w l w  the nmximum tolerable 

amounts are exceeded (Agarwal, 2002). This can cause various lciilds of cancer on 

different sites within the bodies of animals, nlaiizly OF those that live near refineries. 

Nickel is not known to accumulate in plants or animals. As a result nickel is not bio 

magnifying in the food chain (Agarwal, 2002). Humans may be exposed to nickel by 

illhalation, drinlcing water and eating food. Skin contact with nickel-contaminated soil 01- 

water may also result in nickel exposure. In small quantities nicliel is essential, but an 

uptake of large quantities (greater t l m  1.0 mg/in3) can cause: sicki~ess and dizziness after 

exposure to iliclcel gas, l~mg einbolisin, respiratory failure and birth defects etc. (Agmwal. 

2002). 

Nickel concentration was deterlnined in both surface and ground waters of 

Mingora and Kabal ai-eas and tlie results are given in Table 3:3 and graphically presented 

in Figure 3.8. Its concentration in Mingora area is ranging fi.0111 204 pg/l to 344 pg/ 

(average = 282 pg/l) while Kabal area water is showing Ni concentration of negligible 

amot~nt to 327 pgll (average = 260 ygll). The water from both the areas is having siinilar 

concentration of Ni. 

Chromium (Cr) 

Clu-omium enters the air, water and soil in the chromium (111) and cl~rornium (VI) 

form through natural processes and l ~ u m m  activities. The main lmnan activities that 

increase the concentra~ions of chromium (111) are steel, leatlier, chronlal plating, welding 

and chrome pigment production. The inain hulilan activities that increase cliromiun~ (VI) 

concentrations in water are chemical, leather taming, electroplatiiig and other chromium 

(VI) applications in the industry (Agamal, 2002). Most of the chromium in air eventually 



settles and end up in waters or soils. Chromi~un in soils strongly attaches to soil particles 

and as a result it can 1101 move towards groundwater. In water chromiuin absorbed on 

sediment and become immobile. Only a sinall part of the chromium that ends up in water 

is eventually dissolved (Agarwal. 2002). C~I-omium (111) is an essential element for 

organisins and iis deficiency develops glucose lolerance. Chrcrmium (VI) is mainly toxic 

to organisms. It can alter genetic materials and cause cancer (Agarwal, 2002). 

Crops contain systems that arrange the chromium-uptake to be low enough not to 

cause any harm. Acidification of soil can also inl-luence chi-omiu~n uptake by crops. 

Plants usually absorb only chron~i~im (111). This may be the essential kind of chromi~um, 

but when coilcentratioils exceed a certain value, negative elyects can occur (Agaswnl, 

2002). 

The toxic effects of high levels of cl~romium are perforation of the nasal septum. 

skin ulcers and liver and ltidney damage. 

The coilcentration of Cr has been determined in the waters of Mingora and Kabal 

area and the results ase given in Table 3.3 and are graphically presented in the Figure 3.8. 

It is ranging from 187 pgll in saniple No M W l  collectecl fiom n tap at Rsljabad/Maluk 

Abad Union co~~nci l  to 396 pgll in sainple No. MW5 from a flowing spring at Maluli 

abad towards Fizagat with an average awount of3  12 pdl  in the water of Mingora area. I11 

Kabal area, the coilcentraiion of Cr vasies fiom 185 ygll in sample No. KW23 froin a 

spring at Deerai Baba to 585 pgI1 in sample No. KW32 fi-om a dug well at Sersenai with 

an average amount of 3 13 pgll. 111 this sespect. the water of K.aba1 area is enriched in Cs 

relative to that of Mingora. 

Cobalt (Co) 

The conceiltration of Co in the waters of Mingora and Kabal area are given in 
- Table 3.3 and are graphically represented in Figure 3.8. Co is ranging from 33 pgil to 74 

pg/1 (average = 46 pg/l) in the wattel- of Mingora area and 30 pg11 to 57 pdl (average = 



41 pg1) in the water of ICabal area. The Co concentrations in the waters of both 

Mingora and Ibbal area are more or less similar 

Manganese usually occurs together with iron. In surfice waters, Mil OCCLU-s i n  

both dissolved and suspended forms. Anaerobic groiund water often contains high levels 

of dissolved Mn. The divalent (MII'") predominates in most water at pH 4-7, but more 

highly oxidized forills may occur at higher pl-I values or result from microbial oxidation 

(US EPA, 1984). At coi~centratio~~s exceeding 0.1 mEJ1, Mi1 ion imparts an undesirable 

taste to water, beverages and skins plumbing fixtures and l a~ndry  (Grirfon, 1960). 

Mil is an essential element, its deficiency lead to impaired growth, slceletal 

abno~malities, reproductive deficits and defects in lipid and carbohydrate metabolism 

(US EPA, 1984; WHO 1981; Hurley and Keen, 1987). Although no specific 

manganese- deficiency syndrome has been described in humans, as association between 

manganese deficiency and disorders like anemia and bone changes in children havc 

been suggested (Pier, 1975). In humans, cl~ronically exposed to elevated levels in the 

workplace, neurological effects oS inhaled Mn have been documcnted. Weakness, 

muscle pain, apathy, slow speech, slow clunlsy movement of limbs and inonoto~~ous 

tone of voice etc characterize the syndrome known as "~nsnganisnl". The minimal 

exposure level producing ~leurological effects is not certain but is probably in the range 

of 0.1 -1 mg/rn3 (Agency for Toxic S~lbstances and Disease Registry, 1992). 

The concentration of Mn was deternlined in water sainples of Mingora md  
I I 

Kabal areas and the results are given in Table 3.3 and are graphically presented in 

Figure 3.8. Mn coacentration varies fiom 30 pg/l in sample Nos. MW2, MW3 and 

MW45, collected from a spring at Maluk Abad, from a well near Mingora emerald mine 

area and from a tap at Birarai to 21 98 pg/l in sample No. MWG, collected from a 60 feet 

dug well at car washing service station near Fizagat mine area with an average amounl 



of 150 yg/l in Mingora area. In Icabal area it is ranging from 20 pg/l in sample No. 

KW42. collected fiom a dug well at Kotlai lo 87 pg/l in sample No. KW28, collec~ed 

from lnain Stream I-Iazara and Guljabba with an average amount of 38  dl . 



*able 3.1. Fhysiochemical parameters of water samples of Mingora and Kabal areas. 

< Codes Source pH EC Temp DO TDS Salinity Resistivity Turbidity ! 
 SIC^ c0 P P ~  mg/l I S ; ~ . C ~  (NW 1 

I 

. , 
I 

/MW~ ( Spring water 1 7.00 1 650 1 28.1 ( 2.65 ( 347 1 0.3 1 1.533 1 1 

0.54 1 
i i 

-w3 I Well water [ 7.02 1 815 1 25 1 2.92 1 433 1 0.4 1 1.228 ( 0.47 / . I 

%w5 
I 
I Flowing water I G.99 ( 

1 
798 ( 25 1 3.95 1 425 1 0.4 1 3.253 1 0. I I 

-MW4 Spring water 

'fVlW6 

I I I I I I I I I 

MW 13 I Dug well 1 7.02 1 1302 ( 26.8 1 2.93 1 695 1 0.6 1 0.769 1 J 

7 

MW7 

MW8 - 
NIW9 

MW 10 

MW 1 l 

7.00 

from spring 

Well water 

Tube well 

Dug well 

Dug well 

Tube well 

Dug well 

MW14 

MW 15 

MW1 G 

M W 1 7 

MW 18 

MW43 

564 

6.95 

MW12 Dug well 6.99 

MW44 

. MW45 

1466 78 1 0.7 0.683 1.07 1 

7.05 

7.00 

7.0 1 

6.99 

6.95 

Dug well 

Tubc well 

Dug well 

Stream water 

River water 

River water 

-Ka bal 
I W  19 - 
KW20 - 
\ 

KW2 1 

, KW22 
4 

KW23 
\ 

27.3 

1 102 

Swat River 

Tap water 

218 

23 8 

159 

316 

6.98 

7.10 

6.99 

7.00 

7.02 

6.95 

II 

River Water 

Stream water 

Pumping well 

Stream water 

Spring water 

3.03 

25 

6.98 

7.05 

1503 800 0.7 0.667 1.08 / 
-- 

28.1 

2 5 

3 5 
27.1 

1515 2G 2.3 808 0.7 0.66 

1160 25.2 2.82 618 0.6 0.86 1 

6.97 

6.97 

6.78 

7.00 
7.02 

301 

2.56 

1120 

179 

7 1 

7 1 

1 02 

3 05 

2.76 

2.64 

3.87 

3 .07 

70.6 

256 

262 

4G5 

450 

0.3 

587 

27.9 

26.1 

25.8 

22 

32 

28.9 

116 

126 

109 

168 

19 

26 
24 

2 6 
28 

1.772 

0.5 

2.63 

2.45 

3.09 

2 

1.96 

0.13 

j I 
0.2 1 

0.1 

0.1 

0.1 

0.2 

3.1 

2-38 

2.34 - - - -  
2.6 

2.66 

0.908 

59 1 

95.6 

37.8 

38.1 

53.9 

163 

I 
_ _ I  

3.X ! I 
4.58 

4.2 1 

5 .3 

3.17 

37.4 

190 

7 8 

248 

23 9 

0.5 

0.1 

0 

0 

0.1 

0.2 

-.* I 
0.48 1 

I 

9.85 3d / : 
dl 

3.27 3.45 

0 

0.2 

0.2 

0,2 
0.2 

-- 
0.13  

0.58 

0.22 

0.893 

5.57 

14.1 

14.03 

I 
I 

14.18 

2.81 

78.34 

2.15 
2.23 

0.3 -- ---. ' 1 .  2.38 1 
16.7 ' 

688 

4.56 

2.08 
-I 

' 

. 

/ : 
1'4 * 

2.4-3 / 1 1 
I I 0 1 .  .i 

-4 
-- 0 ; !  

, : 
1 



ol~tilmed from Table 3.1 . 

pS/cnl c0 kChm ( N w  
5 ~ 2 4  Dug well 7.0 1 403 21 / 2.76 2 \ 5  0 2 2.48 0.29 
4 

:W25 
/ 

:W26 
/ 

cW27 

5 ~ 2 8  
/ 

LW29 
rC 

:W30 
I 

cW3 1 
-C 

:W32 
/ 

CW33 
4 

3 3 4  

I I I I I I I I I 

<W37 I Spring 1 7.02 1 535 / 33.3 1 1.7 1 285 I 0.3 1 1.87 1 0 2 6  

- 
CW35 

CW36 

Dug well 

Dug well 

Stream water 

Stream water 

Pumping well 

Tube well 

Dug well 

Dug well 

Dug well 

Dug well 

------ 
<W41 Tube well 6.99 440 20 3.53 

<W42 Dug well 6.86 514 31.7 2.55 273 
---- 

Dug well 

Spring 

<W38 

<W39 

7.02 

7.00 

7.20 

7.1 1 

7.08 

7.07 

6.96 

6.95 

6.96 

7.00 

6.99 

6.99 

Dugwell 

Spring water 

408 

907 

3 14 

3 06 

502 

478 

56 1 

5 04 

516 

475 

<W40 Stream 

458 

549 

6.99 

6.97 ' 

23 

2 1 

30 

30 

20 

20 

32 

28.7 

20 

20 

-3Fr-m 

20 

32.4 

92 1 

390 

2.92 

2.89 

0.1 

3.6 

2.16 

2.36 

2.8 

2.3 

2.28 

2.34 

26 

2.2 

2.22 

23 

32.7 

218 

484 

167 

162 

268 

255 

300 

269 

274 

25 1 

-- 
2.26 

244 

293 

2.28 

1.99 

0.2 

0.4 

0.2 

0.2 

0.2 

0.2 

0 -3 

0.2 

0.3 

0.2 

169 

0.2 

0.3 

40 1 

208 

2.45 

1 .I03 

3.19 

3.27 

1.99 1 

2.09 

1.775 

1.993 

1.94 
---- 

2.1 1 

0.2 

0.53 

0 

0.45 

0.32 

0.05 
- 

0.06 
- -- 

0.1 

0.12 

0 

0.3 1 

2.1 8 

1.822 

0.4 

0.2 

1.17 

0.36 

3.15 0.13 

1.085 

2.56 

0.25 

2.68 



Table. 3.2. Light element cations in water samples of Mingora and Kabal areas. 

Mingora I I 
Sample 
Code 

I I I I I 

MWI ( ~ a u  water 124.65 (34.18 15.10 12.33 

Source 

I M W 5  Flowing water 0.8 I 
fro111 surinz 

MW2 

MW3 

MW4 

Ca mg/l 

IMwS 1 ~ ~ 1 ~  well 126.92 18.90 15.82 12.94 1 

Spring water 

Dug well water 

Spring water 

MW6 

MW7 

Mg mg/l 

I I I I 1 

MW 1 1 ~ D U ~  well 11 26.35 (35.69 (2.88 15.42 

22.37 

29.79 

2.09 

Dug well water 

Tube well 

MW9 
MW 10 

I I I I I 

M W  12 I D L I ~  well 1173.55 112.09 12.66 17.79 

Na mgA 

I M W  13 ~ D L I ~  well 143.56 120.80 12.56 121.65 ( 

K mgll 

53 2.5 

5 9.45 

67.95 

56.95 

23.10 

Dug well 

Tube well 

JM w 14 I D U ~  well 156.12 128.81 13.08 (20.35 1 

6.08 

13.87 

3.39 

1 1.97 

14.45 

23.52 

34.00 

I M W ~  7 I~treani water 123.90 ( 1  3.02 14.21 111.50 1 

2.54 

6.74 

1.03 

MW15 
MW 1 G 

223.05 

4.88 

16.23 

0.5 1 

( ~ ~ 4 4  \swat River (12.87 18-12 12.55 11.33 I 

6.82 

1.62 

Tubewell 
Dug well 

MW18 

M W43 

/M ~ 4 5  1 ~ a p  water 127.65 16.43 17.09 11.15 1 

4.96 

5.68 

Ka bal 
I<W 19 River Water 6.26 9.34 2.0 1 

2.45 

1.96 

17.23 
30.21 

Riverwater 

River water 

20.62 
18.56 

5.77 

6.13 

KW22 

2.87 
2.62 

12.09 

12.0 1 

Stream water 

0.13 
6.45 

1.61 

I 

12.74 37.48 3 .05 12.75 



Continued from Table 3.2. 

I I I 

KW23 Spring water 49.46 9.09 17.8-1 

J ,  

1 1 ~ ~ 2 6  / D U ~  well 134.45 18.23 )105.70 127.85 1 

Sample Code 

KW24 

KW25 

/I< ~ 2 9  I ~ u m ~ i n ~  well 152.90 113.56 18.56 11 -24 I 

Source 

Dug well 

Dug well 

KW27 

KW28 

I ~ u b e  well 148.39 ( 1  4.7 1 17.08 11.25 1 
I I I I I 

I D L I ~  well (49.56 (20.36 11 17.70 11.09 

CR mgll 

44.44 

42.48 

Stream water 

Stream water 

1 1 ~ ~ 3 3  I D L I ~  well 150.05 ( 1  7.85 19.7'3 10.89 I 

5 .07 

6.55 

Mg mg/l 

58.15 

33.80 

I D L I ~  well 119.71 156.10 11 10.95 11 3 8  1 

11.28 26.23 

5.19 7.09 

1 

I<W34 

KW35 

KW39 Spring water 34.23 10.92 

KW40 S treani 31.41 5.46 5.74 

KW4 1 Tube well 43.30 10.59 

Na mg/l 

I I I I I 

I< W 42 I D L Q  well 137.67 18.84 16.3 5 10.56 

I< mgll 

Dug well 

Dug well 

42.02 

4 1.35 

15.37 

16.05 

7.4.4 

6.90 

1.24 

0.81 



Mingora 
MW 1 - Tap water 88 40 7 7 222 277 187 6 1 4 6 

MW2 Spring water 100 3 0 5 6 5 5 27 1 3 26 4 5 3 0 
- - - - - - . -- 

MW3 Well water 182 33 100 63 344 3 40 43 3 0 

MW4 Spring water 68 34 8 8 5 4 204. 355 4 8 3 5 

MW5 Flowing water 96 3 5 8 0 56 324. 396 5 4 100 
from spring 

MW6 Well water 137 3 7 101 9 1 3 00 3 70 74 2 198 

MW7 Tube well 29 6 1 9 8 9 1 282 209 3 7 

I I 

MW8 Dug well 166 3 8 92 7 9 262 3 02 42 3 8 

MW9 Dug well 94 3 7 7 6 82 282 3 10 33 39 

MW 10 Tube well 101 . 72 77 810 292 3 03 4 8 3 8 

MW I 1 Dug well 149 36 9 5 67 268 3 87 5 6 44 1 
--- 4 

MW12 Dugwell 5 7 22 S 1 52 270 229 40 ' ' 47 

MW13 Dugwell 173 3 1 6 1 5 2 254 208 34 -3 7 - - ~ ~ ~ ~ ~  
MW14 Di~gwell 6 8 33 115 135 299 3 23 5 4 44 

MW 1 5 Tube well 125 3 2 90 218 3 17 3 64 4 5 42 

MW I 6  Dug well 167 29 117 190 284 36 1 45 3 8 

M W 17 Stream water 165 129 8 7 7 5 279 297 3 6 4 1 I 

M W 1 8 River water 73 1 42 114 64 289 3 54 45 G S  

MW43 River water 886 35 8 8 5 8 276 262 3 5 63 

MW44 Swat River 697 33 67 6 5 267 3 06 3 8 69 

MW45 Tap water 175 6 8 114 1913 278 3 64 47 3 0 --- -- -- 
Average 212 43 89 214 282 312 46 150 

Kabal - ---- 
f<W19 River Water 930 3 7 86 73 28 I 163 44 8 0 

KW20 Stream water 87 26 8 6 890 285 3 03 3 7 4 1 



Continued from 'Sable 3.3. 

Average -- 

Source Fe pg/I Cu pg/l Pb pgll Zn pg/l 
Pumping well 

1 92 17 8 1 
Stream water 

193 33 105 6 0 312 348 
Spring water 

155 24 104 52 25 7 185 
Dug well 114 3 1 8 1 113 225 37 1 

Dug well 66 4 1 6 3 I85 262 20 1 

Dug well 187 3 0 1 02 47 260 202 

Stream water I 

88 3 5 113 5 7 3 13 3 19 
Stream water 

479 44 113 7 1 0 348 
Pumping well 

1 46 3 2 9 6 
Tube well 

83 29 8 9 5 6 227 3 90 
Dug well 165 3 2 6 8 5 7 264 274 

Dug well 101 79 63 1 1 1  3 03 5 85 
Dug well 138 3 3 102 6 1 316 3 83 
Dug well 153 3 4 86 5 5 0 195 
D L I ~  well 800 30 116 447 274 3 68 

Spring 142 1 351 , 0 1 56 / 297 1 35 1 
Spring 131 29 84 5 5 268 1 327 

Dug well 118 3 1 96 
Spring water 

Stream 119 1 02 5 7 250 224 -- --- 
Tube well 

Dug well 100 32 1 81 / 217 1 287 1 297 
I I I I I I 



pH of Mingora Water Samples 

Sample Codes 

Fig. 3.1 a. Variation of pI-I in the surface and ground water of Mingora area. 

pH ot-Kabal Water Samples 

Fig. 3.1 b. Variation of pH in the surface and ground water of Kabal area. 



EC in Mingora Water Simples 

Sample codes 

Fig. 3.2 a. Electrical Conductivity of the surface and ground water in Mingora area. 

, Fig. 3.2 b. Electrical conductivity in the surface and ground water of Ibbal area. 



DO in Mingora Water Samples 

Sample Codcs +F 

Fig. 3.3 a. Dissolved oxygen in surface and ground water of Mingora area. 

DO of KabaP Water 
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Sample Codes 

Fig. 3.3 b. Dissolved oxygen in thc surface and ground water of Mingora area. 
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I'DS i n  Mingora Wstcr 
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Fig. 3.4 a. Total dissolved solids in the water of Miugora in cornparison with WI-I0 
standards. 
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Fig. 3.4 b. Total dissolved solids in the surface and ground water of Icabal area in 
comparison with WHO standards. 



Resistivity of Minogra Watcr 
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+ + + + + + + + + + + + + + + + + + + + +  

Sample Codes 

Fig. 3.5 a. Resistivity of the surface and ground water of Mingora area. 

Resistivity of Kabal water 

Fig. 3.5 b. Resistivity of the surface and ground water of Kabal area. 



Turbidity of Mingora Water Samples 
/ 9 .  - -- .- 

Samples Codes 

Fig. 3.6 a. Variation of turbidity in the surface and ground water of Mingora area in 
coil~parison with WI-I0 standards 

Turbidity of Icabal Water Samples 

Sample Codes 

F&. 3.6 b. Turbidity in the surface and gro~ouod water of I<abal area in comparison with 
WHO standards 



Fig. 3.7 a .  Light element cations in the surface and ground water of Mingora area. 





Mafic roclc is igneous roclc that is dominated by the silicates pyroxene, amphibole, 

olivine, and mica. These minerals u e  high in rnagnesiuin and ferric oxides, and their 

presence gives mafic roclc its cl~aracteristic dark color. ~Mtific rock is coininoilly 

contrasted with felsic rock, in which light-colored ininerals predominate. Common ~naiic 

rocks iizclude basalt and its coarse-grained intrusive equivalent, gabbro (Encyclop~clia 

Britannica, 2006) 

Ultrslnlafic roclcs occupy n small portion (<I%) of the earth's land surface, but are 

locally abundant in ophiolite belts along tectonic plate ma-gins (Brooks, 1987; Coleman 

and Jove, 1991). The roclcs of the study area are mainly a part of the inafic and ultranlafic 

sequences of the Mingora-Shangla melange of the Indus S~1tt.u-e Zone (ISZ) (Kazini and 

Jan, 1997). The wealllel-ing and erosion of ~hese rocks have deposited soils in the low 

laying areas of the region, which is focus of this study. 

Engineering geologists define soil very broadly to include all uilcoilsolidated 

inaterial overlying bedrock. While soil scientists restrict the term soil to those materials 

capable of s~~pporting plant growth and distinguish it fiom regolith, ~vhich encompasses 

all uncoilsolidated inaterial at the s~lrface whether fertile or not. (Montgomery, 1995). 

Soil composition and characteristics 

Soil is an essential natural ixedium for the growth of land piants, whether or not it 

has discernible soil l~orizons. It  is formed lrom rucks by physicai, c11einicaI ~unJ 

biological weathering. Soil consists of various constituents such as minerals, organic 

matters, water and air. Half of the soil volume is solid space, 45% mineral matters and 



5% organic materials. In porous soil about 25% of the volui-ne is water and 25% is air 

(La1 and Stewast, 1992)..Soil is the basic medium-providing majority of food items to the 

15ving organisins but its degradation has become a major global concern in recent years as 

a result of iimeasing deinailds on land for h o d  production and waste disposal. Soil is 

poll~lted by various factors sucl~ as over using of pesticides and fertilizers and dumping of' 

solid wastes and ind~islrial effluents. The wastewater of induslrial processes contains 

different physical, chemical and biological poll~~tants, which give rise enviroi~ineiztal and 

public healtl~ coilcerns in numerous areas of the world. Polluted soil can affect the 

normal growth of plant, because it contains n lot of toxic metals such as Cu, Cd, Ni. 211, 

P b  Cr and Hg (La1 and Stewast, 1992). 

Soils fosnled fiom ultrainafic rocks contain an abundance of Fe, Mn, Cr. Ni. and 

Mg, and low coilceiztratioi~s of the plant-essential nutrients Ca and I<. The resulting 

vegetation is commonly xeromorphic and characteristically stunted (Lee, et al. 200 1). 

Soil Formation 

Physical, chenzical and biological weathering of various types of rocks is 

1-esponsible for the fon~l~ation of both transported and residual soil. These soils are helpful 

in identification of the existence of roclts of special character in the uphill or ~mdernealh 

area  respectively. These soils if produced from the wea~hering of the inafic and 

ultrainafic roclts are of greater interest in regard to envirol~inental and exploration studies. 

T h e  nlafic and ultrainafic rocl<s ase generally enriched in heavy metals such as clzromium. 

nickel, cobalt, cadmium, iron, lead, zinc and copper etc. and similarly the weathered soil 

of these rocks will also be enriched in the heavy metals and hence their adsoiytion by 

plants and dissolution in water of the area could be resulted in the environmental 

degradation of t l~e  area and also helps in the identification of pathfinders for the various 

types of ininera1 deposits (I<ifayatullah el: al., 2001; Shah et al., 2004; Leavitt and 

. Goodell, 1979; Brooks 1987). 



The processes of soil for~natioil on ultramafic rocks are generally different h-0111 

those on acidic rock, largely due to high co~lcentrations of Fe and Mg. Soils formed 011 

serpentinite generally produce more exaggerated effects than other types of ultramafics 

(Kruckeberg, 1984). Soil profile development is generally slow and poor, with average 

pH between 6-7.5. Soil inoisture holding capacity is generally low. Cation exchange 

capacity is typically high, as is the MgICa ratio. Ultramafic soils are often lacking in 

nilrogen, pl~ospl~orous and soinetiines molybdenum; they are moderate to high in cobalt, 

cl~roinium, iron and nicltel (Rabenhorst ct al., 1982; Alexander et al.. 1989; Graham cl 

al., 1990). Bccnusc soil dcvclopmcnt is poor and slopcs arc slccp, i~ltralnnlic soils arc not  

stable. This affects the establisl~ment of pioneering vegetation and, as a consequence. 

fuirher slows soil development. 

Crop and timber productivity is higldy variable, but mostly very poor. Land use is 

inostly restricted to livestock grazing and wildlife values. Food crops and livestocl\: are 

susceptible to picking up and even concentrating heavy metals. Timber can be l~arvested 

fiom sites that are not so severe that they exclude tree growth, but regeneration al'ler 

harvest is often difficult and growth is poor. Ultramafic sites in forested regions are ofien 

classified as non-productive, especially as the ainount of serpentine increases. Many 

ultramtific soils have been found to benefit from the addition of calcium (Kruckeberg, 

1992). 

Soil Profile 

Soils are stratified into different Iayers calIed, soil horizons, wl~ich give 

information about the hislory md usef~~lness of the soil. Thicltness, color, texture and 

conlposition of each horizon is uscd to classify the soil. Tlle soil surface is usually 

covered with a layer of leaf litter, crop residues or other fresh or partially decomposed 

organic material. This is called 0-horizon. Under the organic layer is A-horizon or 

topsoil, coilsisted of inillera1 pmticles mixed with organic material. Its thiclu~ess range 

from several meters to zero (in some deserts). This layer contains most of the living 

organisms and organic material in the soil, and it is in this layer that n~ost  plants spread 

their roots to absorb water and nutrients. The surface horizon often blends into another 



horizon i.e. E-horizon which is subject to leaching by water percolating through it. 

Beneath the surface horizons are the subsurrace horizons usually having lower organic 

content and higller concentrations of mineral particles, This zone is known as B-horizon 

where soluble con~pounds and clap particles carried by water percolating down, arc 

accumulated. Beneath the subsoil is the parent nlaterial which is lcnow as C-horizon. It is 

made of relatively un-decomposed mineral particles and un-weathered rock fragments 

with very little organic material. Weathering of this layer produces new soil particles and 

permits downward expansion of the horizons above (Cunningl~am & Saigo, 1999) 

Distribution and Environmental effects of trace metals in soils 

Soils enriched in trace metals often pose enviroil~nentnl and human health 

problems and thus attract the attention of reseaschess from a wide range of disciplines. I11 

order to reach a greater understanding of these nletals as pollutants it is important to 

understand their natural sources as well. While most people probably associate metal rich 

soils with hazardous waste pollution, there are many cases where soils, rocks and waters 

are naturally enriched in trace metals (Alloway, 1990; McBride, 1994). Concentrations 

vary between dii'ierent rock types, climates, and geochemical conditions, but ultramallc 

rocks are lu~own for high natural occurrences of trace metals, Co, Cr, and Ni in particular 

(Dinelli et a]., 1997; Louennoser, 1997). Ultrail~alic rocla arc csposccl at the surl'ncc in 

areas where sections of h e  upper mantle have been abducted i n  orogenic regions 

(Robinson et d., 1996). The nlost coll~rnon types of these rocks are hwzburgi~e, 

lhemolite, and dunite-all are naturally or geocheinically enriched in heavy metals 

(Lottemoser, 1997; Winter, 2001). Typically ultramafic rocks and associated soils 

contain Ni and Cr at conce~itrations of 1500 to 5000 ppln and Co fiom 100 to 200 ppm 

(McGrath and Smith, 1990; Ve~turelli et al., 1997; Robillson et al., 1999). At these high 

coilceiltratioils inctals can inigrate into surfacc or groundwater a id  cause potential 

ecological and health concerns (Wesolowski, 2003). 

Potential hazards associated with trace elements pertain to their accumulation in  

soils which may (1) lead to a plant toxicity condition or (2) result in increased uptake of 

metals into the food clmin. Ten eleinents of primary concern are arsenic, boron, 



cadmium, copper, merci~ry, molybden~un, nickel, lead, selenium, and zinc. Of these 

cadmium has the most dangerous long-term effects on huinan health. Many of these are 

amplified in the food chain. 

The distribution of heavy metals in natural soils can affect the plant species 

growing in an area. These species have. therefore. been used s~~ccessfully as tracers in 

mineral prospecting and environillental degradation in many areas. The mechanisn~ of 

accuillulation of a substance or its enricl~ment, in relation to its environmei~t, often 

involves additional energy consumptioi-~ and increased enzyme activity (Brook, 1983). 

Lower and higher plants are included as the accun~ulative organisms. A biological 

absorption coefficient value, or the ratio between the concentration of a given element i n  

plant and soil, decreases exponentially with the increase of concentration in soil (Brooli, 

1983). A vegetable species can also develop natural barriers against excess 

concentratioils of an element, according to the need and tolerance for it (Kovalesky. 

1969). Due to several factors such as drainage, p1-I the nature of clay minerals. 

antagonistic effects of otl~er ions and the presence of coinplexing agents, very little of the 

total contents of some elements in the soil can be utilized by plants (Brook, 1983). 

Sources of Trace metals in Soil 

Tllere are several sources of trace elei~lents in the environment, both nat~~ral and 

antlvopogenic. Soil parent material (roclts) is the ~latural source wlzile commercial 

fcrtilizcrs, liming materials, scwagc sludgc, animal wastcs, pcsticidcs, irrigation walcr. 

coal combustion residues, metal smelting industries, aulo emissions, and others 

antl~ropogenic sources. (Adriano, 1 986). 

Fate of Trace Elements in Soils 

There are four maill processes for the solution phase coi~centration of trace elements: 

. Ion exchange on layered silicates 

Precipitation reactions 

Sosption to hydrous oxide s~rfaces - Coinplex fori~lation with soil organic matter 



Ionic exchange: Layered silicates in the soils provide pmmnent charges and pI I 

dependent charges which retain trace metal cations by non-specific electrostatic forces. 

These eleinenls compete with Ca and Mg for the available excl~ange sites. Trace 

eleinents are retained to higher concentrations when in lower pI-I systems. At a higl~cr 

pH, metal hydrolysis is inore prevalent and is the dominant reaction. Cd, Cu, Cr, Pb, I-Ig, 

Ni and Zn are the inain trace elements that are of greatest concern on a waste .treatment 

facility (Hagedom, 1 996). 

Prccipibtion reactions: LVhcn 311 element iuldcrgoes a prccipilation rcaciion, a certain 

sequence happens in the process as the concentl.sltion of the ele~nent in solution 

increases. 

eleinents are absorbed on the particle surfaces. 

the reactants are supersaturated in the reaction. 

crystal growth 

The major classes of precipitates fo~ound in soils sure silicates, oxides, carbonates. 

phosphates and sulfates. These precipitates forill salts in the system, which are 1101 

beileficial to the soil system or the waste treatment system. Precipitation reactions are 

coinpletely reversible and still have soine clissolutioii properties even in stable solid 

phases (1-Iagedom, 1996). 

Sorption to Hydrous Oxide surfaces: This process involves the altering of the surface 

cl~arge using adsorbtion or chemisorption. 'Trace eleinents i n  the I'on111 of cations and 

anions will form short directional boi~ds with oxide surfaces (Hagedorn, 1996). 

Complex formation with soil organic matter: Soil organic matter has inany functional 

groups co~~taii~ed in it that can serve as exchange sites. Groups foiund in soil organic 

matter and react with trace eleii~ents will most likely contain either COOH groups or 01-1 

groups. These functional groups help drive the coinplex reactions in the organic matter. 

Trace ineta1 coinpou~~ds are tied up by the highly reactive oxygen groups and hold the 

lnerals in place. 



ealtk: Tile primay routes of exposure of humans to trace elenlents in soil are 

Iliroug~l food and direct illgesiion of soil particles. Soil is the priinary recipient of global 

clllissiolls of trace elements (Pierzynslci and et al., 2000). 

C d  and Pb can have profound l~uman health effects, but means of exposure a 

quite di1-ferent due to their chen~ical behavior in the soil envirolment and 11 

r anges  at which they ocwr in contaminated soils. Cd is readily taken up 1 

nlants and food chain transfer is the primary route of exposure. Two sympton~s of C 

toxicity are renal dysf~mction al~d ifui-itai disease (Pierzynski et al., 2000). 

U S I O C M E M I C A L  PARAMETERS 

Both ICabal and Miilgora Soil extracts wcrc analyzcd lor pH. electric 

conductivity, temperature, total dissolved solids (TDS), Salinity and Resistivity. Most 

the soils showed nornlal pH values. ' h e  physiocheinical results of soil are given in tab 

3.1. 

: Wit11 the illcrease in pH value of soil, the capacity for most trace elements i: 

illcreased, with lnaxilnunl under neutral and slightly alkaline conditioi~s (Adriano 

986) .  pH values of Mingoi-a soil extracts is ranging from 6.82 to 7.1 9 (average = 6.99: 

while in Kabal soil extracts. pH varies from 6.87 to 7.13 (average = 7.00). 



Electrical Conductivity: In Mingora soil samples conductivity ranged from 179.7pS/cm 

to 983 yS/cm. In Kabal soils its concentration ranged from 212 pS/cm to 586 pS/cm. 

Temperature: Temperature of Mingora soil extracts is ranging from 23.2 OC to 27.3 "C 

(average 25 "C). while Kabal soil extracts l~ave temperature in the range of 23 "C to 
,- 

27.7 "C (avcrage = 24.4 "C). 

Total Dissolved Solids (TDS): TDS were calculated in all soil extracts. Its 

concentration is ranging from 95.5 111dl to 523 mgll (average = 224 mg/l) in Mingora 

soils while in Kabal soils TDS concentration varies froln 113 mgll LO 3 11 mg/1 (av~ragc 

= 177 1nd1)- 

Salinity: Salinity in Mingora soils extract varies froin 0.1 to 0.5 (average = 0.2) while 

in ICabal soils it is ranging From 0.1 to  0.3 (average = 0.2). 

Resistivity: Resistivity of Mingora soils varies from 1.01 8 kR/cm to 5.56 kR/cm 

(average = 2.80 kQ/cm) while Kabal soils have resistivity in the range of 1.71 1 1d21cm to 

5.08 kR/cm (average = 3.22 kWcni). 

LIGHT ELEMENT OXIDES 

The light element oxides (i.e., CaO, MgO, NaaO and K20) have been determined 

in the soils of Mingora and Kabal areas and the results are presented in Table 4.2 and 4.3 

respectively. 

Calcium Oxide (Ca0) 

The concentration of Ca in the earth's crust is about 3.6%. the average 

collcentration in soils is about 1.37% (Lindsay, 1979). Ca conI.ent is variable in soils, and 

is largely influenced by parent material and rainfall. Levels in calcareous soils vary from 

less than 1% to more t l ~ m  25% (Tisdale et al., 1985), while in mineral soil it varies from 

0.5% to 2% (Allen (1989). 



The concentration of CaO is ranging from 1.19% to 8.99% (average = 3.1 1%) in 

Mingora soils. Lowest concentration of CaO occurs in mountainous soil of Rahim Abad 

in sample No. MS-17, while maxim~un concentration occ~rrs in sample No. MS-19 

collected from the ino~mlainous soil of Rahim Abad, Mingora. CaO concentration in 

Kabal soils ranging from 2.16% to 8.1 1% (average = 4.81%)). There is no significant 

change in the concentration of CaO in both the soils of Mingora and ICabal area. 

Magnesium Oxide (MgO) 

The concentration of Mg in the earth' crust is about 2,1%, and the average content 

of Mg in soils is 0.5%. This reflects the removal of Mg from soils during weathering 

(Lindsay, 1979). Mg is notably high in serpentine n~inerals whicl~ form soils having a 

distinctive amo~mt of Mg (Proctor & Woodell. 1975). 

MgO is ranging from 0.6% to 29.23% (average =lo%) in the soils of Mingora 

area while MgO in the soil of Kabal area varies from 0.70% to 4.66% (average 2.33%). 

The highest concentration is present in the Sample No. MS-14 collected from Hayat 

Abad, Fizagat in Mingora area. While the lowest concent.ration is present in the sample 

No. MS-21-By collecled fiom agricultural soil of Ral~iin Abad in the Mingora area. I 

Kabal area, the lowest concentration occurs in the sample No. KS-50-B, collected from 

Landay village and the the higher concentratio~l is reported in the sample No. ICS-52. 

collected from Meelagah-Kotlai. It is clear from the Tables 4.2 and 4.3 that the soils of 

certain areas of Mingora area highly enriched as compare to that oPKabal area. 

Sodium Oxide (Na20) 

The concentration of Na20 in the soil of Mingora area varies from 1.03% to 

2.42% (average = 1.54%). While its concentration in the soil of ICabal area is ranging 

from 1.07% to 2.68% (averagc = 1.60%) at Kabal. The maximum concentration of  

NazO is present in the sample No. MS-16-A collected fiom agricultural soil of ICanra 

Baba, and the minimum concentration is present in the sample No. MS-19 collected 



mountainous area of Rahim Abad, in the Mingora area. In Kabal area, the maximum 

content of Na20 is reported in sample No. 1<S-35-A, collected from Kanju village and 

miniill~m contents are reported in sample No. KS-53, collected fi.0111 Meelagah-Kotlai. 

The Na20 concei~trations in both the soils of Mingora and I<.abal area are more or less 

similar (Table 4.2 & 4.3) 

Potassium Oxide (KzO) 

The concei~tration of K20 in the soil of Mingora arca is ranging li.0111 0.36% lo 

2.38% (average = 1.47%). While in Kabal area the K20  contents of the soil varies from 

0.49% to 3.59% (average = 1 .%I%). The K20 contents of the soils of Mingora and 

ILabal arm tu.c similar (Table 4.2 Si 4.3). 

HEAVY AND TRACE ELEMENTS 

The coi~centrsltion of heavy and trace eIements (i.e., Fe, Cu, Pb, Zn, Ni, Cr, Co 

and Mn) has been determined in the soil of Mingora and Kabal areas (see chapter 2). The 

results are given in the Table 4.2. and 4.3. 

Iron (Fe) 

Iron is one of the inajor constit~~ents of the lithosphere and comprises about 55%. 

being concentrated in inafic roclts. Global abundance of Fe is'calculated to be about 45%. 

In soils, Fe mostly occur in the foims of oxides and hydroxides as small particles or 

associated with the surfaces of other minerals. While, in soil horizons rich in organic 

matter, Fe is mainly in chelated form (Kabata-Pendias and Pendias, 200 1). 

The most important oxidation states of iron are ~ e ~ '  and ~ e " .  The human body 

contains 60-70 mg/kg of Fe. This is approximately twice the level of the total body zinc 

and more than 20 times that of copper. Most of  the body iron exists in complex fomx 

bound to protein, either as porphyrin or I~aeme compounds. Haemoglobin iron occupies a 



domillant role in all animals (60-70% of body iron in man). The highest concentratio~ls of 

Fe are in liver, spleen, kidney and heart. (Hi~~imelhoch, et al., 1966). 

The coilcei~tration of Fe in the Mingora area is ranging from 12499 mglkg to 

38763 111g/kg with an averagc aillount of 253% mg/kg while in the soils of Ihbal  arca thc 

Fe varies froin 20921 mg/kg to 43613 mgllig with an average amount of 29721 mdkg. It 

is clear from the Table 4.2 and 4.3 that the soiIs of Kabal area are relatively enriched in  

iron as c0mpsu.e to that of the Mingora area. 

Copper (Cu) 

Copper is a reddish metal that occurs naturally in rock, soil, water, sediment, and 

air. Its average concei~tration in the earth's ~ ~ ~ 1 s t  is about 50 nl&. Copper also occurs 

naturally in plants and animals. It is an essential elenlent for d l  known living organisms 

including humans and other animals. (Enviroimental Bureau of Investigation, 1997). 

Soil generally contains bctween 2 - 350 mg/kg coppcr, nltliough col~ccnlrations 

close to 7000 mglkg have been found near copper production facilities. Another coil~inon 

source of copper in soil results from spreading sludge from sewage treatnmlt plants. This 

copper generally stays strongly attached to the surhce layer of soil (Environmental 

Bureau of Iiwestigatioa, 1997). 

Cu in the earthYs.crust is most abundant in maiic and intermediate roclcs and has a 

tendency to be excluded from caboqate rocks. Cu is considered among the more inobile 

of the heavy metals in hypergenic processes. CLI in soil exhibits a great ability to 

chemically interact with ininera1 and organic conlponents of soil. CLI ions can readily 

precipitate with various anions such as sulfide, carbonate and hydroxide. Thus Cu is 

rather iinrnobile element in soils and shows relatively little variation in total contcn~ in 

soil profiles, but it is abundant in soil. However the  nob bile and available forms of CLL in 

soils are of great importance in agronoinic practice (Kabata-Pendias & Pendias, 200 1). 





Lead (Pb) 

The average abundance of Lead in the earth's crust is about 15 mglkg. The 

terrestrial abundance of Pb indicates a tendency for Pb to concentrate in the acid series 01' 

magmatic roclts and argillaceous sediments in which the conmon Pb coilcentrations 

range from 10-40 ing/kg, while in ultramalic rocks and calcareous sedinlents its range is 

fi.0111 0.1 to 10 mgkg. 100-to 500 mdkg of Pb co~icentrations in soils is considered to be 

toxic to plants (Icabata-Pendias & Pendias, 2001). 

Lead is highly toxic and is naturally available in all enviroilinental media in slnall 

concentrations. It is probably the most serious atmospheric pollutant and is a serious 

cunlulative body poison. A significant part of lead particles Srom emission sources is in 

the sub-microii size, which can be transported over large distances. Mining, smelting and 

processing of lead and lead-containing metal ores generate the majority of lead einissions 

from stationary sources. Decreasing use of leaded gasoline and illcreasing use of coal will 

probably result in its replacement by mercury as the mosl. troublesoine atmospheric 

pollutant (JICA, 2000). 

Wealth Effects: The mail1 pathways of lead to humans are: ingestion and inhalation. 

Chronic exposure to lead causes weight loss, constipation and teeth loss. Children up to 

about six years of age constitute the population group that is at the highest risk fi-om lead 

exposure through ingestion. The USEPA and EU sct lead coi~~:entratition i n  ambienl air as 
3 3 1.5 pg/m and 3 pg/m' respectively, bascd 011 qunrlcrly weragl:. (JIC.1. 3000). 

The Pb coilcentration in the soil of Mingora area is ranging from 34 mdkg  to 98 

mg/l<g with an average anlo~u~t  of GO ing/kg while the soils of Kabal area have its 

concentration in the range of 34 n~gikg to 93 111gAcg with an average amount of 52 mglkg. 

I11 most of the soil samples in both Mingora and Kabal area the concentration of Pb is 

below 80 ~ng/kg, however, in few sainples in both the areas the Pb exceeds this limit. 

Zinc (Zn) 



Zinc is one of the most common elements in the earth's crust. It is found in the air, 

soil, and water and is present in all foods. 111 its pure elemental form, zinc is a bluish- 

white shiny metal. It also exists as a variety of salts and coinbines with other elemcnts, 

such as chlorine, oxygen, and sulfur, to form zinc compounds (Environmental Bureau of 

Investigation, 1997). Most zinc ore I'ound natulrally in the environmell~ is in the l'orm 01' 

zinc sulfide. It is an essential element for life when present in trace amounts. Too little 

zinc in the diet can lead to poor l~ealth, reproductive problems, and Iowered ability to 

resist disease. Too much zinc can be harn~ful to Ixallh. 

Zinc is one of the most corninonly used metals in the world. Its major uses are Sor 

galvanizing steel, producing alloys, and for serving as an ingredient in rubber, ceramics. 

and paints. Zinc compounds are also used to preserve wood <and in manufacturing and 

dycing S~ibrics. Zinc chloriclc is ~ 1 1 ~  inqjor ingrcdienl in smolw Ssom smokc bombs. Zinc 

con~pounds are used by the drug industry as ingredients in some comlnon products, such 

as sun blocks, diaper rash ointments, deodorants, athlete's foot preparations, acne and 

poison ivy preparations, and anti-dandrul'S shampoos (1hvironmcntaI Uurcau ol 

Investigation, 1997). 

Most zinc enters the eiwiroilnlent as the result of human activities, such as 

mining, purifying of zinc, lead, and cadmiuin ores, steel production, coal burning, and 

burning of wastes. Zinc may enter the enviroilment in the cliscl~arge from galvanizing 

plants, as a leachate from galvanized structures and natural ores, and from municipal 

waste treatinent plant discharges. Zinc conlpounds that may be found at l~azardous waste 

sites include zinc chloride, zinc oxide, zinc sulfate, and zinc sulfide (Environi~~ental 

Bureau of Investigatioi~, 1997). 

- 
The level of zinc in soil illcreases mainly from disposal of zinc wastes fioni metnl 

mailufacturing industries and coal ash from electric utilities. In air, zinc is present mostly 

as fine dust particles which eventually settles over land and water. Rain and snow aid in 

removing zinc from air. Most of the zinc in soil is bound to the soil and does not dissolve 

in water. I-Iowever, depending on the characteristics of the soil, some zinc may reach 



groundwater. Zinc may be taken up by animals by drinking or eating soil and other 

animals containing zinc (Envirolmental Bureau of Investigation, 1997). 

Zinc can enter the body tlirough the digestive tract by ingestion of zinc-containing 

food or water. Zinc can also enter through inhalation of zinc dust or funes from zinc- 

snlelting or zinc-welding operations. The amount of zinc that passes directly through the 

skin is relatively small. Zinc is stored tlirougl~out tllc body. Zinc increases in blood and 

bone most rapidly after exposure. Zinc may stay in the bone for many days after 

exposure. Nomally, zinc is excreted through iirine and feces. 

Health Effects: Average daily zinc intake through diet generally ranges from 7 to 16.3 

mgllcg. Food may contain levels of zinc ranging from approximately 2 mglkg (e-g., lcafy 

vegetables) to 29 rnglkg (meats, fish, poultry). Zinc is also present in most drinlcing 

water. High-level exposure to zinc may also result from taking too illany zinc dictary 

suq~pleinents. Fetuses and nursing children insly be exposed to the zinc in the blood or 

milk of their mothers. 

Large doses of zinc (1 0- 15 tiines higher than the RDA) taken by nlouth even for a 

- - short time may cause stomach cramps, nausea, a id  vomiting. Ingesting high levels oi' 

zinc for sevel-a1 nlonths may cause anemia, damage the pancreas. and decrease levels o f  

high-density lipoprotein (HDL) choleslerol. I-Iurml'ul hcalth el'fwts generally begin a1 

levels from 10-15 times the RDA (in the 100 to 250 mglday range). Inhaling large 

amo~lnts of zinc (as zinc dust or h n e s  from sinelting or welding) can cause a specific 

short-tern1 disease called metal fume fever. This is believed to be an iillnlune response 

&ecting the lungs and body temperature. Very little is known about 111e long-tern ef'1'ec~s 

of breathing zinc dust or fumes. High exposure to zinc dust can cause cough with 

phlegm. Skin irritalion will probably occur i n  people exposed to some zinc compouricls. 

Metal particles can irritate the eyes. (Environmental Bureat1 ol' Illvestigation, 1997). 

The concentration of Zn is ranging from 10 mg/kg to 142 mgllcg (average = 58 

mgllcg) in the soil of Mingora area. Its concentratioii in the soil of Kabal area is ranging 

from 12 niglkg lo 405 mg/ 1 (average = 72 mg/lig). The maxinium Zn contests n x  



reported in the sample No. MS-2 1 -A, collected from the agricultural soil of Rahim Abad 

in Mingora area and in sample No. 1<S-59-B collected from Kotlai village in Kabal a m .  

, However, high coilceiitration of Zn contests are noticed in the sample Nos. MS-G, MS- 

15-B, MS-16-A and MS-21-A collected from soils of Mingora area and in sample Nos. 

KS-38, KS-45-B, KS-57,A, KS-58-B, KS-59-A and KS-59-B in the soil of Kabal area. 

Nickel (Ni) 

Pure niclcel is a hard, silvery white metal and is a very abundant element. Nickel 

combined with other elements occurs naturally i 11 the earth's crust, primarily combinc.cl 

with oxygen (oxides) or sulfur (sulfides) and is found in all soils. Because nickel attaches 

to particles that contain iron or manganese, it is o f  en present in soil and sediments. 

Health Effects: Exposure to niclcel occurs tllrough breathirlg air or sinoking tobacco 

containing nicltel, eating b o d  containing nickel (the inajor source ol' cxpos~ire for most 

people), drii~king water which contains nickel, handling coins and touching other metals 

containing nickel (Environinental Bureau of Iilvestigation, 1997). 

A minor mlount of nickel is essential for humails, although a lack of nickel has 

not been found to affect the health of humans. The most co i~ l i~~on  adverse l~ealth effect 01.' 

nickel in hunians is m allergic reaction. People can become sensitive to nicl<el when 

jewelry or other things containing this inetal come into direct contact with the skin. Once 

a person is sensitized to nickel, further contact with it will produce a reaction. Syillptoi~is 

iilclude burning, itching, redness and buinps or other rashes.. A rash may spread to other 

areas and last for weeks after exposure stops, but usually improves in about a week. Less 

frequently, some people who are sensitive to niclcel have astl~ma attacks following 

exposure to nickel. Eye or skin contact may cause irritation. Lung effects, including 

clronic bronchitis and reduced lung f~mction, have been observed in workers who 

inhaled large aiilounts of nickel. High exposure can cause cough, shortness of breath and 

fluid in the lungs, which is soinet i~~~es  delayed for 1 to 3, days after expos~u-c 

(Enviroiunental Bureau of Ii~vestigation, 1997). 



Single high or repeated lower exposures may damage the liungs. with scarring of' 

lung tissues, and may cause damage to heart muscle, liver a i d o r  kidney. Fumes from 

. heated nickel can cause a pneumonia-like illness, with cough and shortness of breath. 

Higher exposures can cause a build-up of lluid in tlne lur~gs (pulmonary edema), a 

medical emergency, with severe shoi~ness of breath. Exposure to nickel can cause a sore 

or hole in the "bone" dividing the inner nose (septum). Nicliel and certain nicltrl 

compo~inds may reasonably be anticipated to be carcinogens. Cailcers of the lung. nasal 

sinus, and throat have resulted when workers breathed dust containing high levels of 

niclcel connpou~nds while worlcing in niclcel refineries or nickel processing plants. 

Carcinogens may also have the potential for causing reproductive damage in l~umans. 

Nickel inay dainage the developing fetus (EnvironmentaI Bureau of Investigation, 1997). 

The Ni concentration in tlne soil of Miingora area is ranging from 207 mg/kg to 

2341 mglkg with an average ai~lount or7238 111gllig while the. soil 01' Kabal area has Ni 

conten~s in the range of 136 mgkg to 302 mg/lcg with an average amount of 3 1 1 mglkg. 

The Mingora soil is relatively more enriched as coinpare to the soil of Kabal area. In 

certain areas of Mingora the soil has very lnigln ainount (> 1000 mglkg) of nickel (Table 

4.2). 

Chromium (Cr) 

Chromium is widely distributed in the earth cr-~ist and it has an average 

concentration f 125 mdlig in the contiilental crust. Cr is inherited lioii~ parent rocks and. 

therefore, its higher concentration in soils is derived from in~afic and volcanic rocks. Soils 

- - on ultramafic rocks are know11 to contain as much as 0.2 to 0.4% Cr, and these soils are 

said to be irlfertile (Kabatn-Pendias & Pendim, 1999). Sandy soils are usually poorest in 

Cr. Chromium shows Iiigldy variable oxidation states i.e., c?+ and crGC and it f o r m  

complex anionic and cationic ions (e.g., c~(oH)'+ . C~O"~ ,  CSO.'-~). The immobility of 

soil Cr rnay be responsible for an inadequate Cr supply to plants. cP+ in soils is toxic to 

plants and animals (Kabata-Pendias & Pendias, 200 1). 



Cr content of surface soil is increased due to pollution fiom various sources, e-g., 

industrial wastes and municipal sewage sludge, Liming, P application and organic matter 

. are known lo be effective in reducing chromate toxicity i n  CI--polluted soils. IT 

contamination is by cr6*, acidification and then reducing agents (e.g. S and leaf litter) 

could be used to speed the ~ r "  reduction (Grove & Ellis, 1980). 

Health Effects: Chroinium is an essential nutrient required for normal sugar and fat 

metabolism and works primarily by eiw~ring iilsulin acts correctly. It is present in d ~ e  

entire body but with the highest concentrations in the liver, kidneys. spleen and bone, 

cr6+ is lnore readily absorbed from the gastrointestinal tract than cr3+ and is able to 

penetrale cellular membranes. It is considered as huinan carcinogen. 0.05 mgkg  is 

considered to be unlil<ely to give rise to significnn~ risks to hedtli (WfIO, 1993). C~I-onic 

exposure to l~igh Cr levels has been conelated to lung cancer in inan and liver and kidney 

damage in animals (I~immelhoch, et al., 1966). 

The Cr concentration in the soils of Mingora area are ranging fiom 3 11 mglkg to 

5647 mgkg with an average amount of 973 mgllcg while the soils of Kabal area are 

having Cr in the range of 123 mgllcg to 679 mgkg with an average amount 3 14 mgllq. It 

is clear from Tables 4.2 and 4.3 that the soil of Mingora is highly eilriclled in the Cr as 

compare to that of the soil of Kabal area. In Kabal area the Cr concei~tration is ge~~erally 

less than 1000 ingllcg. I11 Mingora area the concentration of Cr in the soil is less than 

1000 mglkg but in certain samples (i.e., MS-5, MS-6, MS-9, MS-1 0, MS- 1 1, MS- 12, and 

MS-14) it exceeds 1000 mdlig. Anlong fllcsc two sainplcs such as  MS-11 and MS-1-2 

have the concentration of Cr reaching upto 4035 mg/lcg and 5647 mglkg respectively. 

Cobalt (Co) 

Cobalt, a natural elei~~ent present in certain ores of the earth's crust, is essential to 

life in trace amounts. Tt esists in the for111 of various salts. 'Pure cobalt is an odorless. 

steel-gray, shiny, hard metal. Everyone is exposed to low levels of cobalt in air, water. 

and food. An average of 2 g/l in drinl<ing water has been estimated. Cobalt l ~ a s  both 

beneficial and harmfi~l effects on l~ealt l~ (Environmental Bureau of Investigation, 1997). 



Important natural sources of cobalt in the environtnent are soil, dust, and 

seawater. It is also released to the eiwironn~ent from burning coal and oil. The water 
# .  solubility of cobalt and its salts range from higllly soluble to practically insoluble and it 

can be transferred from. the soil to underground water and also the plants grown on it. 

Cobalt and its salts ase highly persistent in water, with a half- life greater than 200 days 

(Environn~ental Bureau of Investigation, 1997). 

Health Effects: Effects on the lungs, including asthma, pneulnonia, and wheezing, have 

been found in worlcers who breathed high levels of cobalt in the air. 

Drinking large quantity of Co causes nausea, vomiting, and serious effects on the 

heal?. Exposure can cause a severe allergic lung reaction with coughing, wheezing, chest 

pain and shorti~ess of breath. The Intesnational Agency for Research on Cancer has 

determined that cobalt is a possible carcinogen to humans. Repeated exposure can cause 

scarring of the lungs (fibrosis) even if no symptoms are noticed. Cobalt dust may irritate 

eye, nose, rno~~th, throat and the skin, causing a rash or burning feeling on contact. High 

levels of Co can irritate the lungs, causing a build up of fluid (puln~onary edema). Cobalt 

compounds may cause mutations (genetic changes) in living cells. Exposure to ionizing 

radiation is associated with an increased risk of developing cancer. Smle  isotopes of Co 

emit ionizing radiation (Environmer~tnl Bureau of Investigation, 1997). 

Cobalt occurs in the range of 12 mglkg to 32 mgllcg with an average anount of 19 

mg/kg in the soil of Mingora area. While in the soil of Kabal area it varies from 4 mg/lig 

to 32 mgkg with an average amount of 17 mglkg. The soils of both the areas have more 

or less the same concentration of Co (Table 4 . 2  & 4.3). 

Cadmium (Cd) 

Cadmium is a soft, ductile, silver-white. metal. It is naturally occurring in soils, 

water and plants (Adriano, 1986). Soils derived fiom igneous roclcs contain lowesi Cd 

(<0,1 to 0.3 mglkg), soils derived from metamorphic roclcs contain intermediate Cd 

" concentration (0.1 - 1.0 mgllcg), and soils derived from sedimentary roclts contain the 



largest quantity of Cd (0.3 - 1 I ingkg) (Page and Binghain, 1973). Cd is quite iminobile 
" in the soil profile. It always occurs in combination with zinc. Naturally a very large 

- , anlount of cadmium is released into the eavironmeiit, about 25,000 tons a year. Cadinium 

strongly adsorbs to organic matter in soils. When cadmium is present in soils, it can be 

extremely dangerous, as the uptalce tl~rough food will increase. Soils with low pH values 

enhance the cadmium uptalce by plants. This is a potential danger to the aniimls 

dependent upon the plants For S U I - ~ ~  val. 

Huinail uptake of cadmium takes place inaiilly through food. Cadmium is first 

transported to the liver thi-ougll the blood. There, it is bonded to proteins to form 

complexes that are transposted to the kidneys. It accumulates in kidneys, where it 

daimges neplxons. Other l~ealth effects caused by cadmium are: diarrhoea, stomach pains 

and severe vomiting, bone fracture, reproductive failure and possibly even infertility and 

damage to the central nervous system etc.(Agarwal, 2002). 

The Cd coilcentration in the soils of Mingora area varies from 2 mgkg  to 4 mgkg 

with an average amount of 3 mg/kg while the soils of Kabal area have Cd in the range 2 

mg/kg to 4 111g/l<g with'an average amount of 3 mg/kg. It scems that both the soils oi' 

Mingora and Kabal mea have geilerally Cd up to 3 mg/kg. 

Manganese (Mn) 

Manganese is one of the most abundant trace elements in the lithosphere, and it is 

ranging fronl 350 to 2000 ing/kg in rocks. Its highest concentrations are us11 ally 

associaled with inafic rocks. Mn exists i~~ost ly  as ions ~ 1 1 ' ~  and ~ n "  or ~ 1 1 ' ~  but its +? 

oxidation state is most frequent in the rock forming silicate minesals. The cation MI;' is 

known to replace the sites of some divalent cations ( ~ e + ~ .  M ~ + ~ )  in silicates and oxides. 

Mn is essential in plant nutrition and controls the behavior of several 0 t h  

micron~ltrients. It has considerable effect on pH of soil (Kabata-Pendias & Pendias, 

200 1). 



ealth Effects: The human body mailganese content is estimated to be 12-20 ~ngil\>~. Its 

l igh contents in the human body may cause health related hazards. 111 patients with 

rheumatoid arthritis the Mn level in the red blood cells is significantly raised 

(Himmellmclz, et al., 1 9GG). 

The value of Mil i n  soils oi'Mingosa varies from 36 11-1gIlc2 to 1 1  1 mglkg with an  

average amount of 65 mg/kg while its concentratioil in soil of Icabal area is ranging fi-om 

45 mglkg to 105 mg/kg with an average anio~int 01 69 mglkg. Both the soils of Mingora 

and Kabal area have more or less similar amount of Mn. 
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Continued from Table 4.1. 

KS-50-A -- 
KS-50-B 

KS-5 1 

I<S-52 

I<S-53 

KS-55 

I<S-57-A 

KS-57-B 

KS-58-A 

KS-58-B 

KS-59-A 
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Continued from Table 4.2. 
( Sample I CaO I MgO I Na20 I K 2 0  

Average 3.11 1 9.66 1 1.54 1 1.47 
ND = Not detected; MS = Mingora Soil 



Table. 4.3. Light element oxides and trace and heavy metals in the soils of Kabal area (oxides are in wt % and the trace and 
heavy metals are in mgfkg). 





Table 4.4. Light element oxides and trace and heavy metals in reference soils of Mingora (oxides are in wt Oh and the trace - 

and heavy metals are in mglkg) 
Sample 
Code 

MS-24 

MS-26 

ND = Not detected; MS = Mingora Soil 

CaO 

2.42 

1.94 

MgO 

1.07 

0.07 

NazO 

1.54 

1.47 

K 2 0  

0.5 

2.13 

Fe 

2321 

2603 

Cu 

18 

7 

Pb 

13 

5 

Zn 

17 

2 

Ni 

15 

42 

Cr 

18 

56 

Co 

2 

2 

Cd 

0.651 

0.603 

Mn 

ND 

8 6 



The field of biogeochemistry iilvolves scientific study of the chemical, physical, 

geological, and biological processes and reactio~ls that govern the composition of the 

natural environment (including the biosphere, hydrosphere, pedosphere, atmosphere, and 

lithosphere), and the cycles of matter and energy that transport the Earth's chemical 

coinponents in time and space (Widipedia, 2006). 

The distribution of heavy metals in natural soils can affect the plant species 

growing in an area. These species have, therefore, been used successf~~lly as tracers in  

mineral prospecting and eilvironi~~ental degradation in many areas. The mechanism oi- 

accumulation of a substance or its enriclm~ent, in relation to its enviroizment, o h 1  

involves additional energy consumption and increased enzyme activity (Brook, 1983). 

Lower and higher plants are iilcluded as the accunlulative organisms. A biological 

absorption coefficient value, or the ratio between the concentration of a given element in 

plant and soil, decreases exponentially with the increase of concei~tration in soil (Brook, 

1983). A vegetable species can also develop natural barriers against esccss 

concentrations of' EUI element, according to the need and tolerance for it (Kovalesky 

1969). Due to several factors such as drainage, pI-I the nature of clay minerals. 

antagonistic effects of other ions and the presence of complexing agents, very little or  thc 

total contents of some elements in tlie soil can be utilized by plants (Brook, 1983). 

/ 

Around the world, ~lltrainafic outcrops ase characterized by altered vegetation 

forms: endemism, indicator species, edaphic races (Knu:leberg, 1992). Why do 

ultramafic support such unique plant species commui~ities'? This question has been 

scientifically investigated since the begiiming of the 20th century and physical, chemical 

and biological components have been isolated to determine a cause. Much of the 

scientific work has gone into determining plant response: to ultra~nafic chemistry 



including tissue analysis, nutrient cultures and field and greenhouse trails with fertilizers. 

There are several vegetation studies to determine patterns in plant conmunities (e.g., 

' . Cgoke 1994). The synthesis of these varied works gives the impression that there is 110 

single factor that describes the effect(s) of ultramafic rocks on plants. Instead, there must 

be a host of factors, that may or may not be present on a given site, that culminate to 

create the "serpentine effect" (Kruclteberg, 1992). 

As in all organisms, metal cations are crucial for nutrition in plants. Several 

metals, such as copper, iron, zinc, and manganese, act as important cofactors For many 

enzymes and are essential for both mitochondrial and cl~loroplast functions. However, 

when supplied in excess, these essential cations can become toxic, like heavy metals with 

no generally established function, such as cadn~ium, lead, or mercury (Clemens, 200 1 ; 

I-Iall and Williains, 2003). 

Macro and micronutrients in plants 

Macronutrients are the elements, which are required in relatively large quantities 

e.g. Na, K, Ca, Mg etc for the proper growth of plants and proper f~~nctioning of human 

body. 

Micronutrients are the trace and heavy elements required in ininor quantities (e.g 

Cu, Zn, Cr etc.) for proper growth of plants as well as proper functioi~ing ofl~uman body. 

The excess or reductions of these micronutrients or trace metals may negatively affect 

plant as well as huinan life. 

Review of effects of Trace metals in Plants 

The reaction of plants to chemical stresses are caused by deficiencies and 
.# 

excesses of trace elements, cannot be defined exactly because plants have several 

biochemical mecl~anisms that have been resulted in adaptation to tolerance of new or 

chemically imbalanced envirolunents, Therefore, plant responses to trace eleinents in the 

soil and ambient air always needs to be investigated for the particular soil-plant system 

( Kabata-Pendias &d Pendias, 200 1). 



Plants reveal various tendencies in the uptake of trace elements. Three general 

uptake characteristics can be distinguished: accumulation, indication and exclusion. To a 

large extent, this depends on the specific ability of plants and huge differences in metal 

uptake between plant species. Also between genotypes of a species, great variabilitiess 

have been demo.astrated in many studies (Simon, 1999). The most common plants tested 

for phytoremediation have been listed by Felix el al. (1 999) such as Alyssstm mwrale, 

Thlaspi caerulescens, Nicoticina tobnccunz, Zea nzoys, B~nssicct juncea, and S~~lix 

viminulis. The ability of several agricultural crop'species, such as mustard, radish, turnip, 

rape, and amaranth, to accumulate higher anounts of some metals like Cd, Cr, Cu, Ni and 

Zn has been well iilvestigated (Simon, 1999). 

Plants able to take ~ r p  metals above established background concentrations and 

more Ihan other species from the same soils are called I~yperaccui~~~~lalors.  Tl~esc arc 

mainly populations of species found in soils rich in metals either due to geocheinical 

parameters or due to pollution. I-Iyperaccuinulators usually have a low bioinass because 

they use inore energy in the mecl~anisms necessary to adapt to the high metal 

conceiltrations in the tissues. Plants that highly accum~date metals are used in 

phytoremediation programs (Ehoolts, 1998; Prasad, 1997). 

A number of plants are known as medicinal herbs, used for c~u-ing illness. 

Although a curative agent is ixainly associated with organic compounds such as 

glycosides or alkaloids, trace elelmilts can have additional iinl~act. Most medicinal plants 

belong to a ltind of weed that can accumulate a greater amount of trace eleinents than 

other plants. A good example is dandelion often used in herb inedicine and also as a 

nutritional plant. However, dandelion grown in a polluted enviro~mlent, takes up many 

inore trace metals than other plants, from both ariel and soil :;ources (Kabata-Pendias & 

ICrakowiak, 1 99 8) J 

In general the chemical coinpositioil of plants reflects the eleinental colnposition 

of the growth media. The extent to which this relation exists, is highly variable and is 

governed by many different factors. The common concentrations of trace elements in 

plants growing on various non-polluted soils show quite a large variation for each 



element. It is observed that sea plants contain more Al, As, Br, C1, I, Sr, V and Fe (011 a 

dry matter basis) than terrestrial plants (Hou et al., 1998). 

Sources of trace elements and their uptake by plants: The main sources of trace 

elements in plants are their growth media, e.g., n~~trient solutions or soils. One of the 

inost inlportmt factors that determines the biological availability of a trace elenlent is its 

binding to soil constituents. Generally plants readily take up the species that are dissolved 

in soil solutions in either ionic or chelated or complexed forms. Much have been written 

on the absorption of trace elements from solutions by Moore (1 972), Loneragan (1 975), 

Mengel and I<islcby (1978), Wild and Jones (1988), etc. this absoiytion can be 

sunmarized as follow: 

It usually operates at very low concentrations in solutions. 

It largely depends on the concentrations in the solution, especially at low 

ranges. 

The rate depends strongly on the occurrence of H+ m d  other ions. 

The intensity varies with the plant species and stage: of development. 

The processes are sensitive to some properties of the soil e~~vironment such as 

temperature, aeration, elc. 

It may be selective for a particuIar ion. 

The accunlulation of some ions can take place against a concei~tsation 

gradient. 

Mycorrlizae play an important role in cycling be:tween external media and 

roots. 

Generally the uptake o r  trace elements by plants is effected, in addition to plant 

specific ability, by soil factors like pH, water reginie, clay content, organic matter 

content, cation exclmnge capacity, nutrient balance and concentration of' other Lmcc 

elements. Also, clinlatic condi~io~zs are shown to influence the rate of trace illeta1 uptakc, 

which may be partly an indirect i~npact due to the water flow pl~enomenon. Generally 

higher ambient temperature influences a greater uptake of trace eleinents by plants. The 



metal nbsol-l,tion in plants is through root and foliar uptake (]Cabala-Pendias 6c. Pendins. 

200 1) 

A .  . ~h~totoxicities: Vegetation can be used as a useful indicator of heavy metal 

contamination in an environment in that root uptake of metals can integrate 

eiwironmental levels across both spatial and tenlporal scales. Heavy metal slccu~nulation 

by vegetation can be further magniiied within ecosystem via food webs (Pug11 et al., 

2002). 

Phytotoxicities refer to reduce yields or death of plmts by substances in soil. 

Sylllptollls for trace element-induced phytotoxicities include stunting, cl~lorosis, necrosis, 

and death of the plant. Trace eleillents mostly associated with phytotoxicities are Cu, Ni, 

and Zn. Copper will generally remain on leaf surfaces for 1-2 .weeks, or until it is washed 

off by rain or overhead irrigation. It is always present at a background level, but can be of 

concern in situatioiis of heavy agronomic use of copper compounds. Pliytotoxicity 

probleins are of colicern for two primary reasons. First, the reduction in soil quality 

induced by elevated trace eleinents concentratious that reduce both the quantity and 

quality of food produced from that soil. The second reason relates to areas where 

vegetation is sparse because of trace element phytotoxicities so that wind and water 

erosion can occur uninl~ibited. Tl~ese conditions often exist aro~lnd sites where metal 

mining or smelting once took place (Pierzynski, et al., 2000). 

Plants collected from inafic and ultrainafic terains of Mingora and Kabal were 

investigated for trace and heavy inetals as well as light element cations. Plant species of 

ten families were collected from the Mingora and Kabal areas (Annex-2). The 

photograpl~s of various plants ase given u? Plale 1 to Plate 10 (Annex-3). 

About 47 samples of plants, including reference plaiztsjwere analyzed for the macro and 

micron~~trients (Chapter 2) and the results are given in Table 5.1 and 5 2. 



MACRONUT' IENTS OR LIG T ELEMENT CATIONS IN 

' .  
- STUDIED PLmTS 

Calcium (Ca) 

Calcium itself is relatively non-toxic to plants although it is well laown that 

disorders like chlorosis can be induced in some species by excessive liming of soil. 

Calcium deficiencies may occur in alumii~uin saturated acidic and magnesium serpentine 

soils. 

Calcium concentration in all plants is ranging froin 287 ingllcg in sample No. MP- 

15 (Orjza sntivn), collected from Ilayat Abad in Mingora area to to 20645 mgkg in 

sample No. MP-22 (Cannabis sativcr), collected from Rahim Abad, Mingora. 

Magnesium (Ng) 

Magilesium is niacronutrient wit11 distinctive fbnctions in plants where it is a 

structural component of clzlorophyll pigments. Unlike ca2+, levels of free ~ g ~ +  are not 

unduly low cytoplasm where it activates a much wider range of enzyme systems and is 

iizvolved in ATP- dependent reactions. (Allen, 1989). 

Mg content in studied plants is ranging from 11 nigkg in saillple No. MP-4 

(Otostegia 1irnbntaJ of Labiateae, collected from Maluk Abad, Mingora, to 71 19 mgkg  in 

sanlple No. MP-13 (Debergeasiu sulicifolia) of Utricaceac at Mingora mines area 

towards Fizagat. 

Sodium (Na) 

d 

Amount of Na is ranging fi-om 22 mg/kg in sample No. KP-38 (Saccharurn spp.) 

of Poaceae, collected from Deerai Baba, ICanju, to 287 ing/lcg in sanlple No. MP-19 

(Isodon rugosus) of Labiateae, collected fi-om mo~u~tainous area of Rahinl Abad, 

Mingora. However, higher amount (380 nigkg) of Na is reported in the reference sample 

of Polygonaceae. 



Potassium (K) 

Potassium coilcentration in selected planl families is ranging froin 69 mg/kg to 

26044 mg/kg. Low I(. contents are observed in MP-3 of Sapindaccae collected Srom 
/ ' ~ a l u l c  Abad in Mingora area, while highest K (26044 m a g )  is found in Zea rncgty of 

Poaceae, collected from agricultural field in Kabal area. 

CRONUTRIENTS OR TRACE AND HEAY METALS LN STUDIED 

PLANTS 

The concentr~~tioii of Fe, Cu, Pb, Zn, Cr, Ni, Co, Cd and Mil were determined i n  

all selected plant families, including Poaceae, Papilionaceae, Polygonaceae, Labiateae, 

Aesteraceae, Sapindaceae, Utricaceae, Cmnabinaceae, Simantbaceae and 

Amarantl~aceae. All the plants were gro~yed into their respective families. Following are 

results of the above-mentioned trace elenients in plants. 

Poaceae 

Iron (Fe): Fe coilcentration in Poaceae species is ranging from 171 9 ing/kg in sample 

No. KP54 (Dicanlhium ~rnn~htzlm),  collected horn Meelagah-Kotlai to 5744 mg/lcg in 

sample No. ICP-46 (Zen mnys), collected fiom Kabal village. 456 mgkg of Fe 

concentration is reported in reference sample. The average concentration of Fe (3079 

nlg/kg) in Poaceae is much higher than reference sample. 

Copper (Gu): Cu coaceiltration in Poaceae species is ranging from 7 mghg in sample 

No. MP 15 (0gm S L I I ~ ~ L I ) ,  collect~cl Srom Ilayal Abacl in Mingora to 69 mg/kg in samplc 

No. KP57 (Zea nznys) Meelagah-KotIai in Kabal area. 6 mg/kg of Cu conceiltration is 

reported in reference sample. The average Cu concentration (30 mglkg) in Poaceae is 

higher than the reference sample. !J 

Lead (Pb): Pb concentration in Poaceae species is ranging fi'cnn 3 111gllcg in sainple Nos. 

ICP-38 (Succhu~~um species) and KP-35 (Zea mciys), collected from Deerai Baba, Knaju 

and Icanju village respectively to 9 mg/kg in sample No. MP-12 (Sclcclzarum species), 



collected from emerald inine area, Fizagat. The concentratioi-r of Pb in reference sample 

is reported as 3 mglkg. The average concentration of Pb (5 inglkg) is higher than the 

reference sample. 

Zinc (Zn): Zn conceiltration in Poaceae species is ranging from 4 mglkg in sample No. 

MP-15 (Oryza sativa), collected from Hayat Abad in Mingora area to 43 mglkg in sample 

No. KP57 (Zea mays), collected from Meelagah- Kotlai in &bal area. 4 mgkg of Zn is 

reported in reference sample. The average 211 coilcentration (19 mglkg) in Poaceae is 

higher than the reference sample. 

Nickel (Ni): Ni concentration in Poaceae species is ranging from 3 1 inglkg in sample No. 

ISP38 (Saccharunz spp.), collected from Deerai Baba to 289 mglkg in sample No. MPG 

(Saccharurn spp.), collected from Malulc Abad within emerald mine area. Ni 

concentration of 4 mglkg is reported in reference sample. The average concentration of 

Ni (80 mglkg) in Poaceae is higher than the reference sample. 

Chromium (Cr): Cr concentration in Poaceae species is ianging from 56 indkg in 

sainple No. KP54 (Dicanthium nnnulntunz), collected from Meelagah-Kotlai to 158 

mgllcg for MP6 (Saccharurn spp.), collected from Malulc Abid within emerald mine area. 

5 mgllcg of Cr concentration is reported in reference. The average Cr concentration (1 22 

mglkg) in Poaceae is higher than the reference sample. 

Cobalt (Co): Co coilcentration in Poaceae species is ranging from 5mgkg in sample 

Nos. KP38 (Sncchurt~i.7~ ~ p p . )  and IW54 (Dicanthizmz annulo/m ), collected from 

Deerai Baba and Meelagah-Kotlai respectively to 9 mgllcg in sample No. KP35 (Zeu 

mc~ys), collected from Kanju village. Co coizcetration of 0.89mgIkg is repor.tecl in 
./ 

reference sample. The average collcentration of Co (6 ing/kg) in Poaceae is higher than 

the reference sample. 

Cadmium (Cd): Cd concentration in Poaceae species is ranging fioni 0.089 ingllcg in 

sainple No. KP35 (Zea mays), collected from Kqnju village to 0.389 rnglkg in sample No. 

KP46 (Zea mays), collected from Kabal village. 0.093 rnglkg of Cd is reported in 



reference sample. The average Cd co~lcentratioil (0.241 mgikg) in Poaceae is higher than 

the reference sample. 

, ' .  

n): Mn is an essential ininor nutrient for planls. It is iiwolved in enzyme 

activation and in some of the reactions required for photosynthesis and nitrogen 

metabolism. Mil deficiencies can occur on calcarious soils and toxicities on acid sites in 

species not adapted to these habitats. Concentration of few n~glkg in solution can efl'ect a 

sensitive species(Allel1, 1989). Mi1 co~icentration in Poaceae species is ranging from 13 

ingikg in sainple No. KP-35 (Zea mays), collected from I<mju village to 115 mgkg in 

sainple No. ICP-54 (Dicarzthium c ~ n n ~ d n t m ~ ) .  collected from Meelagah-ICotlai. 30 mg/kg 

of Mil is reported in reference sample. The average concentration of Mn (49 mglkg) in 

Poaceae is higher than reference. 

Iron (Fe): Fe coilcentration in Paplionaceae species is ranging li-om 1625 mg/kg i n  

sample No. 'MP- 1 1 (lndigqfrra geraudiann) to 1863 mg/l;g in sainple No. MP- 1 4 

(Lespediliza j~~nceo) ,  collected from emerald inine area, Fizagat. Fe coilcentration of 439 

mg/lcg is reported in reference sample. The average coilcei~tsation of Fe (1 744 mgfkg ) is 

muc l~  lliglm than the reference sample. 

Copper (Cu): Cu coiiceilhation in Paplionaceae species is ranging from 9 mg/kg in 

sample No. MP-14 (Lespediza juncect), collected from emerald mine area, Fizagat to 14 

m g k g  in sample No. MP-1 1 (lndigofira gerardima), collected from emerald mine area, 

Fizagat. 3 mgllcg of Cu is reported in reference sample. The average coilcentration of 

CLI (1 1 mglkg) in Papilionaceae is higher than the reference sample. 
.i 

Lead Pb): Pb concentration in Papilionaceae species is ranging from 2 mg/kg in sailiplc 

No. MP-I I (b7digoJj.m gi.rardimcr), collected from emerald inirle area, Fizagat to 2 mglkg 

in sample No. MP-14 (Lespedizajzl~cel~), collected emerald tmine area, Fizagat. 2 mglkg of Pb 



is reported in reference sample. The average coilceiltration of Pb (2 mg/lcg) i n  

Papilionaceae is siinilar to that of reference sample. 

/ ,  

Zinc (Zn): Zn concentration in Paplionaceae species is rangirig from 8 mg/lcg in sample 

No. MP-14 (Lespediza juncea) to 13 ing/kg in sample No. MP-11 (Indigofrru 

gerardiana), coilected from einerald mine area, Fizagat. 4 mgkg of Zn is reported in 

reference sample. The avcragc concenlrn~ion oS Zn ( 1  0 mdkg) in Paplionaceae is highcr 

than reference sample. 

Nickel (Ni): Ni coilcentration in Paplionaceae is ranging from 269 inglkg in sample No. 

MP-14 (Lespediza juncea) to 278 in sample No. MP-11 (Indigofiru gerurdiana), both 

collected from emerald mine area, Fizagat. 6 mgkg of Ni is reported in reference 

sample. The average coilcentration of Ni (274 mglkg) in Papilionaceae is higher ~ h a n  

reference sainple. 

Chromium (Cr): Cr concentration in Paplionaceae is ranging from 256 mgkg in sample 

No. MP-14 (Lespediza juncea) to 285 mg/kg in sample No. MP-I1 (Indigofiru 

gerardiana), collected from emerald mine area, Fizagat. Cr coiiceiltration of G mgllcg is 

reported in reference sample. The average concentration of Cr (271 mg/kg) in 

Paplionaceae is higher than the refe'erence sample. 

Cobalt (Co): Cobalt conceiltration in Paplionaceae is 6 mg./'lcg in simple Nos. MP-14 

(Lespedka juncea) and MP-11 (Indigofera gerardiana), collected from einerald mine 

area, Fizagat. 4 mg/kg of Co is reported in reference sample. The average concentsatioi~ 

of Co (6 meJkg) in Paplioilaceae is higher t l~an reference sanlple. 

Cadmium (Cd): Cd concentration in Paplionaceae spe~ies is ranging from 0.178 mg/kg 

in sample No. MP-14 (Lespcdizu jtmcea) to 0.223 mglkg in sample No. MP-I1 

(hdigofera gerardiana), collected from einerald inine area, Fizagat. 0.1 04 n~gllcg of Cd is 

reported in reference sample. The average concentration of Cd (0.201 mgkg) in 

Paplionaceae is higher than reference sanlple. 



Manganese (Mn): Mn concentration in Papilionaceae species is ranging from 5 mg/kg 

in sample No. MP-14 (Lespediza juncen), collected from emerald mine area, Fizagat to 

.' 18 mg/kg in MP-I1 (Indigofem gemrdianu;), collected from area of mines towards 

Fizagat. 32 mg/lig of Mn colicelitration is reported in reference sample. The average 

concentration of Mn (12 n~glkg) in Papilionaceae is lower than the reference sample. 

Iron (Fe): Fe concentration in Polygonaceae species is ranging from 1731 mglkg in 

sainple No. MP-9 (Xunzex hustalu,r;), collected from einerald mine area, Fizagat to 41 94 

mgkg  in sample No. KP52 (Rz~mex hastotus), collected from Meelagah-Kotlai. 679 

mglkg of Fe is reported in reference sample. The average colicentration of Fe (3275 

mglkg) in Polygoilaceae is much higher t11a.n the reference. 

Copper (Cu): Cu colxentratioils in Polygonaceae species is ranging fiorn 8 mgkg in 

sample No. MP-9 (Rumex hnst~~tus), collected from enlarld mine area, Fizagat to 12 

iligkg in sample No. KP37 (Rumex ~ U S ~ L ~ ~ L L J ; ) ,  collected frcm Deerai Baba, Kanju. 3 

mgkg  of CU coi~centratioii is reported in reference sample. The average coilcentration 01' 

Cu (1 0 mglkg) is higher than the reference sample. 

b): Pb concentration in Polygonaceae species is ranging fiom 2 mglkg in sanlple 

Nos. MP-9 (Rumex hastc~tus) and KP-52 (Rumex Jzc~~talus), collected fi-om ernwld mine 

area and Meelagah-Kotlai respectively to 3mgkg in sample No. KP-37 (Rumex hastcr/zr,~), 

collected from Deerai Baba, ICai~ju. 2 i~igllcg of Pb is reported in rderercnce sample. The 

average concentration of Pb (2 mglkg) in Polygonaceae is similar to that of reference 

Zinc (Zn): Zn concei~trations in Polygonaceae species is ranging from 7 mdkg in saillyle 

No. MP-9 (Rumex hhnstatzrs), collected from emerald mine area, Fizagat to 11 mglkg in 

sample No. KP37 (Rumex hastatus), collected from Deerai Bsiba, I<anju. 4 m g k g  of Zn 

concentration is reported in reference sample. The average concentration of Zn (9 m g k g )  

in Polygonaceae is liigl~er than the reference sample. 



Nickel (Ni): Ni concentration in Polygonaceae is ranging from 25 mg/kg in sample No. 

KP-37 (Runzex hustatus), collected from Deerai Baba, ICaiiju to 4011ig/kg MP-9 (Runzex 

. , haslatus), collected from einerald mine area, Fizagat. 14 mgJkg OF Ni collcentra~ion is 

reported in reference sample. The average co~lcentration of Ni (36 mglkg) in 

Polygonaceae is lzigher than the reference sample. 

Chromium (0): Cr concentration in Polygonaceae is ranging fiom 48 ing/kg in sample 

No. MP-9 (Rzimex hustntus), collected from emerald mine area, Fizagat to 61 mdlcg in 

sample No. IQ52 (Rumex hastntu.~), collected fiom Meelagah-Kotlai. 15 ing/lcg of CI- is 

reported in reference sainple. The average concentration of Cr (55 mg/kg) in  

Polygonaceae is higher than Ihe reference. 

Cobalt (Co): Co concentration in Polygonaceae species reported is G mg/kg in all the 

samples. 0.79 mg 11 of Zn concentration is reported in refe~:ence sample. The average 

concentration of Zn (6 mg/kg) i11 Polygonaceae is higher than f he reference sample. . 

Cadmium (Cd): Cd concei~trations in Polygonaceae species is ranging from 0.221 mg/lig 

in sample No. MP-9 (Rwinex haslcrhs), collccted from elnarld mine area, Fizagal lo 0.342 

mg/kg in sample No. KP37 (Runzex hc~~tcltus), collected from Deerai Baba, Kanju. 0.1 1 1 

mg/kg of Cd coi~centration is rcportccl in reference sample. The averagc coilcentrntio~~ of 

Cd (0.234 m&g) in Polygonaceae is higher Lhan the refereace sainple. 

Manganese (Mn): Mi1 concentration in Polygonaceae species is ranging from 39 mglkg 

in sample No. MP-9 (Rumex hastatus), collected from emerald mine area, Fizagat to 99 

mg/kg in sample No. KP37 (Rztmex hcrslat~is), collected from Deerai Baba, Kanju. 35 

mg/kg 01 Mn concentratioil is reported in reference ssunple. The average concentration of' 
J 

Mn (71 mglkg) in Polygoiiaceae is higher Illan the reference sample. 



Labiateae 

* .  
' Iron (Fe): Fe coilceiltratioil in Labiateae species is ranging fi-om 41 63 mg/kg in sample 
, . 

No. MP-18 (Teucriunz qtradriztmn), collected from mountainous area of Rabiin Abad, 

Mingora to 8163 ing/kg in sample No. MP-19 (Ison'on rzrgosus), collected from the same 

area as of MP- 18. In reference plant species Fe concentration ranged fiom 42 1 mgkg  to 

879 mg/kg. The average concentration of Fe (6802 mglkg) in Labiateae is higher than the 

reference sample. 

Copper (Cu): Cu concentration in Labiateae is ranging from 15 ing/kg for MP-18 

(Teucrium quadriurn), collected from mountaino~~s area of Rahim Abad to 29 mglkg in sample 

No. MP-19 (Isodon rzrgoszls), collected .from the sane area as that of MP-18. I11 1-eference 

plants of Labiateae Cu coilcentration varied from 2 mglkg to 4 inglkg. The average 

concentration of Cu (23 mdkg) in Labiateae is higher than the reference samples. 

Lead (Pb): Pb coilcentration in Labiateae species reported is 5 mg/kg. While in reference 

samples of Labiateae, Pb concentratioi~ of 3 mglkg is reported. The average concentration 

of Pb (5 111@g) in Labiateae is higher than the reference sample. 

Zinc (Zn): Zn concentration in Labiateae species is ranging fiom 14 rngllcg in sample 

No. MP-18 (Teucrium qucfdt.iun~), collected from mountainous area of Rahim Abad to 36 

mg/kg in sample No. MP-19 (Isodon rugoszls), collected from the same area as that of MP-I 8. 

. Its concentration in reference ssnples is ranging from 4 inglkg to 5 mgllcg. The average 

coizceiztratioil of Zn (2 1 indkg) in Labiateae is higher than the reference samples. 



Nickel (Ni): Ni concentration in Labiateae species is ranging, froin 27 mg/kg in sample 
/ ,  No. MP-18 (Teucriurn quadrium) collected from nlo~mtainous area of Rahim Abad, 

Mingora to 70 mgllcg in sanlple No. MP-4 (Otostegiu lirnbwta), collected from Malulc 

Abad, Mingora. 111 reference plants Ni concentratioi~ is ranging from 8 mglkg to 9 n~glkg. 

The average concentration of Ni (40 mglkg) in Labiateae is higher than the reference 

samples. 

Chromium (Cr): Cr concentration in Labiateae species is ranging from 40 mgkg in 

sainple No. MP-18 (Teucuizmz qundriurn) collected from mountainous area of Rahim 

Abad, Mingora to 56 rnglkg in sainple No. MP-19 (Isoh17 rugusus), collected from the same 

area as that of MP- 18. Cr concentration in reference saiilples is I-anging from 8 mglkg to 10 

mgkg. The average coilceiltration of Cr (49 ingilcg) in Labiateae is higher tllan the 

reference samples. 

Cobalt (Co): Co concentsation in Labiateae species is ranging fiom 7 mgllcg in sample 

Nos. MP-4 (Ofostegia linrbata), MP-17 (Strlvirr moorcroftiana) and MP-18 (Teucriz~nz 

quadr.ium), collected fioin Malulc Abad and Rahim Abad, Mingora respectively to 9 

mgkg in sanlple No. MP-19 collectecl f?om Rahim Abad, Minogra. While in reference 

plants of Labiateae the coilcentration of Co is ranging fioin 0.987 ~ l l g l l i ~  to 1.21 mglkg. 

The average concentralion of Co (8 mglkg) in Labiateae is higher than the reference 

samples. 

Cadmium (Cd): Cd concentration in Labiateae species is ranging from 0.213ingIkg in 

sample No. MP-18 (Teucrium quudrium), collected from nlo~mtains of Rahim Abad to 

0.257 mgllcg in sample No. MP-4 (Otostegin limbnta), col1ecte:d from Maluk Abad. Cd in 
.I 

reference samples is rangiilg fro111 0.1 17 mgkg to 0.1 03 mgAcg. The average 

concentration of Cd (0.23 8 mgllcg) in Labiatea is higher than reference samples. 

n): Mn concei~tratioi~ in Labiateae species is ranging from 72 rngllcg in 

sample No. MP-18 (Tezrcriwm q u ~ ~ d r i ~ ~ ~ n ) ,  collected from inountains of Rallim Abad to 



134 mg/lcg in sample No. MP-17 (Sulvia vnoorcroftinna), collected from Rahiin Abad, 

Minogra. Mi1 concentration in reference samples is ranging fiom 40 mgkg to 65 mg/lig. 

The average concentration of Mn (1 17 mg/kg) in Labiateae is higher than the reference 

samples. 

Asteraceae 

Iron (Fe): F ation in Aesteraceae speices is 1mging from 4269 mgkg in 

sample No. MP-5 (,Ycmthiunz strunzariumJ, collected from Malulc Abad within limits of 

emerald mines to 10056 mgllcg in sainple No. KP55 (Xanthiunz sfrumuriur~z), collected 

from Meelagah-Kotlai. 987 mgllcg of Fe concentration is repoiTed in reference sample. 

The average coilcentration of Fe (7 163 ing/kg) in Aesteraceae is higher than the reference 

sample. 

Copper (Cu): Cu coi~centratioas in Aesteraceae is ranging from 16 mg/lcg in sample No. 

KP-55 (Xanthium strwrnariurn), collected from Meelagah-ICotlai to 28 mgkg in sample 

No. MP-5 (Ill'nthiunz sti.umariunz), collected from Maluk Abad within limits of emerald 

mines. 3 mglkg of Cu concentration is reported in reference sample. The average 

collcentration of Cu (22 mglkg) in Aesteraceae is higher than the reference smple. 

Lead (1%): Pb concentration in Aesteraceae species is ranging from 5 mg/kg in sample 

No. MP-5 (Xanthiunz strz~l~zcirium), collected from MaIulc Abad within limits of emerald 

mines to 7 ing/lcg in sample No. KP-55 (Iy~uzlhim slruina~iur~), collectecl from 

Meelagah-Kotlai. 4 mgkg of Pb is reported in reference sample. The average 

coixentration of Pb ( G  mglkg) in Aesteraceae is higher than the reference. 
d 

Zinc (Zn): Zn coilcentration in Aesteraceae species is ranging from 15 m g k g  in sample 

No. KP-55 (Xanthium strumurium), collected from Meelagah-Kotlai to 25 mglkg in 

sample No. MP-5 (Xctnfhizlm strzmmizrm), collected from Maluk Abad within limits of 

emerald mines. 5 ingllcg of Zn concentration is reported in reference sample. The 



average concei~tration of Zn (20 mg/kg) in Aesteraceae is higher than the reference 

sample. 

Nickel (Ni): Ni coilcentration in Aesteraceae species is ranging from 28 nlg/kg in sainple 

No. KP-55 (Xanthitlnz strunznriz.m), collected from Meelagah-Kotlai to 53 mg/lcg in 

sample No. MP-5 (Xctnthium str~nzrnitm~), collected fi-om Maluk Abad within linlits of 

einerald mines. 5 inglkg of Ni coixeiltration is reported in reference sample. The average 

o.Ecoilcentration of Ni (40 mg/kg) in Aesteraceae is higher than the reference sample. 

Chromium (Cr): Cr concentsation in Aesteraceae species is ranging from 48 mgkg in 

sample No. I<P-55 (Xc~17lhi~im slminuri~m~), collected fi-om Mt:elagah-Kotlai to 54 mg/kg 

in sample No. MP-5 (X~ntl~iunz s t r " u ~ ~ - i u m ) ,  collected fiom h4aluk Absld within limits of 

emerald mines. 5 mg/l<g of Cr is reported in reference sample. The average concentration 

of Cr ( 5  1 mg/lcg) in Aesteraceae is higher than the reference sample. 

Cobalt (Co): C o  coi~cei~tration in Aesteraceae species is ranging from 7 mg/kg in sample 

No. MP-5 (Xmlhiur71 slrmi~zurizinz), collected from Malulc Abad within limits of emerald 

mines to 9 mg/kg in sample No. ICP-55 (Xmlhizim strunzcwiunz), collected Srom 

Meelagah-Koilai, 1.11 mg/lcg of Co is reported in reference sample. The average 

concentration of Co (8 mg/kg) in Aesteraceae is higher than tlx reference sample. 

Cadmium (Cd): Cd concei~tratioii in Aesteraceae species is ranging from 0.245 mg/kg in 

san~ple No. KP-55 (Xantlzium strunzorit~m), collected from Meelagah-Kotlai to 0.268 

mg/lcg in sanlple No. MP-5 ( f in th iw~z  slrzmzu~ium), collected from Malulc Abad witl~in 

limits of emerald mines, Mingora. 0.134 mglkg mg/lcg of C:o is reported in refeimce 

sample. The average coizcentration of Co (0.257 nigllcg). in Aesleracesle is higher tl~an the 

reference sample. 

Manganese (Mn): Mn coizcentration in Aesteraceae species is ranging Srom 48 ing/lcg ill 

sample No. MI?-5 (Xunlhit~m slrurnuritirn), collected from Mahlc Abad within limits oS 

emerald mines, Mingora to 96 mgAcg in sample No. KP-55 (X';xnlhium strunx~riumj, 



collected from Meelagah-Kotlai. 45 mg/lcg of Mn is reported in reference sample. The 

average concentration of Mn (72 mglkg) in Aesteraceae is higher than the reference 

sample. 

Sapindaceae 

Iron (Pe): Fe concentration in Sapindaceae species is ranging from 806 mg/kg in sample 

No. MP-3 (Dodonam viscose), collected from Raja AbadIMalulc Abad to 6225 mg/kg in 

sample No. MP-8 (Dodonaea viscose), collected from emerald mine area towards Fizagat. 724 

mg/kg of Fe concentration is reported in reference sample. The average Fe concentration 

(3 160 mdkg) in Sapindaceae is l igl~er than the reference smnple. 

Copper (Cu): CLI concentration in Sapindaceae species is I-anging I70111 17 mg/kg in 

sainple No. ICP- 5 1 -B (Dodonaea viscose), collected from MeeIagah-Kotlai in Kabal area to 20 

inglkg in sainple No. MP-3 (Dodoiiaeu viscose), collected from Raja AbadIMalulc Abad. 4 

inglkg of CLI concentration is reported in reference sample. The average concentration ol' 

Fe (19 mglkg) in Sapindaceae is higher than the reference sanlple. 

Lead (Y b): Pb concentration in Sapindaceae species is 4 mglkg in sample No. 

MP-8 (Dodonaen viscose), collected fi-om emerald 11li11e area towards Fizagat to 5111g/Iig in 

- - sample Nos. MP-3 (Dodonaea viscose) and KP-51-B (Dodonaen viscose), collected from 

Raja AbadIMalulc Abad and Meelagah-Kotlai respectively. 2 mglkg of Pb concentration 

is reported in reference sample. The average concentration of Fe (5 mgkg) in 

Sapindaceae species is lligller than the reference sample. 

Zinc (Zn): Zn concentration in Sapindaceae species is ranging from 15 mg/kg in sample 

No. ICP- 51-B (Dodonnea viscose), colIected from Meelagah-Kotlai in Kabal area to 19 mgkg 

in sample No. MP-3 (Dodonueu viscose), collected i'roin Raja AbadIMaluk Abad. 2 mgllcg 

of Zn concentr;?tion is reported in the reference sample. The average concentration of ZII 

(17 mg/kg) in Sapindaceae is higher than the reference sample. 



Nickel (Ni): Ni concentration in Sapindaceae species is varying from 30 mglkg in 

1 
sample No. MP-3 (Dodonnen viscose), collected From Raja Abad/Maluk Abad to 42 

mglkg in sample No. MP-8 (Dodonaea viscose), collected from emerald mine area 

towards Fizagat. 4 mglkg of Ni coilcentration is reported in the reference sample. The 

average concentration of Ni (34 mgllcg) in Sapindaceae is higher than the reference 

sample. 

Chromium (Cr): Cs concentration in Sapiildaceae species is ranging from 35 ing/l<g 1 in 

sample No. MP-3 (Dodonnen viscose), collected from Raja Abad/Malulc Abad lo 55 

mg/kg in sainple No. MP-8 (DocJonnea visco.se), collected from emerald mine area 

towards Fizagat. 5 ~nglkg of Cs coi~cei~tsatioil is reported in the reikrence sample. The 

average concentration of Cr (45 inglkg) in Sapindaceae is higher than the reference 

. , sample. 

Cobalt (Co): Co concentration in Sapindaceae species is ranging from 6 mgkg in sample 

No. MP-3 (Dodonaea viscose), collected from Raja AbadIMaluk Abad to 7 ingllcg in 

sample Nos. MP-8 (Dodonaea viscose) and KP-5 1-B (Dodonaea viscose), collected froill 

cmerald mine area towards Fizagat and Meelagh-ICotlai respectively. 1.21 mdkg of CO 

concentratioil is reported in the reference sample. The average concentration of Co (7 

rngllcg) in Sapindaceae is higher tllan the reference sample. 

Cadmium (Cd): Cd concentration in Sapiizdaceae species is ranging from 0.214 niglkg 

in sample No. MP-8 (Dodoncmi vi.scose), collected einerald mine area towards Fizagat to 

0.245 ing/kg in sample No. MP-3 (Dodoaaeo viscose), collected from Raja AbadIMaluk 

Abad. 0.1 18 mglkg concentratioii of Cd is reported in reference sample. The average 

concentration of Cd (0.226 mg/kg) is Sapindaceae is l.lig11er tlxm the reference sample. 

Manganese (Mn): Mn concentration in Sapindaceae species is ranging from 21 mg/kg in 

sample No. MP-3 (Doclonnea viscose), collected froin Raja. AbadIMalulc Abad to 65 

ingllcg in sample No. MP-8 (Dodonaea viscose), collected emerald mine area towards 



Fizagat. 28 mglkg concentration of Mn is reported in reference sample. The average 

concentration of Mil (45 mgllcg) is Sapindaceae is higher than the reference sainple. 
r .  

Utricaceae 

Iron (Fe): Fe concentr~ltion in Utricaceae species is ranging from 1706 mglkg in sample 

No. MP-13 (Debergensin sulicifolin), collected from enlerafd mine area towards Fizagat 

to 1738 mgll<g in sainple No. MP-2 (Dcbergmsin sulic~folicl), collected from Raja Abadl 

Maluk Abad. 678 mgkg of Fe concentration is reported in reference sample. The 

average concentration of Fe (1722 inglkg) in Utricaceae is higher tl~an the reference 

sainple. 

Copper (Cu): Cu concentration in Ulricaceae species is ranging from 1 1 inglkg in sainple 

No. MP-13 (Debergecisis stilicifolin), collected froin emerald mine area towards Fizagat 

to 15mglkg in sanlple No. MP-2 (Debergensia sulicifolicc), collected from Raja Abadl 

Mduk Abad. 4ingIkg of CLL coi~ceniration is seportcd in reference sample. The average 

concentration of Cu (13 mg/lcg) in Ulricaceae is higher than the reference sample.. 

Lead (Pb): Pb concentration in Utricaceae species is ranging fiom 5 mglkg in sample 

No. MP- 1 3 (Debergensiu sulicifolic~), collected from emerald mine area towards Fizagat 

to 6 mglkg in sample No. MP-2 (Debergeasicr sulicijolia), collected from Raja Abadl 

Mal~dc Abad. 2 mglkg of Pb is reported in the reference sa~nple. The average 

concentration of Pb (6 mgllcg) in Utricaceae is higher than the reference. 

Zinc (Zn): Zn concentration in Utricaceae species is ranging fro111 10 mglkg 1 in sa i~~ple  

No. MP-13 (Debergensia sulicfolict), collected from emerald mine area towards Fizagat 
.! 

to 12 mglkg in sample No. MP-2 (Debergecrsicr sulicifblic~, collected from Raja Abadl 

Maluk Abad. 2 rnglkg of Zn is reported in the reference sa~nple. The average 

concentration of Zn (I I mdkg) in Utricaceae is higher than the reference. 

Nicltel mi): Ni concentration in Utricaceae species is ranging fiom varied from 20 

mglkg in sample No. MP-2 (Debergeasicr sulic~foli~l;), collected fi-om Raja Abadl Maluli 



Abad to 30mg/l<g in sample No. MP-13 (Deberpnsiu szrlic$olicQ, collected from eiilerald 

mine area towards Fizagat. 5 mglkg of Ni is reported in the reference sample. The 

/ ayerage concentration of Ni (25 mglkg) in Utricaceae is higher than the reference. 

Chromium (Ci-): Cr concentration in Utricaceae species is ranging fi-om 46 mg/kg 

sample No. MP-2 (Debergeusia sulicifoliu), collected from Raia Abad/ Malulc Abad to 68 

ingllcg in sample No. MP-13 (Debergrasin sz~licjfolia), collected fso111 emerald iniile area 

towards Fizagat. G mglkg of Cr is reported in the reference sample. The average 

coilcentration of Cr (57 mg/lcg) in Utricaceae is higher than the reference. 

Cobalt (Co): G mgl 1 of Co coilcentration is reported in both the sainples i.e. MP-2 and 

MP-13 of Utricaceae. 0.921 mg/lcg of Co is reported in the reference sample. The average 

concentsatioi~ of Co (6 mgkg) is Utricaceae is higher than the reference sainple. 

Cadmium (Cd): Cd coilcentration in Utricaceae species is ranging from ranged from 

0.220 mgkg in sainple No. MP-2 (Debergeasicr sulicifoliu), collected fro111 Raja Abadl 

Maluk Abad to 0.226 mg/kg in sample No. MP-13 (Debergcnsicr sulic~olicl), collec~ed 

from ,emerald mine area towards Fizagat. 0.1 1 ling/lcg of Cd concentration is repoi-ted in 

. . the reference sample. The average coilcentration of Cd (0.223 ing/lcg) in Utricaceae is 

higlier than the reference sainple. 

Manganese (Mn): Mn concentration in Utricaceae species is ranging from 39 mg/kg 1 in 

sample No. MP-13 (Debergeasia sulicifalia), collected fi-0111 emerald mine area towards 

Fizagat to 70 mdkg in sainple No. MP-2 (Debergeasia sulic(folin), collected from Raja 

Abadl Maluk Abad. 32 mglkg of Mn is repoi'ced in the reference sainple. The average 

concentration of Mn (54 m&g) in Utricaceae is higher than the reference. 
J 

Cannabinaceae 

Iron (Fe): Fe in Cai~nabinaceae species is ranging from 3456 izzg/lcg in sainple No. MP- 

22 (Cannabis sativa), collected from Rahim Abad, Mingora to 9925 mgkg in sample No. 

ISP-53 (Cannabis snfivu), collected from Meelagah-Kotlai, Kabal. 679 mgkg of Fe 



concentration is reported in the reference sanlple. The average concei~tration of Fe (6691 

ing/kg) in Cannabinaceae is Iigl~er than the reference sample. 

d .  

Copper (Cu): Cu concentration in Cannabinaceae species is ranging 27 mglkg in sample 

No. I(P-53 (Cannabis sativa), collected from Meelagah-Kotlai, Kabd to 33 n~gtlcg in 

sample No. MP-22 (Cmnchis salivc~), collected from Rahinl Abad, Mingora. 4 mg/l;g of 

Cu concentration is reported in the reference sample. The average concentration of CLI 

(30 rngllcg) in Cannabinaceae is higher than the reference sample. 

Lead (Pb): Pb concentration in Cannabinaceae species is ranging fi'oln 3 rngllcg in 

sainple No. MP-22 ( C C I M I Z L ~ ~ S  J'uII'vII), collected from Rahim Abad, Mingora to 4 mg/kg 

in sample No. KP-53 (Cannabis sativa), collected fiom Meelagah-Kotlai, Kabal. 3 mg/kg 

of Pb concentration is reported in the reference sample. The average concentration of Pb 

(4 mglkg) in Csliulabinaceae is more or less similar to that of the reference sample. 

Zinc (Zn): Zn concentration in Cannabinaceae species is ranging from 25 mglkg in 

sample No. KP-53 (Cannabis sutivu), collected from Meelagall-Kotlai, Kabal to 30 

mg/kg in sample No. MP-22 (Ccinnabis sativa), collected from Rahiin Abad, Mingora. 2 

ing/kg of Zn concentration is reported in the reference sample. The average concentration 

of Zn (27 mg/kg) in Cannabinaceae is higher than the reference sanlple. 

Nickel (Ni): Ni concentration in Cannabinaceac species is ranging from 35 mg/kg in 

sample No. MP-22 (Cannabis sntivu), collected from Rahiin Abad, Mingora to 39 inglkg 

in sample No. KP-53 (Cmnnbis sativo), collected from Meeltigall-Kotlai, ICabal. 5 mg/kg 

of Ni concentration is reported in the reference sample. The average concenti-ation of Ni 

(3 7 ing/lcg) in Caiuabinaceae is higher than the referenc~e sample. 

Chromium (Cr): Cr co~lcentration in Cannabinaceae species is ranging from 48 mg/kg 

in sample No. MP-22 (Ccmnabis strriva), collected from Rahim Abad, Mingora to 53 

mg/kg in sample No. KP-53 (Cannabis sativu), collected from Meelagah-Kotlai, Kabal. 6 



mglkg of Cr concentratioil is reported in the reference sainple. The average concentration 

of Cr (5 1 mgkg) in Cannabinaceae is higl~er than the reference sample. 
, r 

Cobalt (670): Co concei~tration in Cannabinaceae species is ranging from 7 mgllcg in 

sainple No. MP-22 (Cannabis scitivcQ, collected from Rahim Abad, Mingora to 9 mg/kg 

in sainple No. KP-53 (Cctnnabis sutiva) , collected from Meelagah-ICotlai, ICabal. 0.976 

mgllcg of Co coilcentration is reported in the reference sample. The average concentratioil 

of Co ( 8  ingllcg) in Cannabinaceae is higher tl~an the reference sainple. 

Cadmium (Cd): Cd concentra~ion in Cannabinaceae species is ranging from 0.276 

mglkg in sample No. KP-53 (Cannahis sutivcr), collected from Meelagak-Kotlai, ICabal to 

0.289 mgl in sample No. MP-22 (Cnrznabis snlivn), collected from Rahim Abad, 

Mingora. 0.112 inglkg of Cd concentration is reported in the reference sample. The 

average concentration of Cd (0.283 mglkg) in Cannabinaceae is a little higher than the 

reference sample. 

n): Mn concentration in Cmnabinaceae species is ranging from 126 

mg/kg in sample No. I<P-53 (Cannabis salivq), collected from Meelagah-Kotlai, Kabal to 

374 nlglkg in sainple No. MP-22 (Cnnncrbis sativc~), collected from Rahim Abad, 

Mingora. 60 mglkg of Mi1 coilcentratioil is reported in the reference sample. The average 

concentration of Mn (250 mglkg) in Cannabinaceae is higher tlian the reference sample. 

Iron (Fe): Fe concentration in Simarubaceae species is ranging from 2367 mg/kg in 

sample No. KP-42 (Ailanthus altissin~a (Indim)), collected fi-om Deerai Baba, I<anju to 

3 3 69 ingllcg in sainple No. MP- 1 (A iluntlzzus altissima (Inclian)), collected fi-om Maluk Abacl. 
./ 

568 mg/kg of Fe concentration is reported in the reference sample. The average 

coilcentration of Fe (2868 mg/kg) in Simarubaceae is higher than the reference sample. 

Copper (Cu): Cu concentratioiis in Simarubaceae species is ranging from 19 mg/kg in 

sample No. KP-42 (Ailcmthzcs cdtisLsimc/ (Indiun)), collected from Deerai Baba, I<anju to 25 

ingkg in sample No. MP- 1 (Aihntl~zis ultissi~~~cc (Indim)), collectecl from Ma1 uk Abad. 4 



mglkg of Cu coi~centratioi~ is reported in the reference sample. The average concentration 

ol' Cu (22 mgllcg) in Simarubaceae is lligller than h e  rel'erence. 
, , 

Lead (Pb): Pb concentration in Silnarubaceae species is ranging from 6 mgllcg in sample 

No. MP-1 (Ailunlhus altissima (Indian)), collected from Maluk Abad to 8 mglkg in sample 

No. KP-42 (Aikmlhus al/is.si~~m (li~u'i~r~?)), collected from Deerai Baba, Kanju. 3 mglkg of 

Pb is reported in the reference sample. The average concentration of Pb (7 mglkg) in 

Simarubaceae is higher than the reference. 

Zinc (Zn): Zn coilcentration in Simar~~baceae species is ranging from 17 inglkg in 

sample No. IW-42 (Ailcinthtis altissimu (hdicm)), collected fiom Deerai Baba, Kailju to 17 

ing/kg in sample No. MP-1 (Ailanthza allissirnn ( Inda~) ) ,  collected from Mal~~k Abad. 3 

mglkg of Zn co~lcentration is reported in the reference sample. The average concentration 

of Zn (20 mgllcg) in Siillarubaceae is higher than the reference sample. 

Nickel (Ni): Ni coilceIllration in Siillarubaceae is ranging from 53 mgllcg in sample No. 

ICP-42 (Ailanthus altis~imu (Indicm)), collected fiom Deerai Eaba, I<ai~ju to 64 mg/l;g in 

sainple No. MP-1 (Ail~uzlhus dlissirtl~r (Inn'imz)), collected from Malulc Abad. 5 lnglkg of 

Ni concentration is reported in the reference sample. The average conceniration of Ni (59 

mglkg) in Siinarubaceae is higher than the reference sample. 

Chromium (Cr): Cr coixxntration in Simarubaceae is ranging from 39 mgkg in sample 

No. I<P-42 (Ailunlhus al/issirna ( I m h z ) ) ,  collected from Deerai Baba, ICanju to 43 

mg/kg in saillple No. MP-I ( A i l m l h z ~  allissirno (Indim)), collected from Malulc Abad. 6 

inglkg of Cr concentration is reported in the reference sample. The average concentration 

of Cr (41 mglkg) in Simanlbaceae is higher t l ~ m  the reference sample. 
.f 

Cobalt (Co): Co concentration in Silnar~rbaceae species is ranging from 5 ingllcg in  

sample No. KP-42 (AI'ILIM~Izus ultis,si7n~1 (hdiun)),  collected from Deerai Baba, ICanju to 7 

inglkg in sample No. MP- 1 (Ailanthus altissinzn (Indinn)), collected from Malulc Abad. 



1.1 1 mglkg of Co concentration is reported in the reference sample. The average 

coilcentration of Co (6 mgkg)  in Simarubaceae is higher than the reference sample. 

Cadmium (Cd): The average Cd concentration in Simarubaceae species is 0.286111gIkg. 

In the reference sample 0.172 mgkg  of Cd is reported. The average concentration of Cd 

in Siinarubaceae is a l i t~le higher than the reference sample. 

Manganese (Mn): Mn concentration in both the species of Sirnarubaceae is 130 mdkg. 

While 35 mg/kg of Mn is reported in the reference sample. The average coi~cei~tmation of 

Mn in Simarubaceae is higher than the reference sample. 

Iron (Fe): Fe collcentration in Amarantlmceae species is 5363 mgllcg in sample No. KP- 

39 (Altl?erncuiterc/ pzmgs), collected fi-0111 Deerai Baba, Kanju. 568 mg/Icg of Fe concentration 

is reported in reference sample. The average co~lcentration of Fe in Amaranthaceae is 

higher tl1m the reference sample. 

Copper (Cu): Cu co~lcentration in Arnaranthaceae species reported is 32 ing/kg in 

sample No. KP-3 9 (Altherncmtera ptlrtgs), collected fro111 Deerai Baba, I<mj 11. 1 9 mglkg of C 11 

concentration is rcportcd in rcksencc sample. Thc average concentration of C11 in  

Amaranthaceae is higher than the reference sample. 

Lead (Pb): Pb concentration in Anaranthaceae species is 4 ingkg in sample No. I<P-39 

(Althevnantera pungs), collected from Deerai Baba, Kanju. 0.12 ing/kg of Pb 

concenlralion is reported in reference sample. The average conceiltration of Pb in 

Amaranthaceae is higher t11an the reference sample. .S 

Zinc (Zn): Zn concentration in Amaranthaceae species is 29 mgkg in sample No. KP-39 

(Althurnantera pungs), collected froin Deerai Baba, Kanju . 4 mglkg of Zn concentration 

is reported in the reference sarnple. The average concentration of Zn in Amaranthaceae is 

higher than the reference sainple. - 



Nickel (Ni): Ni concentration in Amaranthaceae species is reported as 19 mglkg in 

sample No. KP-39 (Akhernantera puny$, collected from Deerai Baba, ICanju. 1 mgllcg oS 

Ni is reported in the reference sample. The average coilcentration of Ni in Amaranthaceac 

- is higher than the reference sample. 

Chromium (Cr): Cr conceiltration in Anlaranthaceae species is reported as 39 mglkg in 

sample No. KP-39 (Allhernnntera pzmgs), collected fi-om Deerai Baba, I<mju. 21 mg/kg 

of Cr is reported in the reference sample. The average: collcentration of Cr in 

Amarantl~aceae is higher than the reference sample. 

Cobalt (Co): Co coilcentration in Amaranthaceae species is reported 6 mglkg in sainple 

No. KP-39 (Althcrnmte~m p~~17g.s). collected horn Deerai Baba. Kanju. 0.432 mglkg of 

Co is reported in the reference sample. The average coilcentration of Co i11 

Amarantl~aceae is higher than the reference sample. 

Cadmium (Cd): Cd co~~centration in A~nwanthaceae species is not detected. 

Manganese (Mn): Mn concei~tration in Aillaranthaceae species is reported 70 mgkg in 

sample No. KP-39 (Althernuntern pngs) ,  collected from Deerai Baba, ICanju. 85 mdkg 

of Mn is repoiled in the reference sainple. The average coilcentration of Mil ill 

Amaanthaceae is lower than the reference sample. 



Table. 5.1. Macro and micro nutrients in mglkg in v: ant sp 

Ni 
ra and Kabal area. 

Cd I Mn 1 Ca ""i S.No. Plant sp. ( Fe I Cu 1 Pb 
I I I I 

Poaceae t-- 
Sacchartmz spp. 2606 19 5 

Saccharurrz spp. 4706 30 9 

I 

Oryza snfivu 198 1 7 5 -- 

3 

Zea 117nys 1788 12 5 

KP3 5 Zea r7~ys 3432 53 3 

KP43 Zea lmys 2342 21 4 

KP45 Zea  nays 2569 30 6 

KP46 Zea  nays . 5744 48 5 
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DISCUSSION 

Trace inetal pollution of water, soil and plants is one of the rising issues from 

l~uman as well as animal health's point of view. Water, soil sli~cl plants are interco~lnected 

to each other and human is directly dependent on thein for their survival. Trace metals 

enviroimental pollution is one of the global as well as national issue. The aim of the 

preset study was to assess the geocl~emical and enviroimental consequences of heavy 

inetal pollutioii in water, soil and plants in Mingora and Kabal. areas of the District Swat. 

For materializing the aforementioned planned study, pl~ysiocl~emical parameters, 

especially trace and heavy metals, in soil and plants of the Mingora and Kabal area were 

studied for their e~lviroimental impact on thc ecosystem of the region. The data obtained 

during this study was compared with the standard values (safe limits) as proposed by 

WHO and Allen, 1989 for driidcing water, soils and plants in relation to human health 

conceims and discussed in detail as under. 

Water 

Water is generally used for domestic, irrigation and incl~tstrial purposes. For every 

use it should have certain acceptable quality. Like water for domestic use should have no 

smell, taste and odor, and it should be free of pollutants which are detrimental to 

ecosystem and the existing infrastructures. Therefore, it should have a specific range of 

physiochemical parameters. The irrigation water doesn't have such restrictions as 

donlestic water has beca~lse the plants are tolerant to a wide range of water quality. 

However, the high concentration of boron and dissolved solids is detriinental and the 
. * 

balance of sodium and calcium is crucial for soil structdre. The water quality for industry 

varies with the type of industry. The quality of ground water fkom chemical composition 

point of view is related to the soluble products from rock weathering and decoinposition 

of other agencies, which are responsible for the temporal and spatial changes in both 

surface and ground water. 



The quality of water varies with the local geology, agricult~~rai activities, leaching 

and runoff, industrial and immicipal wastes. Ground water has more mineraI 
/ 

contaninants like arsenic, nitsates and barium etc. than the surface water because as 

water percolates in the rocks, it excavange various chemical parameters from the rocks. 

But surface water occasionally contslins more biological pollutants and more natural 

organic pollutants. However, both ground and surface water contain industrial wastes of 

organic and inorganic derivation. 

The concentration of various trace and heavy elements (i.e., Fe, Cu, Pb, Zn, Ni, 

Cr, Co and Mn) which have significant health and environn~ental concerns, have been 

determined in both surface and ground water of Mingora and Kabal areas of district Swat. 

The water quality evaluation in the area of study is c.ai-ried out to determine its 

potability in terms of drinking, domestic and agricultural purposes. This assessment was 

based on the WHO (1996) standards and the values suggested by Allen (1 989) for natural 

waters. 

Anlong the physio-cl~emical parameter the pH values of both Mingora and Kabal 

waters are witl~in WI-I0 per~nissible limits for drinking water (i-e., <8). Tlie electrical 

conductivity (EC) is generally within the perinissible limit (4400 MSIcmn) of WHO 

(1996). I-Iowever, in certain dug wells of Miqp-a area the EC is exceeding the 

permissible limit. The increased concentration of EC in Mingora water denlollstrates 

more dissolved solids in water. The dissolved oxygen (DO) is within the permissible limit 

(<5mg/1) of WI-I0 (1 996) in both the waters of Mingora and Kabd areas. The turbidity in 

the dug wells, tube wells and spring waters of both Mingora and Kabal areas is within the 

permissible limit (< 5 NTU) of WI-I0 (1996). However, the water of river Swat collected 

near Pearl Hotel has three times higher turbidity. T11i.s water is also used for drinking 

pusposes. The physio-cl~ernical p&an~eters of the waters from both Mingora and Kabal 

area are galerally sdc  for clrinkii~g and otl~er doinestic and agricultural use. 



The light element cations (i.e., Ca, Mg, Na and K) in the waters of Mingora and 

Kabal areas are compared with the permissible limits of WHO (1996) for driilltiilg water 

arid the quality of water is evaluated below. 

Calciu~n is generally found within the permissible h i t  (100 ,&l) of WHO 

(1996) for drinking water and Allen (1986) for natural water. The water samples 

collected from the dug wells in Rahimabad of Miilgora area have Ca higher (123.55 & 

126.35 mgll) than that of the pernlissible limit. This increase can be attrib~~ted to the 

contact of local seams of CaC03 in the area. 

Magnesium concentration in waters of both Mingora and Kabal areas is generally 

within the permissible liinit (50 mgll) of WHO (1996) for drinlting water. However, the 

water samples collected from the dug well and springs in the vicinity of emerald mines in 

Mingora asea are llaving Mg coilcentration higher them the perinissible limit. One dug 

well in the Kabal area is also having Mg contents (56 mgll) higher than the permissible 

limit. The high concentration of Mg in these waters can be attrib~lted to the percolation of 

these waters through the ultrainafic rocks of the inelange zone. 

Sodiuin coillents of the waters of both Mingora and Kabal areas are far below the 

WHO (1 996) nlaxiinum perinissible liinit (200 ingll). One dug well in the Mingora area, 

having 223.05 mg 11 of Na, exceeding the permissible limit. This increase can be 

localized and can be coilsidered harmless. 

Potassium contents in all the surface and ground waters ofthe Mingora and ICabal 

areas are far below the maximum pern~issible liinit of WHO (1996). By comparing the 

waters of Mingora and Kabal areas, it is clear that various lithologies in the areas have 

played an inlpoi-tant role in the increase of Ca and the water of certain areas. The 

general increase of Mg in the waters of Mingora area and Ca in the waters of Kabal area 

can be attributed to the occusrence of ultsamafic roclts in the former and sunphibolites in 

the later. Generally the waters of both Mingora and Kabal areas is safe for driizlting 

purposes as far as the light element cations are concerned. 



The heavy and trace elelnent concentrations (Fe, Cu, Pb, Zil, Ni, Cr, Co and Mn,) 

in tlle waters of both Mingora and ICabal area are evaluated in regard to the maxiinuin - 
permissible limit of WHO (1 996) in the following section. 

. . 

Iron coilcentration in the spring and u~lderground waters of Mingora and I<abul 

areas is within the perinissible limit (300pgA) of WHO (1996) for drinking water. 

I-Iowever, the Swat river in both Mingora and Kabal areas is having high amount (up to 

930 11611) of Fe. One dug well from Sersenai village in Kabal area exceeds the 

permissible limit. This can be attributed to the coi-sosion effect of borehole material or to 

a local redox eilviroilrnent change in groundwater. All the water sainples, however, are 

having Fe within the range (50- 1000 1.1811) for natural water (Allen 1989). 

Copper concentration in the water of Mingora aiid Kabal aseas are far below the 

inaximunl permissible limit (1000 pgil) of the WHO (1996) for dri~king water. Tlie Cu 

contents in maxiillunl water samples of both Mingora and Kabal areas are within the 

range (2-50pgll) for natural water (see Allen, 1989). However, few samples exceeds Cu 

that of natural water in both Mingora and Kabal areas (Table 3.3; chapter 3). 

Lead concentration in the waters of both Mingora and Kabal aseas is generally 

below the maximum peshissible limit (50 pg/:/I) of WHO (1996) for drinking water. The 

two water samples from the dug wells of petsol station at Rahimabad (Mingora) and of 

service station at Sersenai (Kabal) are having 2 fold high coilcentration of Pb as compare 

to the inaxinlum permissible limit of WHO (1996). This can be attributed to the 

contamination from the automobiles washing and petrol leakage in the ground. However, 

the waters of Mingora and Kabal area are having high concentration of Pb as conlpare lo 

that of nat~u-a1 water (see Allen, 1989). . J 

Zinc contents of water from Mingora and Kabal aresa are generally within the 

pem~issible limit (500 &I) of WHO (1996) for safe drinking water. Two samples 

collected from tube well at Kanra Baba and from tape water at Berarai area having higher 

contents 810pg/l aiid 1913pg/l of Zn respectively in the Mingora area (Table 3.3; 



chapter 3). In Kabal area, one sample collected fiom the stream at Kanju area is having 

, high amount (890 pgll) of Zn. Tlie high coilcentration of Zn in these water could be duc 
/ .  

tq'the contact of the water with localized sulfide seems. The water of the study area 

however, is having high concentration of Ziz as compare to that of natural water (5- 

50pS/1) (see Allen. 1989). 

Niclcel coi~centration in the waters of Mingora and ICabal asea is generally within 

the perinissible liinit (50 11911) of WHO (1996) for safe driidcing water and also of natural 

water (5-100pgIl) (Allen, 1989). However, the water samples collected froin the spring 

and dug wells in the vicinity of emerald mines in the Mingora area are having many fold 

high coilcentration (277-344 pgll) of Ni as coinpare to that of WHO (1996). This high 

coilcentration of Ni in these areas can be attributed to the occurrence of ultramafic rocks 

within the inClaiige zone tlrougl~ which the water is percolating and, therefore, absorbing 

Ni. 

Chromium concentration in the waters of Mingora and Kabal area is generally 

within the permissible limit (50 ygll) of WHO 1996). However, inany fold high Cr 

concentration (287-396 pgll) is noticed in the water samples collected froin the springs 

and dug wells in the vicinity of the emerald mines in the Mingora area. The high 

collcentration of Cr in these waters can be attributed to the occurrence of ultramafic rocks 

within the intlange zone in the Mingora area. The Ni and Cr have siinilar distribution 

pattein in both the Mingora and Kabal areas. 

As no availability of maxiinurn penliissible limit of Co for safe drinking water in 

the WHO (1 996) report, therefore, the concentration of Co in the waters of the study m a  

can not be evaluated in regard to health hazards. Hgwever, the data indicate that the 

waters of the study area have high amount of Co as coilipare to the natural water (0.5 - 

2.5 kg/l) reported by Allen (1 989). 



Manganese concentration in the waters of Mingora and Kabal areas are generally 

within the maxi~num permissible limit (1 00pg/1) of WHO (1996) for drinking water and 
/ 

also in the range (1-80 pg/l) for natural water (Allen, 1989). One sample collected at the 

service station near Fazagat in Mingora area is having multi times higher arno~u~t (21 98 

pg/l) of Mn. Tlie source of contamination in this well water could be from the service 

station. 

Soils 

Soils are the ultimate and most important sink of heavy and trace elements in the 

terrestrial environment which may retain contaminants in clay particles and hence have a 

great capacity for receiving, purifying and decomposing wastes and pollutants of 

. different kinds (Boon and Soltanpour, 1992). These metals can be contributed in soiis 

from various sources such as (1) natural geological inaterials from weathering of roclcs 

and minerals (i.e., geogenic source) and (2) domestic sewage, garbage, agricultural return 

flows and industrial effluents generated by I~uinan activities (i.e., antllropogenic source) 

(Fazeli et al., 1998). Soil obtained through these sources is generally altered by chemical, 

physical and biological processes whicl~ support rooted plant life. These chemical 

changes are of greater iinportailce in regard to agricultural and eilvironmental point of 

view. There are certain cations in the soil that are essential for the growth of plants 

kingdom. But cei-lain plants have greater capability f adsorbing high concentration of 

heavy and trace metals from the soil, which pose greater tlueat for the contamination of 

food chain (Doming, 1994; Christensen, 1995). 

For last t h e e  decades, remarkable advancement in the biogeochemical research 

has indicated that heavy a ~ ~ d  trace elements have play/ed a significant role in the health 

and productivity of plants. Similarly, the total concentration of heavy and trace elements, 

their chemistry, mobility and availability to food chain provide the basis for 

understanding the nuinber of 11ealth related hazards in crops, animals and human beings. 

Plants accuin~date these nletals fiom the soil in variable proportion and result in transfer 



of these metals is l~uillans thsough food chain. Tlmefore, the chemistry of soils and plants 

has greater effects on the ecosystem of any region. 

Soils of both Mingora and ICabal areas have been evaluated in regard to 

physiochemical .parameters, light elements oxides and heavy and trace elements and their 

effects on the ecosystem of the region. 

. * 

Among the pl~ysiocl~emical parameters the range of pH, electrical conductivity, 

total dissolved solids, salinity and resistivity is within the safer liillit for agricultural 

purpose. The light element oxides (ie., CaO, MgO, Na20 and K20) of the soils of 

Mingora and Kabal areas have been compared with the nor~nal agricultural soil of Bohn 

et al. (2001). The CaO contents of the majority of soil samples of both Mingora and 

Kabal areas are exceeding the nor~nal agricultural soil ( 2.50%) (Table 4.2, Chapter 4; 

Table 6.1, Fig. 6.  la). This increase in soils of Mingora area can be attributed to talc- 

carbonate racks occurring in the melange zone while the high concentration in soils of 

Kabal area is due to the weathering of the amphibolites exposed in the area. The MgO 

contents of inajority of the soil samples of both Mingora and Kabal area are higher than 

that of the normal agricultural soil (1.50%) of Bohn et al. (2001) (Table 4.2, Chapter 4; 

Table 6.1, Fig. 6 .  la). Some soil samples collected from the mClange zone or its vicinity 

in Mingora are having many fold higher amount (1 6.75 to 29.23%) of MgO. The high 

amount of MgO in the soils of Mingora area can be attributed to the weathering of 

ultramafic rocks of the inelange zone while that of Kabal area is due to the weathering of 

ainphibolites. The concentration of Na20 and K20  in most of the soils of both Mingora 

and Kabal areas also exceeds that of the normal agricult~~al soil of Bohn et a1 (200 1). 

The heavy and trace elements of the soils gf Mingora and Kabal areas are 

compared among thei~~selves and also coinpaed with the nolmal agricult~~rd soils of 

Boll11 et al, (2001). The e~ivironinental effects of these elements on the ecosystem of the 

region are discussed here. 



Iron coilcentration in the soils of Mingora and Kabal areas are lower than Illat of 

,- the norinal agricultural soil (38600 mgll) of Bohn et al. (200 1) (Table 4.2, chapter 4; 

Table 6.1, Fig. 6.1 b). Fe is the most important metal is energy transformation during the 

synthesis of plants' cells and its deficiency in soil is the world wide problem with many 

crops since the large number of cultivated soils are low in Fe contents (ICabata-Pendias & 

Pendias, 2001). However, in the soils rich in soluble Fe fraction, an excessive Fe up lake 

can produce toxic effects in plants (1Cabat.a-Pendias & Pendias, 2001). The studied soils 

have optimum amount of Fe and, therefore, have 110 adverse efrect as fm as the plants' 

growth is concerned. 

Manganese contents of the soils of Mingora and Kabal areas are also lower than 

that of nornlal agricultural soil (-850 ing/l) of Bohn et al. (2001) (Table 4.2, chapter 4; 

Table 6.1, Fig. 6.lb). Mn is, therefore, not considered as hazardous i11 the soils of the 

study area. 

Copper coilcentratioils in the majority of soil samples of Mingora and ICabal areas 

are exceeding that of the normal agricultural soil (-20 mg/L) of Bo1111 et al. (2001) (Table 

4.2, chapter 4; Table 6.1, Fig.6.lb). The soil of Kabal area is, however, enriched in Cu 

relative to that of Mingora area. The occurrence of copper in small amount (4-20 mgll) is 

generally beneficial for the normal growth of the plant while Cu coi~centratioiz less than 4 

- mg/l is considered deficient and more than 20 mg/l is considered toxic (Jones, 1972; 

Adriano, 1986; 2001). The higher co~~centratioil (>20 mg/l) in the soils of Mingora and 

Kabal areas could be hazasdous as far as the noimal growth of plants in concerned. 

Lead contents in almost all the soil sanlples of Mingow and Kabal areas are many 

fold higher than that of the normal agricultural soils e l 0  nzg/l) of Bolm et al. (2001) 

(Table 4.2, chapter 4; Table 6.1, Fig.6.lb). The soil of Kabal area on average is, however, 

enriched in Pb as compare to Mingora area. Total Pb contents of soil is not a good 

indicator of Pb phytoavailability mtil the availability of extractable Pb for plant uptake is 

lcnown (Adriano, 1986; 2001). During uptake, Pb is concentrated in the roots as 

compared to other parts of the plants. However, Pb pl~ytotoxicity is low as compared to 



the other trace elements (Chino, 1981; Adriano, 1986; 2001; Kabata-Pcndias & Pcndias, 

2001) The high concentration of Pb in the soil of Mingora and Kabal areas could be 
.' . c~nsidered as producing Pb phytotoxicity in the plants of the area. 

Zinc co~ltents of the majority of the soil samples of Mingora and Kabal aseas are 

within the limit (50 ingll) for noriz~al agricult~lral soils of Bohn el al. (2001) (Table 4.2, 

chapter 4; Table 6.1, Fig.6.lb). However, at some places the soils also coiitain higher 

amount of Zn. The two soil samples, collected from Kotlai village, in Kabal area, are 

having mudtifold higher amount (245 mg/l and 405 111g/l) of Zn. Zinc is very iinpoitant 

elenlent for the noinla1 growth of plants and its deficiency can highly effect the nutritious 

quality of plants but its high concentration in the soils could be toxic for tlie plants 

(Adriano, 1986; 2001; Kabata-Pendias & Pendias, 2001). Therefore, it is suggested that 

the soils of Mingora and Kabal area are generally not having any toxic effects of Zn on 

. - plants, but the soils of Kotlai village need further investigation regarding Zn toxicity and 

its possible source of enricliinent. 

Niclcel contents of the soils of both Mingora and Kabal areas suggest that these 

soils are highly enriched in Ni as compared to that of normal agricultural soil (-40 mgll) 

of Bolm et al. (200.1) (Table 4.2 & 6.1 ; Fig. G.lb). The soils within the iliClange zone or 

in its vicinity in tlie Mingora area nre having anomalous values (3 18 to 1929 mgll) of Ni. 

This can be attrib~ited to the formation of this soil due to the weathering of ultranlafic 

rocks within the mClange zone. The soils of Kabal area (on average basis) are relatively 

less enriched as conlpai-e to that of Mingora area (Table 4.2, chapter 4; Table 6.1, 

Fig.6.lb). Niclcel is beneficial for the plant growth if present in normal amount in soil, 

however, the soil with high concei~tration, especially derived ftom the ultramafic rocks, 

can produce toxicity syinptoms in plants (Misra, 1974; Adriano, 1986; 2001; Kabata- ./ 
Pendias & Pendias, 2001). Therefore, the soils of Mingora area can be coiisiderecl more 

toxic for plant kingdom as far as the Ni concentration in the soils of tlie mea is concerned. 

Chromi~un coilcentration in the soils of Mingora and Kabal areas has similar 
L 

distribution as that of nickel. It is lnaliy fold higher than that of nornial agricultural soil 



(-20 mgll) (Table 4.2, chapter 4; Table 6.1, Fig.G.lb) . In the soils of lnClange zone and 

/ its vicinity it is highly anomalous (357 to 5647 mg/l). The source of this enrichment 

could be the ultrainafic roclts in mClange zone. Cr. Shows highly vasiable oxidation state 

(from I1 to VI). However, naturally occurring Cr coinpound lmve principal valences of I11 

(clu-ornic) and VI (Chromate). The Cr (VI) is nluch less stable than Cr (111) and can very 

easily be mobilized in both acid and alkaline soils. However, the C(111) can only be 

mobilized in the acidic soils (Adriano, 1986; Kabata-Pendias & Pendias, 2001). Cr has 

stimulatory effects on the growll~ of the plants and could be toxic in these soils which are 

deiived from the ultramaiic roclts (Adriano, 1986; 2001). The soils of Mingora and Icabal 

areas, as have been derived fro the ultranlafic rocks, could produce toxic effect in the 

plant kingdom of the area. 

Cobalt contents in the soils of Mingora and Kabal areas is higher than that of the 

llorlllal agricultural soil (-8 mgll) 01 Bohn et al. (2001) (Table 4.2, chapter 4; Tablc 6.1, 

Fig.G.lb). Co is of greater nu1ritional colzcern and. therelore, its presence in soil is 

essential for the biological activities (Kabata-Peizdias & Pendias, 2001). The soils of 

Mingora and Kabal area are, therefore, safe as far sls the Co toxicity is concerned. 

Cadmium concei~trations in the soils of Mingora and Kabal areas are exceeding 

that of normal agricultural soil (- 0.05 mgh) of Bohn et al. (2001) (Table 4.2, chapter 4; 

Table 6.1, Fig.6.1 b). Soil contamiimtion with Ca is believed to be a most serious health 

risk. However, the Cd concentration (<4 mdl) in the studied soil is not considered as 

hazardous for the plant IGngdoln of the area (Adriano, 1986; 2001; Kabata-Pendias & 

Pendias, 2001). 
./ 

Plants 
. * 

Plants play an important role in cycling the heavy and trace elements from the soil 

and contaminating t l~e  food chain to greater extent and hence threatening the ecosystem 

of the region. Plants are receptacle to heavy and trace inetals in variable proportion 



depending on the pl~ysiological reactions of each plant species (Tiffin, 1977). Therefore, 

plants are acting as inlerinediate reservoirs through whicl~ trace elements move from soil , 

to human beings and animals and are resulting in 11eallh related llazards. The chemistiy of 

Plants are also effectively used for geochemical exploration and prospecting of metallic 

ores (Vernadslty, 1998; Warren, 1975; Dobrovolsky, 1994; Kovalevsky, 1991 ; Hawltes & 

Web, 1962; Rose el al. 1979). 

Various plants have been collected from the Mingora and Kabal areas, wlzich are 

generally wild in nature on the soils derived froin nzafic and ultrainafic rocks. Similar 

plants have been collected fi-om the other areas where the soil. has no input from the mafic 

and ultrainafic rocks and are, therefore, used as reference samples. These different groups 

of plant species were analyzed for heavy and trace elements (Table 5.1, chapter 5; Table 

6.2) and the results are discussed in regard to their ei~viroiunental degradation, if any. 

. * 
Iron concentration in the Asieraceac is reaching to nlaximuin (10056 mgll) with 

an average amount of 71 63 mg/l. The miniiz~um Fe concentration is present in the 

Utricucene (average -1 722 mg/l) and Papilionaceae (average= 1744 mgll). The Fe 

co~~centration is found in the decreasing order of Aslemcenc>Labintec~e> 

Cunncrbinncene>PoZygonacecte~Snpin~lnceae~ Poc~ceae~Sirnarz~b~tc~'ae~Papiliona~~~~e 

> Utvicuceae> (Table 6.2). The variable s l~ount  of Fe has been reported in the plants 

because the ability to absorb Fe is not always conslant but is depending on the changing 

conditions of soil and climate (Kabatsl-Pendias & Pendias, 2001). The fodder plants have 

Fe contents in the range of 18 to 1000 mgll while the nutrition of the grazing aniinals is 

usually met with Fe coilcentralion ranging from 50 to 100 mg/l in the forage (Kabata- 

Pendias & Pendias, 2001. Fe toxicity is also vaiying in the plants species and in certain 

species the injuries of leaves or necrotic spots have.lbeen reported (Kabata-Pendias & 

Pendias, 2001). The iron concentration in soil~c plants (i.e., Asteraccae, Lnbialeae and 

Cnnnabinaceae) of Mingora and Kabal area is many fold higher than amount of Fe in 

reference plants and therefore, co~lsidered hamfi~l  for the ecosystem of the region. 



Manganese occurs in maximum conceiltration (374 ingll) ill the Cannahinnceae 

plant (average - 250 mfJ1) while the minimum ainount (5 rngll) of Mn is noticed in , 

Pbpilionaceae (Table 6.2). The decreasing trend of Mn in t l ~ e  studied plants is observed 

as:Cannabinaceae>Simnr~~ba~eae~L~biatec~c~Polygona~eae:~A~tera~eac Utricaceae> 

Poncene>Snpindciceoe> Pupilionnccne (Table. 6.2). Greater variability in the 

concentration of Mn is observed in the studied plants. Wide variation in the Mn contents 

(30 to 500 mgll) among plant species grown on the same soil has also been discussed by 

Loneragan (1975). A relatively small varialion (15 to 25 mgll) has been observed in Mi1 

content of cereal grains throughout the world (Kabata-Pendias & Pendias, 2001). The 

critical deficiency level for most of the plants is ranging from 15 to 25 mgll, whereas the 

toxic level of Mi1 in planis is variable depending on both plant and the associated soil 

(Kabata-Pendias & Pendias, 2001). Mn contents of the plants of Mingora and Kabal areas 

are not reaching the toxic concentration and are, therefore, posing no environrnenlal 

problem to the ecosystem. 

Copper concentrations in the plants of Mingora and Kabal areas have been 

observed as maxiinurn (68 mgll) and minimum (7 mgll) with an average ainount of 30 

mgll in the Pomene (Table 6.2). Cu contents in tlese plants are in the decreasing order of 

Poaceae>Cannabinacene> Labia~eae~Simarubacea~Astemcea~>Scpindc~cec~e> Utricac 

eae> Polygonaceae> Popilionaceae (Table 6.3). CLI deficiency in plants exhibits large 

genetic differences and the Cu < 2 mgll is considered in adequate for inany of the plants 

(Kabata-Pendias & Pendias, 2001). Copper in very sinall amount of 5 to 20 mgll in plant 

tissue is adeq~mte for normal growth of plant wlde more than 20 mg/l is considered as 

toxic for many plants (Jones, 1972). In this regud Poaceae and Canncrbinnceae are 

having Cu in the toxic level while rest of the plants are having CLI in the permissible 

limit. .# 

.a Maxiillurn lead contents of 8 mgll (average=7 mgll) and miniinum Pb contents of 

2 ingll (average - 2 mgll) are found in Siinarubaceae and Papilionaceae respectively 

(Table 6.2). The decreasing order of Pb contents in these plants is as; Simar~~baceae > 

Utricaceae~As~eraccac>Poaceae>Labi~iteae>Snpin~laceae>C~rnnabinaceae>Po2ygonnce 



ae>Papilionaceas (Table 6.2). Pb in the coilcentration of 2 to 6 g/l is sufficient for the 

normal growth of the plant (Broyer et a]., 1972). Background level of Pb in the forage 

plants is averaging to 2.5 mg/l (Icabata-Pendias & Pendias, 2001). Phytotoxicity of 1% is 

relatively low compared with the other trace eleinents (Adriano, 1986). Pb concentration 

in the plants of Mingora and Kabal areas is relatively high as far as the noriilal 

coizcentration of Pb in various plants is concerned, but it pose no threat to the ecosystem 

of the region (Adriano, 1986; Kabata-Pendias & Pendias, 2001). 

Zinc is found highly variable in some of the families of the plants. Its maximum 

(43 mg/l) and minimuin (4 111g/l) a~ilouilts have been Iound in Poaceue (Table 6.2) 011 

avcrugc tl~c 01-dcr of dccreasiilg conccnlmation of 211 i n  these plant is as: Ccmmchinacc~re~ 

nbiateae>Asteraceue>Poaceue>Si~~~u~~ubcccueSapindcceue: Utricaceue>Papilionuc~c~ 

e>Polygonucene (Table 6.2). Zinc plays an ilnportant role in the metabolism within 

plants (Lindsay, 1972; Price et al., 1972). Zinc is not coilsidered to be highly phytotoxic. 

However, the toxicity limit for Zn depends on the plant species and genotypes as well as 

011 the growth stage (Pendias & Pendias, 2001). Upper toxic limit in most of the plants is 

ranging from 100 to 500 mg/l (Macnicol & Becltelt, 1985). According to Jones (1972), 

the optiinuin requirement of Zn for plants varies greatly and, therefore, it is diEcult to 

establish a single critical value. 'f-Iowever, plants with Zn contents below 20 mg/l are 

suspected of Z11 deficiency with nornlal values ranging frol-n 2.5 to 150 mg/l of Zn (Jone, 

1972). Zn contents of plants in Mingora and ICabal areas are generally deficient in Zn 

and, therefore, no any enviroi~mental threats can bc expected in the region in this regard. 

Nickel concentration in the plants of Mingora and Kabal areas is found maximunl 

(289 mgA) in Poaceae and i n i n i m u ~ ~  (20 mgA) in Utvicuceae (Table 6.2). Most of the 

plants species show variable Ni concentration. However, more or less constant and high 

amount of Ni is noticed in the Papilionuceac (Table 6.2). Ni cvilcentration in these plants 

is decreasing on average in the order as: Pcpi l ionaceue~Poace~~e~Si~n~~ruba~~ue> 

Labiatene~Astemceue~Cannnbic~n~~ceae~Scpinduceae~Poly~~on~cec~e Utricaceae 

(Table 6.2). The phytotoxic Ni con'centrations are ranging widely anlong plant species 

and have been reported for various plants to be from 40 to 246 mg/l (Gough et al., 1979) 



and < 1 to 300 mg/l (Mislua & Kas, 1974). The Ni concentration in the two plant families 

- . (i.e., Papilionaceae and Poaceae) is considered to be in the toxic range while the other 

plants are not having Ni coiltents to the alarming level in the WIingora and Kabal areas. 

Chromi~~m in the plants of Mingora and Ibbal areas has maximuilz amount (358 

rngfl) in Poacene and mininlurn amount (39 mgll) in Simarubaceue (Table 6.2). 

However, the highest average amount of Cr is found in Papilionciceae with the lowest 

variability in Cr concentration (Table 6.2). Cr on average is decreasing in these plants in 

the order of Pupilio~acenc> Poacene> Pohygonacene> Utri'cucec/e> Cunnnbinncecle> 

Asternceae> Snpinduceae> Siinnrubaceae (Table 6.2). The toxicity limit is generally 

reported as 1 to 10 mgll (Macnicol & Beckett, 1985). Adriano (1986) suggested that for 

many plant species Cr proved to be toxic at about 5 mgll. 111 this regard all the studied 

plants of Mingora and Kabal area have manifold high concentration of Cr as compared to 

that of recommended level for toxicity in plants. Therefore, the effects of Cr on the 

ecosystem of the region could be l~azasdous. 

Cobalt and cadmium concentrations in the plants of Mingora and Kabal areas are 

low and are not considered as toxic as far as the maximum toxic level of these nletals in 

various plants are concerned (Adriano, 1986; 200 1 ; Kabata-Pendias & Pendias, 2001). 

The total average uptake of the heavy and trace elements by various plants of the 

Mingora and Kabal area have the relation: Fe >Cr>Ni>l\/ln>Cu>Zn>Co>Pb>Cd in 

Poaceae while in rest of all the plants similar relation of Fe> Mn>Cr>Ni>Cu> Co> 

Pb>Cd has been noticed. The existence of heavy and trace elements in soils of Mingora 

and Kabal areas have the relation: F ~ > C ~ > N ~ > Z ~ ~ > M I I > C L I > P ~ > C ~ > C ~  in the former and 

F~>C~>N~>M~.I>P~>Z~I>CLI>CO>C~ in the latter. This suggests the variable uptake rate of 

various metals from the soils occur in different plants because of their different 

adsorbinglabsorbing capacity for these elements (Shah et al., 2004). The high uptale of 

Fe, Cr and Ni is consisteilt in all plants. I-lowever, Pcyilionnceoe and Poacene are having 

maxin~~un accunulation of Cr and Ni in their tissues. This can be attributed to the 

e~lriclment of Cr and Ni in the soils due to the weathering of the nlafic and ultranmfic 
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roclts of the region and also the ability of absorbing these metals from the soil by these 

plants. According to ~aittetl:  and Jaines (1979) and Gough et al. (1986), Cr in the soil is 

usually oxidized from Cr (111) to Cr (V1) and then it is available for uptalte in plants. The 

multifold enrichment of Cr and Ni in the Papilionaceae and Poaceae as compared to the 

other plants of.the study area suggests that these plants have the ability to uptake and 

translocate Cr (VI) and Ni in their tissues (ICafayatullah et al., 2001). 

Enriclment and depletion of the heavy and trace eleilxnts have been established 

in the plants geiierally self-grow11 in the soils derived from mafic and ultramafic rocks of 

the Mingora and I<abal areas relative to the reference plants grown on the soil having 110 

input from the mafic and ultramafic rocks (Fig.6.2). The data suggest that all the plants 

are vasiably enriched in Fe, Cu, Pb, Zn, Ni, Cr, Co, Cd and Mn (Fig.6.2). However, it is 

well observed that Pcpilionaceae and Poacec~e have multifold high concentration relative 

to the other plant species grown on the same soil (Fig.6.2) further suggests that these 

plants have high ability to uptake and translocate Cr and Ni in ,their tissues. 

The inter-element corselation in the soils and plants of the Mingora and Kabal 

areas have been calculated and the results are given in Table 6.3 and 6.4 respectively. 

Table 6.3 exhibits that a negligible correlation (r=<0.82) of elen~ents exists in the soil 

while no correlation (1- <0.35) of elements in the plant is noticed (Table 6.4). The plant- 

soil correlation was also established by calculating the coi~elation coefficient for h e a ~ ~ y  

and trace element concentration ill the soils and plants of the Mingora and Kabal area and 

the results are shown in Figure 6.3. It is clear from this figure that no corelalion 

(r=<0.17) exist for Cr, Pb, Zn and Fe (Fig. 6.3). However, weak correiations for Cr (r= 

0.620) and for Ni (r= 0.713) have been noticed (Fig. 6.3). No correlation in Cr, Pb, Zn 

and Fe can be attributed to the greater variation of thqe eleme~lts in the soil and also the 

variable uptalte rate of the different plants (see Bloenlen et al., 1995; Kabata-Pendias & 

Pendias, 2001; I<afayatullah et al., 2001; Shah et al., 2004). 
. 

The biogeochemical studies shows that the ability of various plants to 

absorbladsorb greater amount of various heavy and trace elenlents from the soil has 



provided significant clues for both mineral prospecting and enviroi~mental degradation 

(Hawltes and Webb, 1962; Levinson 1974; Rose et al., 1979; Adriano, 1986; 2001 ; 

Kabata-Pendias & Pendias, 2001; Bohn et al., 2001). It has been noticed during this study 

that most of the heavy and trace elements (i.e., Fe Mn, Cu, Pb, Zn, Co, Cd) in the soils of 

the Mingora and Kabal areas though enriched relative to the nornlal soils but their effects 

on the plant kingdom can not be considered hazardous. However, the variable increase of 

Cr and Ni in the plants species, especially in Pnpilionnceae and Pocmue, grown on the 

soils derived from inafic and ultramalic rocks can be applicable not only to minerai 

exploration but also to environmental and toxicological concern because the Cr, 

particularly Cr (VI) and Ni can be toxic. The Cr and Ni toxicology and their carcinogenic 

effects on both animals and human beings are well reported (Furst, 1971, Tl~ornton, 1987; 

Adriano, 1986; 2001; Kabata-Pendias & Pendias, 2001; Bolm et al., 2001). 

The increased concentration of Cr and Ni reported in the soils and plants during 

this study is indicative of the fact that the possibilities of transferring of these inetals fi-om 

foliage to the animals aild t l~en to the inhabitants of the area though meat and milk of 

these animals. In this regard detailed studies involving the biochemist, geochemist, and 

epideil~iologists need to be carried out in order to unravel the toxicity caused by these 

elements in the area of study. 



Table 4.1. Comparison of the average light element 
oxides and heavy and Trace elements of the 
soils of Mingora and Ibbal areas with that - 
of reference soils and normal soils 

I l~ ingora  1~aba1 I~eference /~orrnal soil 1 
(Light element oxides I 
CaO 
MBO 

3.11 
10 

Heavy and trace elements 
2445 Fe 

4.81 
2.22 

3860 253951 29721 

2.50 
1.42 

2.50 
1 S O  





Utricaceae 
Min Max 
1706 1738 
39 7 0 
11 15 
5 6 
10 12 
20 30 
46 68 
6 6 

0.22 0.226 
6779 7579 
529 71 19 
134 136 

3344 3494 

Cannabinaceae 
Min Max 
3456 9925 
126 374 
27 3 3 
3 4 

25 3 0 
3 5 3 9 
4 8 53 
7 9 

0.276 0.289 
13545 20645 
946 3505 
77 278 

5013 7594 

Simarubaceae 

Min Max 
2367 3369 
130 145 
19 25 
6 8 

17 22 
53 64 
39 43 
5 7 

0.234 0.286 
1675 16466 
272 291 
134 1 72 

4325 5994 



Table 6.3. Interelement correlations in the soils of Mingora n d  Kabal areas, Swat, 
-. Pakistan 

Table 6.4. Interelement correlations in the plants of Mingora and Kabal areas, Swat, 
Pakistan 



ti3 Reference soil 

CaO MgO Na20 K.20 

Light element oxides 

Fig.6. 1 a. Comparison of the average concentration of light element oxides in the soils of 

Fe Mn Cu Pb Zn Ni Cr Co Cd 

Heavy and trace elements 

Fig.6. lb. Comparison of the heavy and trace elements concentrations in the soils of Mingora and 
Kabal areas with that of reference soil and normal soils. 



Heavy and Trace elements 

Fig. 6.  2. Enricliment and depletion of various heavy and trace elements in the plants of the 
Mingora and Kabal area, Swat, Pakistan. POA, Poaceae, PAP, Papilionaceae, POL, 
Polygonaceae, LAB, Labiateae, AST, Asteraceae, SAP, Sapindaceae, UTR, Utricaceae, 
CAN, Cannabinaceae, SIM, S imarubaceae. 
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Fig. 6.3. Correlation between concentration of various heavy and trace elements in the 
Plants and associated soils of the Mingora and Kabal areas, Swat, Pakistan. 



CONCLUSIONS 

- . Following are the co~~c l~~s ions  of this study: 

The physio-chemical parameters (i.e., pH, EC, TDS, DO, turbidity) of the waters 
of Mingora and Kabal areas are within the WHO pern~issible limit for drinlcing 
water. However, the water of river Swat has relatively high turbidity. 

An~ong the light elements Ca, Mg, Na and K are generally within the WI-I0 
permissible limit for drinlcing water. However, Mg in the springs and dug wells 
within and in the premises of melange zone in the Mingora area are exceeding the 
per~nissible limit. 

e Among the heavy and trace eleinents Fe, Cu, Pb, ZII, Co and Mn are within the 
WI-IO permissible limit for drinlting water. The concentration of Cr and Ni in the 
Kabal area are generally within the pernlissible limit but the water of springs and 
dug wells within or in the pre~nises of mClange zone in Mingora area lias many 
folds high concentration of both these elements. 

e The physio-chemical parameters (i.e., pH, EC, TDS, DO, turbidity) of the soils of 
Mingora and Kabal areas are within the permissible limit of the normal 
agricultural soil. 

o The concentration of light elenlent major oxides (i.e., CaO, MgO, NazO, K20) in  
majority of the soils of the Mingora and Kabal areas are generally exceeding that 
of nonnal agricultural soils. I-Iowever, the MgO contents of soils from within and 
adjacent areas of the lilelange zone are relatively very high. 

The soils of the Mingora and Kabal areas are generally enriched in Cu, Pb, Zn, 
Ni, Cr, Co and Cd and are deficient in Fe and Mn. However, Cr and Ni in soils 
within and adjacent to the mClange zone in Mingora are many-fold higher than 
that of the normal agricultural soil. 

The co~~ceilrratioils of light, heavy and trace elements in all the studied plants of 
Mingora a id  Icabal areas are higlily variable. However, the Papilionuceae and 
Poaceae have multifold high concentration relative to the other plant species 
grown on the same soil. 

I 

e There is no inter-element correlation within these plants. However, vely weak 
con.elation has been noticed in Cr, Pb, Zn. 

The increased concentration of Cr, Ni and Mg in the water, soils and plants of the 
Mingora can be attributed to the occurrence of nmfic and ultramafic roclts within 
the rnClange zone exposed in the area. 



The peclo and bio-geochemistry of the Kabal and Mingora area has g:eatei 
iinplicatiom in the geocheimical explorationan and environmental degrada~ron in 
the study area. 

e There could be the increase in Cr and Ni concentration in the blood the 
inhabitants of the area by transfe'ering of these metals fro111 forage to the aniinals 
and then through meat and milk to the 11uman-being. Further de~ailed 
investigations in the study area are, therefore, proposed. 
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ANNEX 31 

Description of Water Samples 
Sample I Lactation I Source 
code 
W I ,  W I-A 

W2 

Raj Abad/Maluk Abad 

W3 

W4, W4-A 

Tap water 
Union council 
Maluk Abad, Mingora 

W5, W5-A 

W6, WG-A 

W7, W7-A 

Spring water 

Maluk Abad, Mingora 

Maluk Abad towards Fizagat 

Well water. Depth of the well 
was about 50 feet but its surface 
is about 10 feet and well itself 
is 40 feet deep. It was near mine 
area. 
Spring water 

Maluk Abad towards Fizagat 

From car washing service 
station near at Fizagat near 
~tiine area 
Hayat Abad 

Dug well W8, W8-A 
I I 

Flowing water may be from 
another spring 
Well water 
Depth of well 60 feet 

Tube well 

Hayat Aabad 

W9, W9-A 

W 1 0, W 10-A 

W13, W13- I Qambar, Mingora I Dug well, 70 feet deep 

W 1 1, Wl l -A  

W 12, W 12-A 

Haya Abad 

Kanra Baba 

Dug well 

Tube wet1 No. 7 . 

Rahi~n Abad, near road, 
Mingora 
Filling station, Rahin~ Abad 

A 
W 14, W14- 

Dug well, having depth of about 
3 0 feet 
Dug well having 30 feet 

A 
W 15, W 15- 

Qambar, Mingora 

A 
W 16, W 16- 
A 

Dugu well, 40 feet deep 

Qambar, Mingora 

W 17, W 1 7-A 
W 18, W 18-A 

W 19, W 19-A 

towards Kabal. Collected at 
SLI I I I I~  day 

Tube well 

From petrol pump, 
Rahimabad 

W20, W20-A 

Location 

Dug well 
J 

Marghiuzar 
Collected from Rivers Swat 
near River Pear Hotel 
Collected at Ningulai from 

Stream water 
River water 

River Water 
River Swat tributary 
Taken from stream at Kaniu Stream water 



W2 1, W21 -A I K a ~ ~ j u  village bazaar 

I 

W23, W23-A I Deerai Baba, Kanj~ju 

W22, W22- 
A 

towards 1 G a 1  
ICa~iju Village 

W25, W25-A Aligrama 

W26, W26-A Aligrama 
I 

I 

W29, W29-A ( Near girls School, G~~ljabba, 

W27, W27-A 
I 

Hazara towards Kabal 

W28, W28-A Hazara 

W30, W3O-A 
ICabal 
Near girls School, ICabal 

W33, W33-A Sarsenai 

W34, W34-A Sarsenai 

W4 1, W4 1 -A Meelagali towards Kabal 

W42, W42-A 

W44, W44-A 1 Landakai 

Kotlai 

W43, W43-A 

Stream 2 N 34 48 423 
E 72 20 083 

Mingora 

Spring I N 34 48 229 

- .  
E 72 18 360 
P 

Stream having muddy water N 34 48 130 

Dug well at a Mosque, having 

Main Stream after 
Iiazara (Between 
Guljabba) 
Pumping well 

E 72 18 529 
N 34 48 130 

Dug well withing Silk mill on I N 34 47 968 

Tube well 
E 72 17 475 
N 34 47 452 

main road 
- 

Dug well at n house 
E 72 17 044 
N 34 48 782 

Dugwell at a filling station, 
E 7 2  16 810 
N 34 48 782 

having 90 ft depth- 
Dug well having depth of 90 ft 

E 72 16 810 
N 34 49 504 

- 
Dug we11 at service station 

E 72 I6 564 
N 34 49 504 

Sprig near Police Model 

Spring / N 34 47 162 

E 72 I6 564 
N 34 47 532 

~ e ~ o r t i n ~  Center at Mosque 
Spring, about 10 steps farther 

E 72 17 230 
N 34 47 532 

Stream ./ 

E 72 12 722 
N 34 47 148 

Tube well, powered by tractor 

Dug well 

towards Mingora. (Speedy and 1 E 72 20 8 15 

E 72 13 442 
N 34 47 100 
E 72 13 971 
N 34 46 880 - 

Swat River at Kaiiju brigde 
E 72 I5 203 
N 34 47 485 

. - 

Clear water) - 
Swat River N 34 39 823 



Description of soil samples, Mingora 

W45, W45-A 

Maluk Abacl 

Berarai, I<hwazakhela 

code 
S 1 Dark brownish red. Fine to sandy 

Maluk Abad 

Tap water 

S 2 

Malu k Abad 

E 72 07 985 
N 34 55 703 

texture 
Same soil as of S1 

Maluk Abad (within the 
S4 
S5 

emeralds mine limits) 
Malulc Abacl (within the 
emeralds mine limits) 
Maluk abnd (within the 

Same as S3 (P4 without soil) 

emeralds mine limits) 
Area of mine towards Fizagat 

Area of mine towards Fizagat 

Area of mine towards Fizagat 

Area of mine towards Fizagat 

Hayat Abad, Fizagat 

S 11 Same as S 10, so not collected 

Hayat Abad, Fizagat 

S13- A 
S13-B 
S 14 
S 15- A 
S 15- B 

Kanara Baba 

Top soil 
Subsoil (agricultural soil 

Soil from rice paddies 

R a h h  Abad ~noiintain 
J 

S 17 

Rahim Abad moiuitain 

Rahim Abad mountain 

Rahim Abad ino~mtain 
I 

S 2 1-A I Agricultural soil Rslhi~n Abad 



I S22 I 1 Rahim Abad 
I I 

Soil Reference samples from baren area, Mingora 
( 523 I From graphitic schist I Odigsam I N 34 44 482 

S33 

S34- A 
S34- B 

Qamber, M ingora 

E 73 17 244 
S 26 From agricultural field Odigram N 34 44 482 

Agricultural soil 

S 25 

S29 From Melang zone Odigram N 34 45 426 

Rahini Abad 

- .  

~ e s c r i ~ t i o n  of soil samples from Kanju- Kabal area 

537 I I Knajju, Deerai Baba I N 3 4  48226 

- 

Odigram 

S. Code 
S 35- A 
S35 - B  

S 36-A 

E 73 17 244 
N 34 44 482 

Description 
Agri soil 

Agri soil (field of lady finger) 

S 40 
I I I 

Area 
ICa~iju village, just after 
ICnaju airport towards 
1Caba1 near second stream 
Ihaju village 

pp 

S 41 

S 42-A 
S42- B 
S43 -A 

S45 ( Agri field at Kabal ( Kabal I N 34 47 968 

Location 
N 34 48 423 
E 72 20 083 

N 34 48 306 

1 Deerai Baba, Kanju I N 3 4 4 8 2 1 1  

S43- B 
S44 

E 7 2  19 512 

From horticultitral and agri field 

Agri field, at Hazara 

Deerai Baba, Ka t i j~~  

Agri field ncar Kabal girls school 

S47- A 

N 34 48 21 1 
E  72 19 501 

Deerai Baba, Knju 

Hazara towards Kabal 

S47- B 
S48- A 
S48- B 
S49- A 

E 72 19 501 
N 34 48 229 
E 72 19 529 
N 34 48 001 

ICabal 

Agri field 

S49- B 
S 5 0-A 

E 72 18 023 
N 34 47 452 

Agri field at Sirsenai 

Agri field near Police model 

S50- B 
S5 1 

Kabal 

reporting centre, ICabal 
Agri field on roadside at Landay, 

which are strong ainpl~ibolites at 
Meelagah-I<otlai, 14 kni Kabal 

E72 17044 
N 34 47 968 

Sirsenai, 'kabal 

Main bazaar Kabal 

~ a b a l  
Collected from kabal ~nountain, 

E 72 12 722 

E 72 17 044 
N 34 49 504 
E 72 16 564 
N 34 47 532 

towards shamozai 
Landay, Kabal 

E72 17230 
N 34 47 054 

Meelagali-Kotlai 
E72  16685 
N 34 47 162 



towards west 
S52 Meelagah-Kotlai N 34 47 162 

E 72 12 722 
S53 Light in  color Meelagah-Kotlai N 34 47 162 

E 72 12 722 
S55 Light in color Meelagah-Kotlai N 34 47 162 

E72 12 722 
S57- A Agri field End point of Meelagali- N 34 47 148 - 

S57- B Kotlai E 72 13 442 
S58 Collected from peach garden Kotlai, Kabal N 34 46 880 

E72 15203 --- 
S59-A Collected atjunction of Kabal Kotlai N 34 46 622 

Blank 1 From 
Blank 2 Malani-jabba 

Beaker F+ 

G liwaras l q  I 
Grass T 
Tarokay P9-I 

elongated conical leaves and tliin 

Description of plant samples 
Description Location 

Hiegl~t about 2% feet, 
multibranched with violet color 
small flowers and snzall sized 

N 34 46 842 
E 72 21 768 

[eaves. 
El liptical leaves N 34 46 852 

Small herb, muttibrai~ched with 
small height, light green in color 

color 

N 34 46 85 1 
E 72 21 768 

tl1orny 
Broad leaved, bright green i n  N 34 46 872 

Area of 
collection 
Malitk abad, 
Mingora 

Long scales like grass 

Raja abad1Maluk 
abad (Union 
Co~uncil) 

N 34 46 872 
E 72 21 964 

Raja abad/MaIirli 
abad (Union 
Co~mcil) 
Malulc Abad, 
Mingora 

Within in the 
milie limits, 
Maluk Abad, 
Mingora 
Within in the 
mine limits, 
Maluk Abad, 
M ingora 
Within in the 
mine limits, 
Maluk Abad, 
Mingora 
Area of mines 
towards Fizagat 
Area of ~uines 
towards Fiza~at  



Yellowisl~ green, small height 
with about more than 6 inches. 
Fern with pink sn~all flowers 

Gandery Area of mines 
towards Fizagat 
Area of mines 
towards Fizagat 
Area of inines 
towards Fizagat 
Area of 111 ines 
towarcls Fizagat 
Area of mines 
towards Fizacat 

Grass 

Beaker, Collected without soil, as soil is 
same like Sl 1 and S12 
Collected witlio~~t soil, as soil is 
same like S1 1 and S12 
Whole plant is coiisisted of scales Hayat Abad, 

M ingol-a 
Kanra Baba 

Rahim Abacl, 
mountain, 
Mingora 
Rah i ~n A bad, 
mountain 

nioi~ntain 
Rali iin Abaci, Collected from agricultural field, 

Light green i n  color 
Dark green color shrub 

Jowar 

Bhang Rahim A bad, 
Mi ngora 
Balograni, Elliptical leaves. Collected from 

Melai~z zone Mingora 
Raliim Abad, Jowar 
Mingora 
ICali-j 1.1 village Taken from agricultural field at 

K a ~ ~ j u  village just after Airport 
Jowar i 

I h i j  u Village 
I toward Kabal near 2"d stream 

Bendai 

Deerai baba, 
Kaii-j u 
Deelai Baba, 
Kanj u 
Deerai Baba, 
Knaj 11 

Thorny stern, 2-3 feet height 

Taroky Shrub with bright green 

( same that of P40. Having about 1 

Grass Collected without soil, as soil was 
same as of P37. 
Collected without soil as was 

Deerai Baba, Palosa 
Kiiaj u 
Deerai Baba, 

foot hight, multibl-anche;. 
Thorny fern, dull green leaves. 

I Bright green color leaves, short 
Kaniu 

Shandai Deerai Baba, 
Kallj u 

lieighted 
Collected from direct 

I-Iazara towards I Jowar 

ampliibolites witliout soil as soil 
as smne to 543, 
Bright green color, cof lected from 



- I 

P45 I Jowar 

I 

P49 I Jowar 

P51- I Gliwarskay F, 
Arlianda 

P 56 1 Skha bootay 

agric~~ltural Field adjancent to 
stream. 
Short highted tree, with bright 
green color leaves, Collected 
without soil, as soil was same as 
of P43 
Collected fiom agricultural field 

Collected from agricultural field 
near silk mill 
Collected from agri field having 
maiz akd peach ;rchards 
Collected fi-om agri field 

Collected from agricultural field 

Collected from agriculti~ral field, 
liaving bright color 
ColIccted from agsicultiiral field - 
witl~out soil as soil was same as 
for P50 
Bright green color sl~rub with 
short height. Collectecl from 
strong arnpliibolites. 
Same location as of P5 1 -B 

Collected without soil as soil 
same as of P53 

Collected without. soi I, fiom sanx 
area as of P55 
Collected from agricultiural field 
at endiiw aoint of Melarrali Kotlai 
Collected fro111 peach orchard 
field 
Collected fro111 agricultural field 

Collected from peach orcl-lards 
withowt soil 

N344X 001 Hazara towards 
E 72 18 023 Kabal 

N 34 47 452 I ICabal (Near girls 
E 72 17 395 School) 
N 34 47 968 Kabal towards 
E 72 17 044 Sirsenari 
N 34 47 968 Sirsenari, Kabal 
E 72 1'7 044 
N 34 49 504 Sirsenari, ICabal 

E 72 17 230 
N 34 47 054 Landay, Kabal 

N 34 47 054 Landay, Kabal 

N3447 162 Melagah Kotlni, 
E 72 12 722 about 14 km 

west of Kabal 
N3447 162 Melagah Kotlai 
E 72 12 722 
N 3447 162 Melagali Kotlai 
E 72 12 722 
N 3447 162 Melagah Kotlai 
E 72 12 722 
N 34 4 7  162 Melagah Kotlai 
E 72 12 722 
N 3447 162 Melagah Kotlai - 
E 72 12 722 
N 34 47 148 Melagah Kotlai 
E 72 13 442 
N 34 46 880 Kotlai 

E 72 16 099 ] Kotlai and I 

E 72 16 099 Kotlai and 
Cliakclasa road 

Reference San~ples of Plants 
P23 

P24 

Shandai 

-- 
Taroly 

From barren soil 

(graphitic 
Collected without soil, as 
same soil was there as 

N 34 44 482 
E 72 17 244 - 
N 34 44 482 
E 72 17 281.4 

Odigram, Mingosa 

Odigram, Mingora 



I I 3L3 

P25 I Arhaildas / Broad leaved, briglit 
green in color 

E26 Jowar From agricultural field 
I I 

P27 I Shrub, collected without 
soil 

P28 Bhang Shrilb, collected without 

I I 
P3 0 I without soil 

P3 1 without soil 

P3 2 without soil 

Odigram, Mingora 

Odigram, Mingora 

Odigram, Mingora 
- - - -  

Odigrain, Mingora 

Odigram, Mingora 

Odigram, Mingora 

Odigram, Mingosa 

Odigram, Mingora 

Collected fro111 
MalamJabba 



ANNEX 2 
- 

Scientific Names of Studied Plants 
Plant code 
1'12, P6, P38 
PI1 
P9, P37, P52 
P17 
P5, P25, P55 
P14 
P3, P8, P33, P5 1 -B 
PI9  

P13, P2 
P34, P35, P43, P46, 

Family 
Poaceae 
Papilionaceae 
Polygonaceae 
Labiateae 
Asteraceae 
Papilionaceae 
Sapindaceae 
Labiatae 

P26, P48, P57, P45, 
P59, P49, P35, PO 
P53, P22 
P58; P5 1, P47, P60, 
P44 

Utricaceae 
Poaceae 

P54 
P16 
Warlthar y 
P40 

Botanical name 
Sctcchltrum species (Grrrrss, long, 
Indigofirvr gera~diunn 
Runzex hastatus 
Salvia nzoorc~~ofiiana (broad leaved) 
Xanthium strumarium 
Lespedizc/jz/ncec~ 
Dodonaeu viscose 
Isodon rugosud Plectrumthus rugoms (new 

De bergeasiu sulicifoliu 
Zea nzuys 

Camabinaceae 
Rosaceae 

P7 
P42. P1 

, 

Ccmnnbis sutiva 
Prunus persica (Peach) 

Poaceaae 
Brassicaceae 
Portulaceae 
Miinosaceae 

P 10 
P18 

Dicanthium annulatum 
Brassica bortiytis 
Porhhca olemcsne 
Acuciu modesta 

Solanaceae 
Siinarubaceae 

P50 ( Brassicaceae 
P4 1 I Moraceae 

Withnnia rornnifeaea 
Ailanthus altissirnn 

Apocyanaceae 
Labiatae 

B~ussiccr ccmpnstris 
Morus nimu 

P4, Blank 9 
P3 9 
P56 
P36 
P15 

Neriunz indiczlm 
Teucrium ozladrium 

Additional Reference Samples J 

Labiatae 
Amarantl~aceae 
Braginaceae 
Malvaceae 
Poacceae 

Plant Code 
P23 
P24 
P25 
P26 
P27 
P28 

U 

Otostegia limbnln 
Arva javunicci 
Onasnzct species 
Hibiscus esculevtt~ls (Landy finger) 
Orvzu sutiva 

Family 
Simarubaceae 
Polygonaceae 
Asteraceae 
Poaceae 
Amarmthaceae 
Cai~nabii~aceae 

Botnical name 
Ailunthus ullissiinv (ln~liun) 
Rumex hastalus 
Xanthiunz strunzcrriu~n 
Zen rmrys 
Allherncintera pungens 
Cunnobis saliva 



P29 

P3 Q 
P3 1 

.- 

Plant code Family 
Blank 1 Sapindaceae 

Labiateae 

P32 

Blank 2, Papilionaceae 

Snh~ia 

Labiatae 
Labiatae 

Blad< 4 I Siinarubaceae 

Otostegiu linzbalu 
Isodon r ugoszd Plectr~~mthus rzgosus 

Poaceaae 

- 

Blank 5,  Asteraceae 
Blank 6 Labiatae 

(hew name) 
Dicnnthium unnzdatu~z 

Blank 9 Labiatae 
Blank 10 Utricaceae 
Blank 11. I Poaceaae 
Grass Blank I 

Botanical name 

Dodonaea viscose I 

Cannabis sativa I 
Otoslegia lirnbtrta 
Debergensia swlicifolia 
Dicnnthiurn an~zulntum 



Plate 1. De bergec~siu suliclfolin 

Plate 2. Doclonuea viscose 

Plate 3. Rtmzex hcrs'tatus 



Plate 4. Indigiofira gerardic~na 

Plate 5.  Sncchurum spp. 

Plate 6. Ot-ostegia limbata 



Plate 7. Brassica bortrytis 

Plate 8. Salvia morcra$iuna 

P h e  9. Cannabis sativn 



Plate 10. Zen ~ncrys 




