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A b s t r a c t :  E x c e s s iv e  buildup of h e a v y  m e ta ls  in agricultural so ils  m a y  contribute to en viro nm enta l 

co n tam in atio n , a s  w ell a s  in c re a se d  h e a v y  m eta l u p take  b y  ve g e ta b le  cro p s, w h ich  ultim ately le a d s  to 

a d v e rse  hea lth  c o n s e q u e n c e s  in m ankind. A  stu d y  w a s  co n d u cted  to e v a lu a te  the  L e a d  (P b ) an d  C h ro m iu m  

(C r )  co n cen tra tio n s in irrigation w ater, so ils  a n d  g re e n  le a fy v e g e ta b le s  ["M ukunuw enna" (A ltem a n th era  

se s s i lis ) ,  'T h a m p a la "  (A m a ra n th u sv ir id is ) , "Nivithi" (B a se fla  alba), “K o h ila  L e a v e s"  (L a s ia  sp in o sa )  an d  

"K an k u n " ( ip o m o e a  aquatica)]  co llected  from forty rand om ly  se le c te d  fie ld s o f C o lo m b o  D istrict, S r i L a n k a  

using G rap h ite  F u rn a c e  A tom ic A b so rp tion .Spectro m etiy . T h e  m e a n  co n cen tratio n s (m g/kg, dry  w eigh t b a s is )  

of P b  a n d  C r  in th e  so ils  w e re  reported a s  3 9 .7 ± 3 2 .3  a n d  4 8 .4 ± 4 2 .9 , re sp ectiv e ly . T h e  h ig h est leve l o f P b  

d e te cte d  in irrigation w a te r  s a m p le s  w a s  2 .01  m g/L a n d  C r  w a s  not detected  in a n y  o f the  irrigation w a te r  

s a m p le s  a n a ly z e d . T h e  m e a n  le v e ls  (mg/ kg, dry  w e ig h t b a s is )  o f C r  an d  P b  in g re e n  leafy  v e g e ta b le s  found  

a s  3 .3 6 ± 2 .7 6 , 2 .9 6 ± 2 .1 6  for M u kun u w enn a, 3 .5 8 ± 2 .8 0 , 3 .1 4 ± 2 .3 2  for T h a m p a la , 3 .2 8 ± 2 .4 5 , 3 .1 1 ± 2 .3 3  for 

Nivithi, 5 .0 2 ± 4 .0 9 , 4 .3 2 ± 3 .4 7  for K o h ila  a n d  3 .4 7 ± 2 .8 8 , 3 .2 1 ± 2 .4 4 .fo r  K an k u n , re sp ec tiv e ly . T h e  h ig h est  

a cc u m u la t io n s  o f both m e ta ls  w e re  found in K o h ila  le a v e s . S ig n ifican t d iffe ren ces  w e re  o b se rv e d  in P b  a n d  , 

C r  le v e ls , b e tw e e n  both production s ite s  a n d  g re e n  leafy  v e g e ta b le s  a n a ly z e d  a t P < 0 .0 5 .T h u s  the  stu d y  

highlights Jthe potential r isk s invo lved w ith th e  co n su m p tio n  o f leafy  v e g e ta b le s  cu ltivated  in th e  co n tam in ated  

a r e a s  w h ich  m a y  a d v e rse ly  contribute to th e  food quality a n d  safety .

K e y  w o r d s :  C o n tam in atio n , g re e n  leafy  v e g e ta b le s , lead , chrom ium  _______________________________________

INTRODUCTION a ir  e v e n  in t ra ce  am o u n ts c a n  c a u s e  detrim ental e ffe c ts

G re e n  leafy  v e g e ta b le s  (G L V )  a re  a n  ex ce lle n t  s o u rc e  of to a ir  o rg a n ism s an d  th e  h e a v y  m eta l a ccu m u latio n

fiber, ca ro ten o id s , fo late, v ita m in s C  an d  K  a n d  m in e ra ls  through food c h a in s  sp e c if ica lly  c a n  b e  h a z a rd o u s  to the

iron a n d  ca lc iu m  a lo n g  with sa p o n in s  a n d  flavo n o id s h u m a n  health (S h a rm a  a t al., 2 0 0 9 ). T h e y  a re  natural

(S o b u k o la  a t  al., 2 0 1 0 ). In addition, th ey  a c t  a s  co m p o n e n ts  o f th e  e a rth 's  c ru st  w h ich  ca n n o t b e

an tio xid ants by rem o vin g  fre e  ra d ic a ls  from  th e  b od y d e g ra d e d  o r  d e stro y ed  a n d  e n te r  th e  h u m an  b o d ie s

b efo re  th ey  b e c o m e  harm ful. S o m e  re se a rc h  h a s  found through food, drinking w a te r  a n d  air. A s  t ra c e  m in era ls ,

th e  w id e  ra n g e  o f ca ro te n o id s  (lutein, ze a x a n th in  e tc .)  ce rta in  h e a v y  m e ta ls  (e .g ., co p p er, se le n iu m , z in c )  a re

p re sen t in G L V  c a n  p reven t th e  growth o f certa in  ty p e s  o f vita l to m aintain  th e  m eta b o lism  of the  h u m an  body,

b re a st, sk in , lung a n d  sto m a c h  c a n c e r  (A m e rica n  N everth e less, a t h igher co n ce n tra t io n s h e a v y  m e ta ls  c a n

Institu te for C a n c e r  R e s e a rc h , 2 0 1 5 ). R e c e n tly  th ere  is  le a d  to p o isoning . S o m e  o f t h e s e  e le m e n ts  a re  actu a lly

a n  in c re a se d  trend of co n sum p tion  o f G L V  am o n g  th e  n e c e s s a r y  for h u m a n s  in m inute am o u n ts (cobalt,

u rb an  com m unity  o f S r i L a n k a  d u e  to  th e  a w a re n e s s  o f co p p e r, ch rom ium , m a n g a n e se , n ick e l) w h ile  th e  o th e rs

nutritional b en efits , low  co s t  a n d  e a s y  a cc e ss ib ility  a re  toxic, affecting, am o ng  o th e rs , the  cen tra l n e rvo u s

a sso c ia te d  with the  product. H o w e v e r G L V  co n ta in s  both sy s te m  (m a n g a n e se , m ercu ry , lea d , a rse n ic ) , the

e s s e n t ia l a n d  to x ic  e le m e n ts  o v e r a  w id e  ra n g e  o f k id n e y s o r liver (m ercury , lead , cad m iu m , co p p er) or

co n cen tra tio n s. sk in , b o n e s, o r  teeth  (n ick e l, cad m iu m , co p p e r,:

H e a v y  m e ta ls  a re  im p erative  en v iro n m en ta l ch ro m iu m ) (H og an , 2 0 1 0 ).

co n ta m in a n ts, p redo m inan tly  in a r e a s  w ith high R a p id  a n d  u n o rg an ized  m etropolitan  activ ities h a v e

a n th ro p o g e n ic  p re s s u re  (M ah m oo d e t  al., 2 0 1 2 ; O n d o  contributed  to th e  e le v a te d  le v e ls  of h e a v y  m e ta ls  in the

e f  a/., 2 0 1 4 ). P r e s e n c e  o f th e s e  m e ta ls  in w ate r, so il a n d  urban surround ings o f d eve lop ing  co u n trie s  like S ri
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La n k a  (Ja y a s in g h e  e t  a!., 2 0 0 5 ; R a th n a y a k a  e t  al., 2 0 0 4 ; 

P re m a ra th n a  e t  al., 2 0 1 0 ), India (K h illa re  e t  al., 2 0 1 2 ; 

S h a rm a  e t  al., 2 0 0 9 ) a s  w ell a s  in d eve lo p ed  co u ntrie s  

(K a c h e n k o  a n d  S in g h , 2 0 06 ). S in c e  h e a v y  m eta ls  a re  

n on -b iod eg rad ab le  an d  p ers isten t environm ental 

co n ta m in a n ts, they  a re  ca p a b le  of depositing on the  

s u r fa c e s  o f p lant t is s u e s  w h ich  a re  e x p o se d  to the  

polluted e n v iro n m e n t T h e n  th e  c ro p s  h a v e  the ability of 

ab so rb in g  th e s e  harm ful m eta ls  from th o se  d e p o sits , a s  

w ell a s  from co n tam in ated  so ils  (S h u a ib u  e t  al., 2 0 1 3 ). 

H e a v y  m etal contam ination  o f v e g e ta b le s  m a y  a lso  

o c cu r  d u e  to irrigation with co n tam in ated  w a te r (A w eng  

e t  al., 2 0 1 1 ; S in g h  e t  al., 2 0 1 0 ; A ro ra  e t  al., 2 0 08 ). 

In c e s s a n t  w a s te  w a te r irrigation to the  agricultural fie ld s  

h a v e  resu lte d  a m p le  buildup of tox ic m eta ls  in so il. 

E m is s io n s  from the in du stries a n d  v e h ic le s  m ay  a lso  

c a u s e  h e a v y  m etal d e p o sit io n s on th e  v e g e ta b le  

s u r fa c e s  during the ir production, transport an d  

m arketing (S h a rm a  e t  al., 2 0 09 ).

It is  w ell kno w n that leafy  v e g e ta b le s  a ccu m u la te  m ore  

h e a v y  m e ta ls  than  other food c ro p s  d u e  to the ir b ro ader  

leafy  a re a . A  n u m b er o f s tu d ie s  h a v e  sh o w n  h e a vy  

m eta ls  a s  im portant co n tam in an ts o f the  leafy  

v e g e ta b le s  (C h a n g  e t  al., 2 0 1 4 ; R a m e sh  and  

Y o g a n a n d a  M urthy, 2 0 1 2 ; G u p ta  e t  al., 2 0 1 3 ; Otitoju e t  

al., 2 0 1 2 ; S u ru k ite  e t  al., 2 0 1 3 ). E v e n  though G L V  

co n stitu te  a n  im portant part of th e  S r i La n k a n  d ie t  ve ry  

limited p ub lished  d a ta  a re  a va ila b le  on h e a v y , m etal 

co n cen tra tio n s in th e  G L V  from th e  production s ite s  in 

S ri La n k a . 'H en ce , the  stu d y  w a s  fo cu sed  on  

determ ination  o f P b  an d  C r  co n cen tratio n s o f so il, 

irrigation w a te r  an d  five k e y  S ri La n k a n  G L V  

["M ukunuw enna” (A ltem a n th era  se s s ilis ) , T h a m p a la "  

(A m ararrthus viridis), "Nivithi" (B a se lla  alba), “K ohila  

Le a v e s"  (L a s /a  sp in o sa )  an d  "K an kun ” (Ip o m o e a  

aquatica )] grow n locally  in se le c te d  urban a r e a s  of 

C o lom b o D istric t  S r i L a n k a  (F ig . 1).

MATERIALS AND METHODS
P re lim in a r y  s u r v e y : A  re c o n n a iss a n c e  su rv e y  w a s  

ca rr ied  out in the  C o lo m b o  D istrict to identify the  field  

s ite s  in w h ich  th e  se le c te d  G L V  a re  cu ltivated in large  

s c a le . A  q u estio n n a ire  w a s  circu lated  am o ng the  

fa rm e rs  of the  se le c te d  s ite s , to obtain inform ation  

regard ing th e  cultivation history o f se le c te d  G L V .

D e te rm in a t io n  o f  h e a v y  m e ta l c o n ta m in a t io n  in  

irrig a tio n  w a te r , s o i l  a n d  G L V  s a m p le s  o b ta in e d  fro m  

s e le c t e d  f ie ld s :  S tu d y  a re a . B a s e d  on th e  re su lts  of 

prelim inary su rv e y , irrigation w ater, so il an d  G L V  w e re  

random ly co llected  from  forty fie ld s located  at s ix  

different a r e a s  in a n d  aro u n d  C o lo m b o  D istric t  

P iliyan d a la  (9  s ite s) , B a n d a ra g a m a  (5  s ite s), 

K a h ath u d u w a (5  s ite s) , W ellam p itiya  (11 s ite s), 

K o ion n aw a (5  s ite s )  a n d  K o ttaw a (5  s ite s) . S ite s  

se le c te d  a t  W ellam p itiya  an d  K o io n n aw a a r e a s  w e re  

located c lo se r  to the  K o io n n aw a an d  O ru go daw atta  oil

refinery and sto ra g e  ta n k s. Fu rth er th e s e  fie lds a re  

located  c lo se r  to the M eethotam ulla  g a rb a g e  dum psite. 

In addition, the  two a r e a s  co ntain  lots of autom obile  

w o rk sh o p s a n d  g a ra g e s  a s  w ell a s  high population and  

traffic density . In Kottaw a a r e a , th e  se le cte d  fie ld s w ere  

lo cate d  c lo se r  to the So u th ern  E x p re s s  H ighw ay and  

a lo n g  the heavily  traffic co n g e ste d  H igh-level R o ad . 

H o w ev er the  production s ite s  se le c te d  in P iliyand ala , 

B a n d a ra g a m a  an d  K a h ath u d u w a a r e a s  w ere  su b u rb an  

se ttin g s with le s s  co n g e ste d  traffic an d  other 

m etropolitan activities.

W a te r  sa m p lin g  a n d  a n a ly s i s :  W a te r s a m p le s  w e re  

co llected  in 1 L  poly p ro p y len e  bottles w hich  w e re  

so a k e d  in dilute nitric a d d  for overn ight an d  rinsed  with  

distilled w ater prior to u se . T h is  w a s  d o n e  in ord er to 

avo id  a n y  p o ss ib le  externa l contam ination . 1 ml of 

co n cen trated  nitric a c id  w a s  a d d ed  to the  sa m p le s  to 

avo id  m icrobial activity. P b  an d  C r  co n cen tratio n s w e re  

determ ined by Atom ic Absorption S p e ctro sco p y  (A A S ) a s  

d e scrib ed  in A P H A  m ethod (2 0 05 ).

S o i l  s a m p lin g  a n d  a n a ly s i s :  C o m p o site  so il s a m p le s  

w e re  co llected  a t  e a c h  site  by com bining sm all portions  

of so il from va rio u s lo catio ns within the  plot. Soil w a s  

sa m p led  to a  depth of ap proxim ate ly  12 cm . At this 

depth , the  so ils  sa m p led  co v e re d  the  a v e ra g e  root 

sy s te m  of the  leafy v e g e ta b le s . U n u se d , c le a r  poly  

eth y len e  sam p ling  b a g s  w e re  u se d  for the  co llection  of 

so il sa m p le s . T h e n  the so il s a m p le s  w ere  a n a ly ze d  by 

A A S  to determ ine the  P b  a n d  C r  co n cen tration s, 

according to the  A O A C  9 6 5 .0 9  m ethod (O fficial m etho ds  

of A n a ly s is , 2 0 02 ).

G re e n  le a fy  v e g e ta b le s  s a m p lin g  a n d  a n a ly s i s :  G L V

(M ukunuw enna, T h a m p a la , Nivithi, K o h ila  an d  K an kun )  

s a m p le s  w e re  random ly co llected  in appropriate ly  

lab eled  p o lyethylene b a g s  s im u lta n eo u s ly  with th e  so il 

sa m p le s  at the  s a m e  lo catio n s b a se d  on their 

availability at th e  se le cte d  s ite  at the  tim e.

P re -tre a tm e n t: G L V  s a m p le s  p ro cu red  from agricultural 

fie lds w ere  w a sh e d  thoroughly w ith running tap  w a te r a s  

p reva len t during norm al co okin g  p ro c e ss , to rem o ve  

so il, dirt and other a ir-b orne pollutants. T h e  ed ib le  p arts  

w e re  ch op ped  in to sm all p ie ce s .

D ry in g : T e s t  portions w e re  dried in a  drying oven , at 

1 0 5 °C , until obtained co n sta n t w eig h t then  co o led  to 

am b ien t tem p erature, c ru sh e d  by m e a n s  of a  d e a n  

p estle  and m ortar to obtain  ho m o g en ized  sa m p le s . T h e  

ground sa m p le s  w ere  then  stored  at room tem p eratu re  

in airtight se a le d  po lyethy len e b a g s  until required  for 

a n a ly s is  by A A S  after dry  ash in g  tech n iq u e  a s  d e scr ib ed  

in A O A C  9 7 5 .0 3  (Official M eth od s of A n a ly s is , 2 0 02 ).
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Fig. 1: Types of G LV  collected from the cultivation sites (a ) Nivithi (b) Mukunuwenna (c) Kankun (d) Tham pala (e) 
Kohila ,

C o m p aris o n  o f Pb and C r c o n ce n tra tio n s  in fie ld  
s a m p le s  w ith  re fe ren ce  sam ples: Reference G LV  
sam ples of Mukunuwenna, Tham pala, Nivithi, Kohila 
and Kankun were grown in micro plots constructed in a 
hom e garden (unpolluted experimental a rea) without 
using any chemical fertilizer or pesticides. 
Representative samples of each GLV, a reference  
com posite soil sample and a water sam ple used to 
irrigate the crops, were analyzed by M S  to determine the 
concentrations of Pb and C r using the sam e methods 
m entioned above. Calculated values of heavy metals in 
soil, w ater and G LV samples were compared with 
W H O /F A O  permissible limits to ensure the consumer 
safety (W H O /FA O , 2003; FA O /U N E S C O , 1985).

Q u a lity  a ss u ran ce : Appropriate quality assurance  
procedures and precautions were taken to ensure the 
reliability of the results. Sam ples were handled with 
appropriate safety measures to minimize contamination. 
Glass wares w ere cleaned properly and all the reagents 
used w ere of analytical (trace-m etal) grades. Distilled 
w ater w as used throughout the study. R eagent blank 
determinations w ere used to correct the instrument 
readings.

Statis tica l analysis: Descriptive statistics and statistical 
significance of collected data were analyzed by A NO VA  
using Minitab 14.0 and Excel com puter packages.

R E S U L T S  A N D  D I S C U S S I O N
The study reports the Pb and Cr contamination of soil, 
irrigation water and GLV cultivated in Colombo District, 
Sri Lanka.
Lead (Pb) considered being a severe cumulative body 
toxin which enters into the body system through food, air 
and water. It cannot be detached from vegetables by 
washing (Kananke e t  at., 2014). The high levels of Pb in 
G LV m ay be due to several reasons including the 
presence of pollutants in irrigation water, soil or 
vehicular emissions from heavily congested traffic areas  
since lead is present in fuel as an anti-knocking agent 
(Osundiya e t  at., 2014). Chromium (Cr) is a trace 
elem ent which is necessary for various body functions. 
It has the ability to stabilize blood glucose levels and 
help to prevent diabetes, by the efficient use of insulin. It 
also assists the lipid metabolism within the body and 
help to increase the HDL (good) cholesterol while 
reducing the LDL (bad) cholesterol. However the 
increased levels of ingestion can cause serious health 
effects in human body (Kananke e t  at., 2014; Chen et  

at., 2014; S a rd a re fa /., 2013).
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Table 1: G reen leafy vegetables sam pled from  production sites
Local name E nglish name S cientific name Edible part
Mukunuwenna
N ivithi
Thampala
Kankun
Kohila

Sessile alligatonveed. Sessile joyweed 
M alabar spinach
C hinese spinach, Green am aranth, Pig weed
w a te r m orning g lory
Lasia

AHemanthera sessilis  
BaseSa alba 
Am aranthus viridis 
Ipomoea aquatics 
Lasia spinosa

Leaves and young stem  
Leaves and young stem  
Leaves and young stem  
Leaves and young stem  
Stem  and young leaves

Table 2: Standard conditions o f the  elem ents analyzed by G raphite Furnace AAS
Elem ent W avelength Ash tem perature Atom ize tem perature M odifier
Pb 217.0 nm BOOT 1200T 50 pg o f M g(N 03)2
Cr 357.9 nm 1 2 0 0T 2 5 0 0 T 50 pg o f M g(N 03)2

Table 3: D escriptive 
areas

sta tistics o f so il sam ples obtained from  d ifferent

Area Param eter C r (m g/kg) Pb (m g/kg)
P iliyandala M inim um 5.2 4.9

M axim um 21.2 19.0
M ean (n = 9) 10.6 12.0
SD 5.0 5.3

W ellam pitiya M inim um 9.4 15.6
M axim um 103.5 94.6
M ean (n = 11) 78.8 56.9
SD 28.2 22.4

Kolonnawa M inim um 49.4 82.0
M axim um 159.8 115.6
M ean (n = 5) 103.5 96.9
SO 42.4 13.4

Kottawa M inim um 52.2 36.0
M axim um 91.9 61.5
M ean (n = 5) 70.0 47.7
SD 17.7 10.1

Banadaragama M inim um 6.9 12.0
M axim um 14.8 19.9
Mean (n = 5) 11.0 15.0
SD 3.3 3.1

Kahathuduwa M inim um 4.2 5.7
M axim um 19.2 18.5
Mean (n = 5) 10.0 10.9
SO 6.01 5.68

A ll so ils o f six areas M inim um 4.2 4.90
M axim um 159.8 115.6
M ean (n = 40) 48.4 39.7
SD 42.90 32.26

Control Soil Mean 7.6 8.0
W HO/FAO MPL 100 100
MPL: Maximum P erm issible L im it

Table 4: D escriptive s ta tistics o f irriga tion  w ater sam ples obtained from  
d iffe ren t areas

Area Param eter C r (m g/L) Pb (m g/L)
P iliyandala M inim um NO ND

M axim um ND 0.01
W ellam pitiya M inim um ND ND

M axim um NO 2.01
Kolonnawa M inim um ND ND

M axim um ND 1.01
Kottawa M inim um ND ND

M axim um ND ND
Bandaragama M inim um ND ND

M axim um ND ND
Kahathuduwa M inim um ND ND

M axim um ND ND
Control ND ND
WHO/FAO MPL 0.1 5
ND: Not Detected, MPL: M axim um  Perm issible Lim it

T h e  ch aracteristics of the five typ es of G L V  co llected from  

the  cultivation s ite s  included  in the  T a b le  1. T h e  

stan d ard  conditions for the G rap h ite  F u rn a c e  A A S  a re  

sho w n  in T a b le  2.

Pb and  C r  co n cen tra tio n s  in the stu d ied  s o ils :  H e a vy  

m e ta ls  accu m u latio n s in so ils  a re  a sso c ia te d  with  

biological and g e o ch e m ica l c y c le s  w h ich  a re  affected  by  

vario us anthro po genic activ ities including farm ing  

p ra c tice s  and w a ste  rem oval m eth o d s (N diokw ere and  

E z e h e , 1990; Z a u y a h  e t  al., 2 0 0 4 ; U sm a n  at al., 2 0 02 ). 

P b  an d  C r  co n cen tratio n s in so il sa m p le s  obtained  from  

the production and control s ite s  of th is stud y  a re  

p re sen te d  in the T a b le  3. W h en  co m p a re d  with the  

m axim um  a llow ab le  lim its of C r  (1 0 0  mg/kg) and P b  

(1 0 0  mg/kg) g iven by W H O /F A O  g u id e lin es, the m ea n  

co n cen tratio n s of h e a v y  m eta ls  in the so ils  of se le cte d  

a re a s  w ere  found in the norm al ra n g e s, ex ce p t the m ean  

lev e l of C r  reported in K o lo n n aw a a re a . T w o  s ite s  

located  in K o lo n n aw a a re a  sh o w ed  P b  co n ten ts  

ex ceed in g  the sa fe  limit, w hile  o n e  site  located  at 

W ellam p itiya  a re a  and two s ite s  located  at K o lo n n aw a  

a re a  sho w ed  C r  co n ten ts e x ce e d in g  the W H O /F A O  

p erm issib le  limit.

Sign ificantly h ig her P b  an d  C r  co n cen tratio n s o f the  

stud ied  so ils  of K o lon n aw a, W ellam p itiya  and Kottaw a  

a r e a s  m ay b e  du e  to the  deposition  of ve h icu la r  

e m is s io n s  a s  the  a b o ve  farm ing s ite s  a re  located  in 

h e a v ily  traffic co n g ested  a re a s . Further, the fa rm ers of 

th e se  a re a s  w e re  u sing  su b stan tia l q uantities of 

sy n th etic  fertilizers and p e st ic id e s , w h ich  cou ld  resu lt in 

gathering of t ra ce  e le m e n ts  in so il a s  o b se rv ed  ea rlie r  in 

m any other countries (Be lon  e t  at., 2 0 1 2 ). B u lk  q uantities  

of fertilizers an d  p e st ic id e s  a re  frequently ad d ed  to the  

so ils  in in tensive  agricultural sy s te m s  to provide  

suffic ient N, P  and K  req u irem ents for the  crop growth. 

H ow ever, th e se  co m p o u n d s co ntain  certa in  h e a vy  

m e ta ls  (C d  an d  P b ) a s  im purities or a s  active  

ingredients. A fter long term  application  of fertilizer, th e se  

e le m e n ts  h a v e  the ability to get co n cen trated  in the  

agricultural so ils  (W u a n a  an d  O kie im an , 2 0 1 1 ). 

Therefo re , fertilizers and p e st ic id e s  cou ld  a lso  b e  a  

so u rce  of P b  in the so ils  of the  co n tam in ated  a re a s .
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Table  5: D escriptive sta tis tics  o f GLV sam ples obtained from  d iffe ren t areas
----------G 1 ------------ ----------G 2 ------------ ----------- G 3 ----------- _____ Q 4 ______ ---------G 5 ---------- -

A rea Param eter C r Pb C r Pb Cr Pb C r Pb Cr Pb
Piliyandala M in 0.16 0.07 0.25 0.08 0.50 0.13 0.73 0.21 0.28 0.14

Max 1.78 .0.40 2.70 0.37 2.31 0.39 2.96 0.81 1.75 0.33
Mean 0.85 0.20 1.33 0.20 1.29 0.22 1.82 0.34 1.01 . 0.24
SD 0.50 0.12 0.92 0.10 0.64 0.09 0.77 0.18 0.54 0.06

W ellam pitiya M in 3.66 0.03 3.98 0.18 2.97 0.19 5.55 0.29 4.05 0.16
Max 7.43 8.79 8.96 9.19 6.09 9.52 9.18 12.90 7.33 9.60
Mean 5.58 5.87 6.02 6.17 5.10 6.25 7.46 7.85 5.82 6.24
SD 2.59 3.46 2.66 3.56 0.88 2.86 1.15 3.65 1.13 3.09

Kolonnawa Min 4.16 4.52 4.69 5.51 4.11 5.72 5.48 8.18 3.64 4.77
Max 11.09 8.02 9.01 9.40 9.42 7.94 18.79 12.49 10.64 9.09
Mean 6.51 6.22 6.39 6.82 6.48 6.66 10.99 10.00 6.47 6.27
SD 2.82 3.44 2.75 3.59 2.38 1.04 5.46 1.74 2.70 1.87

Kottawa M in 0.59 2.40 0.67 2.29 0.60 2.08 0.68 3.53 0.37 2.71
Max 6.75 5.46 6.62 5.10 6.00 6.50 10.08 7.82 7.51 8.04
Mean 4.52 3.69 5.01 3.94 4.18 3.71 6.34 6.14 5.05 4.82
SD 2.86 3.17 2.70 3.35 2.11 1.78 3.48 1.77 2.88 2.27

Bandaragam a M in 0.66 0.11. 0.27 0.10 0.17 0.10 0.88 0.19 0.01 0.09
Max 2.20 0.32 0.88 0.39 1.66 0.31 2.30 0.36 1.34 0.27
Mean 1.26 0.23 0.60 0.22 0.86 0.18 1.69 0.27 0.64 0.19
SD 0.62 0.08 0.26 0.13 0.66 0.09 0.54 0.06 0.58 0.08

Kahathuduwa M in 0.51 0.20 0.43 0.14 0.21 0.11 0.59 0.19 0.42 0.09
Max 1.64 0.32 1.95 0.28 2.15 0.23 1.82 0.33 1.59 0.32
Mean 0.76 0.26 1.03 0.23 1.18 0.19 1.46 0.25 0.94 0.21
SD 0.49 0.05 0.72 0.06 0.82 0.05 0.51 0.05 0.43 0.09

A ll sam ples Min 0.16 0.03 0.25 0.08 0.17 0.10 0.59 0.19 0.01 0.09
Max 11.09 8.79 9.01 9.40 9.42 9.52 18.79 12.90 10.64 9.60
Mean 3.36 2.96 3.58 3.14 3.28 3.11 5.02 4.32 3.47 3.21
SD 2.76 2.16 2.80 2.32 2.45 2.33 4.09 3.47 2.88 2.44

C ontrol Mean 1.34 0.14 0.99 0.10 1.60 0.07 1.96 0.16 1.77 0.08
W HO/FAO MPL 2.3 0.3 2.3 0.3 2.3 0.3 2.3 0.3 2.3 0.3
M PL: M axim um  P erm issible L im it. G1: M ukunuwenna, G 2: Tham pala, G3: N iv ith i, G4: K ohila, G5: Kankun

Fu rth er, in th e  se le c te d  fie ld s, poultry m a n u re  h a s  b een  

u s e d  a s  a  fertilizer for m o re  th an  1 0  y e a rs . S o ils  

rece iv in g  co n tin uo us application  o f poultry m a n u re  for 

s e v e ra l y e a r s  co u ld  a lso  a ccu m u la te  certa in  tra ce  

m eta ls , w h ich  co u ld  a lso  b e  potentially  b io-ava ilab le  

(B o la n  e t  al., 2 0 1 0 ). A s  sh o w n  in th e  F ig . 2 , h ig h est  

co n tam in atio n s o f both m e ta ls  w e re  found in K o lo n n aw a  

a re a  followed by W ellam p itiya  a n d  K o ttaw a  a re a s .  

C o m p a ra t iv e ly  o ther th ree  a r e a s  (P iliyan d a la , 

B a n d a ra g a m a  an d  K a h a th u d u w a ) reported  significantly  

low  d e g re e  o f contam ination  for both P b  an d  C r  (at 
p < 0.05).

T h e  m e a n  co n cen tration  o f P b  (3 9 .7 ± 3 2 .3  m g/kg) found  

in th e  stu d ied  so ils  o f th is ex p erim en t w a s  low er than  

th e  m ea n  concentration  o f P b  (4 9 .7 1  m g/kg) found in so il 

o f industrial a re a  o f D h a k a  a s  d e sc r ib e d  by Ja s im  an d  

A b d ul (2 0 1 0 ), a s  w ell a s  th e  m e a n  P b  co n ten t  

(4 2 .5 ± 2 5 .6  m g/kg) in the agricu ltural so ils  o f th e  P e a rl 

R iv e r  D elta, South  C h in a  reported by C h a n g  e t  al. (2 0 14 ). 

H o w ever, a s  reported b y  A k ta ru zz a m a n  e t  al. (2 0 1 3 ) the  

m e a n  co n cen tration  o f P b  (7 .3 1 ± 5 .0 4  m g/kg) found in 

th e  so ils  a lon g  the  D h a k a  A r ich a  H ig h w ay  an d  the  

co n cen tratio n  ra n g e  (5 4 -5 9  m g/kg) in th e  so il o f  G a z ip u r  

a s  reported  by H ab ib  e t  al. (2 0 0 9 ) w a s  low er than  

reported  by o u r stu d y  (4 .9 -1 1 5 .6  mg/kg).

T h e  m e a n  co n cen tration  o f C r  (4 2 .5 ± 2 5 .6  mg/kg) 

a cc u m u la te d  in the  agricultural so ils  in th e  P e a r l R iv e r  

D elta, Sou th  C h in a  (C h a n g  e ta ! .,  2 0 1 4 ) a n d  th e  a v e ra g e

co n cen tration  o f C r  (21 .51  m g/kg) reco rd ed  in the  

stu d ie d  so il of A d o  Ekiti, S o u th w e ste rn  N igeria (A ru leb a  

a n d  A jay i, 2 0 1 2 ) found to b e  m u ch  lo w er than  the  m ean  

v a lu e  o f C r  (4 8 .4 ± 4 2 .9  m g/kg) reported  b y  th is study. 

M ah m oo d and M alik (2 0 1 3 ) reported  the  concentration  

ra n g e s  of C r  in the  so il o f w a s te  w a te r  a s  1 1 .3 7 -3 3 .3 9  

m g/kg an d  in the  so il o f tub e w ell w a te r  a s  9 .2 7 -2 1 .3 9  

mg/kg. T h o se  v a lu e s  a re  low er than  th e  ra n g e  of C r  (4 .2 -  

1 5 9 .8  mg/kg) found in th e  so ils  o f  th e  p re se n t study. 

H ow ever, Iqbal e ta l .  (2 0 1 1 ) reported  m u ch  h ig h er rang e  
of C r  (2 4 6 -1 9 8 0  m g/kg) in th e  so ils  co llected  from  

periurb an  agricultural a r e a s  o f C e n tra l P u n ja b  P ro v in ce  

of P a k ista n .

P b  an d  C r  co ncen tra tio n s in irrigation w ater sa m p le s :
T h re e  sa m p le s  o f irrigation w a te r  ob tained  from  

P iliy a n d a la , W ellam p itiya  an d  K o lo n n a w a  a r e a s  w ere  

d e te c te d  for P b , w h ile  C r  w a s  not d e te cted  in a n y  of the  

s it e s . T h e  detected  le v e ls  o f P b  in irrigation w ater  

s o u r c e s  com plied  w ith W H O /F A O  s ta n d a rd s  (T a b le  4). 

T h e  irrigation w a te r u se d  in th e  stud ied  fie ld s of 

W ellam p itiya , K o lo n n aw a a n d  K o ttaw a  a r e a s  w e re  

m o stly  e ith er w ell w a te r o r tap  w ate r. In addition w ater  

from  sm a ll stre a m s w a s  u se d  in th e  o th e r a re a s .

P b  an d  C r  co n cen tra tio n s  in g reen  leafy  v e g e ta b le s :
R e s u lt s  rev ea led  that th e  field s a m p le s  o f G L V  co ntain  

m arked ly  higher lev e ls  of P b  an d  C r  co n cen tra tio n s than
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. . .  □ Piliyandala □ Wellampitiya ■ Kollonnawa 
■ Kottawa ■ Bandaragama ■ Kahathuduwa

b

Pb Cr

Fig. 2: M ean Pb and C r concentrations of soil collected 
from different areas. Letters with same  
characters are not significantly different at p<0.05  
for each metal. M PL denotes the maximum  
permissible limit of metals under W H O /F A O  
guidelines

Fig. 3: M ean Pb and Cr concentrations of different G LV  
collected from Colombo District. Letters with 
same characters are not significantly different at 
p<0.05  for each metal. M PL denotes the 
maximum permissible limit of metals under 
W H O /FA O  guidelines

the reference samples. The average Pb and Cr 
concentrations of all the five types of GLV exceeded the 
W H O /F A O  safe limits for human consumption (Table 5). 
Accumulation of Cr in G LV  followed the order of Nivithi 
<M ukunuwenna<Kankun<Thampala<Kohila, while for 
Pb it varied as Mukunuwenna<Nivithi<Thampala<  
Kankun<Kohila. Com pared with other four GLV, Kohila 
accumulated significantly higher levels of both Pb and Cr 
(Fig. 3).
Significant differences were observed in Pb and Cr 
levels of all G LV  collected from the six areas at p<0.05  
(Fig. 4). For both metals, kolonnawa area showed the 
highest contamination, followed by the Wellampitiya and 
Kottawa areas. Comparatively the other three areas 
showed less contamination for both Pb and Cr and the 
m ean levels were lower than the W H O /F A O  permissible 
limits (W H O /FA O , 2003).
The differential concentrations of Pb and Cr in the G LV  
sam pled from the production sites may be due to the 
variations of heavy metals concentrations of soil, air and 
irrigation water of the respective site. Further, the 
concentrations of heavy metals in leafy vegetables differ 
from one sampling location to the other and vary from 
one species of vegetable to the other. This may be 
attributed to differential uptake capacity of vegetables for 
different heavy metals through roots and their further 
translocation within the plant parts. It can also be due to 
soil characteristics such as acidity and organic matter 
contents and ability of the root type of the plants to 
penetrate where the heavy metals are found (Richards 
e t  a /., 2000; Dom ergue and Vedy, 1992).
The  Colombo district, where two-thirds of the population 
is urban, accounts for over 6 0%  of the manufacturing

~
E
g
■
E
r■■i

Fig. 4: Mean Pb and Cr concentrations of G LV collected 
from different areas. Letters with same  
characters are not significantly different at p<0.05  
for each metal. M PL denotes the maximum  
permissible limit of metals under W H O /F A O  
guidelines

industries, 60%  of registered vehicles and two diesel 
pow er plants. Hence, the most significant air pollution is 
generated primarily in this region (Country Situation 
Report, 2013). Worldwide, about 90  percent of the lead 
in urban air comes from motor vehicles. The obtained 
data reported that the concentrations of both Pb and Cr 
w ere higher in the G L V  sam ples collected from 
Kolonnawa and Wellampitiya areas.
Further, the fields of these two areas located very 
closer (approximately 500 m) to the Kolonnawa and
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F ig . 5 : S e le c te d  production  s ite s  o f G L V  in K o lo n n aw a  a n d  W ellam p itiya  a re a

O ru g o d aw atta  oil refinery  a n d  sto ra g e  p lan ts (F ig . 5 ). 

Additionally , th e  M eethotam ulla  g a rb a g e  d u m p site  is  

a ls o  s ituated  c lo s e r  to th e  se le c te d  production s ite s  of 

K o lo n n a w a  a n d  W ellam p itiya  a r e a s  (F ig . 5 ). T h e  s ite  is  

u se d  for th e  d isp o sa l o f so lid  w a s te  co llected  from  

Ko lon n aw a a re a . T h e  extent o f th e  dum p  s ite  is  ab ou t 16  

a c r e s  a n d  4 5 ,5 0 0  kg o f w a s te  is  d isp o se d  daily . T h e  
o p en  dum p  is  h ig h er than  3 0  m a n d  d u e  to p oo r  

m a in te n a n ce , it h a s  cre a te d  m o st u nh ealth y  sa n ita ry  
co n d itio n s. T h e  untreated  le a c h a te  flow s to a  sta g n a te d  

w a te r  b od y w h ich  is  s itu ated  c lo s e r  to the  dum p . W h e n  

le a c h a te  tra v e ls  d o w n w a rd s from  th e  landfill to the  

g ro un d  w a te r  tab le , both w a te r  an d  so ils  get  

co n tam in ated  a s  a  resu lt  o f infiltrated precipitation  
(P e re ra  a t al., 2 0 1 4 ).

T h e  f ie ld s  se le c te d  at S e d a w a tta  o f W ellam p itiya  a re a  

lo c a te d  c lo s e r  to th e  flood p la in s  o f th e  K e la n i R iv e r  

(F ig . 5 ). It is  co n s id e re d  a s  th e  m o st  polluted river in S r i 

L a n k a  d u e  to th e  d is c h a rg e  o f untreated  effluents from  

th e  n u m e ro u s in d u strie s lo cate d  c lo s e r  to the  river  

U n ile v e rs , P o o g o d a  textile factory , O ru w a la  iron etc . 

H e n ce  the polluted river w a te r  m a y  le a c h  into th e  so ils  of 
th e  cu ltivation  s ite s .

P b  a n d  C r  le v e ls  of G L V  a ls o  found to b e  h ig h er in 

K o ttaw a  a re a . T h e  cultivation s ite s  se le c te d  h e re  w ere  

lo ca te d  c lo se r  to the  So u th ern  E x p r e s s  H ig h w ay  and  

a lo n g  th e  ro a d s id e s  o f th e  H ig h -Le v e l R o a d  w h ere  

h ig h ly  co n g e ste d  traffic ca n  b e  o b se rv e d . T h e  transport  

se cto r , acco u n tin g  for 1 2 %  of S r i L a n k a 's  en erg y  

co n su m p tio n  a n d  6 0 %  of all petro leu m  co n sum p tion , 

c a u s e s  the  m o st se r io u s  a ir  pollution d u e  to its 

co n cen tratio n  in p op ulated  a r e a s . C o n su m p tio n  ra te s  

reco rded  by the C ey lo n  Petro leum  C o rp o ratio n  sh o w  that 

petro l co n sum p tion  h a s  d e c lin ed  m arg in a lly , but 

co n su m p tio n  o f d ie se l h a s  do u b led  d u e  to th e  in c re a se d  

n u m b er o f p rivate b u s e s . C o n c e rn  is  a ls o  grow ing about 

th e  im p acts o f th e  sm a ll p a rticu la te s  em itted  from d ie se l 

e n g in e s . U ncontro lled  d ie se ls ' , em it a b o u t 3 0  to 7 0  

t im e s  m o re  p articu la tes th an  petrol e n g in e s . S tu d ie s  

in d icate  that th e s e  p articu la tes h a v e  c a u s e d  in c re a se d  

tu m o rs in a n im a ls  an d  m a y  b e  c a rc in o g e n ic  to e x p o se d  

h u m a n  b od y (N atural R e s o u r c e s  o f S r i La n k a , 

co n d itio n s an d  tren d s, 2 0 1 1 ).

C h a n g  e ta l . (2 0 1 4 ), a n a ly z e d  the  P b  a n d  C r  le v e ls  o f s ix  

ty p es o f leafy veg etab le  grow n in the  P e a rl R iv e r  Delta,
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South  C h in a . A ccord ing  to th e  resu lts , the  a n a ly ze d  leafy  

v e g e ta b le s  reported le s s  h e a v y  m etal co n ten ts with  

a p p aren t variation s b etw een  different s p e c ie s . T h e  

ra n g e s of P b  co n cen tratio n s found in leafy  v e g e ta b le s  of 

th is  exp erim en t w e re  co m p arative ly  low than the lev e ls  

of P b  contam ination  sh o w ed  b y  the  G L V  a n a ly ze d  in our  

stu d y  (0 .0 0 9 -0 .2 2  mg/kg (F lo w ering  C h in e s e  C a b b a g e ), 

0 .0 0 6 -0 .6 5  mg/kg (Lettuce), 0 .0 0 8 -0 .3 7  mg/kg (P a kch o i), 

0 .0 2 2 -0 .4 3  mg/kg (C h in e se  C a b b a g e ), 0 .0 2 8 -0 .7 9  

mg/kg (L o o se -le a f  Le ttu ce) a n d  0 .0 0 8 -0 .1 3  mg/kg  

(C h in e se  L e a f  M ustard)). Additionally, the C r  lev e ls  o f all 

vegetab le  s a m p le s  reported by C h a n g  e t  al. (2 0 14 ) w ere  

b elo w  the F A O /W H O  stan d ard  va lu e  unlike in our  

re se a rc h .

A s  d e scr ib e d  by A k ta ru zza m a n  e t  al. (2 0 13 ), the  P b  and  

C r  concentration  ra n g e s  in leafy  v e g e ta b le s  grow n along  

ftie  D h a k a  A rich a  R o a d  w e re  0 .6 9 5 -3 .1 5 5  a n d  1 .173-  

3 .8 3  mg/kg, resp ective ly . T h e s e  v a lu e s  a re  le s s  

co m p a re d  with the P b  an d  C r  ra n g e s  reported in the  

a n a ly z e d  G L V  of the  p re sen t stu d y  (T a b le  5). R a m e sh  

a n d  Murthy (2 0 12 ) in vestig ated  the d e g re e  of h e a vy  

m etal pollution in two leafy  v e g e ta b le s  v iz ., P a la k  (B e ta  

vu lg aris) an d  C o ria n d e r ( C oria n d rum  sativum ) co llected  

from  five different sta tio n s of B a n g a lo re  U rban  District. 

R e s u lt s  sh o w ed  th a t  P b  co ncentration  w a s  ex ceed in g ly  

high in P a la k  (2 8 .4 3  to 1 4 9 .5 0  ppm ) and C o ria n d e r  

(5 4 .6 9  to 7 5 .5 0  ppm ) in a ll sam p lin g  statio ns. C r  content  

in P a la k  (7 0 .7 9  ppm ) an d  C o ria n d e r  (1 2 7 .2 7  ppm )'found  

to b e  disturbingly high a t  the  station  2. T h e s e  v a lu e s  a re  

m u ch higher than the P b  and C r  le v e ls  reported in the  s ix  

different a r e a s  co n sid ere d  in o u r study. G u p ta  e t  al. 

(2 0 1 3 ) reco rd ed  h e a v y  m etal co n cen tratio n s am o ng  

different ve g e tab les co llected in th e  vicinity of R a ip u r city, 

India. A ccord ing  to them , m ea n  co n cen tratio n s of C r  an d  

P b  in a n a ly ze d  leafy  v e g e ta b le s  w ere  a s  follow s: 

A m a ra n th u s virdis (1.1 an d  2 .5 6  mg/kg), Sp in a cia  

o le ra ce a  (0 .31 2 .7 8  mg/kg), Trigonella  foen um  g ra ecu m  

(1.1 an d  1 .5 5  mg/kg) a n d  C oria n d rum  sativum  (1.1 an d  

2 .4 9  mg/kg). T h e s e  v a lu e s  a re  lo w er co m p ared  to the  C r  

a n d  P b  co n cen tratio n s of the  G L V  estim ated  in the  

p re se n t study.

C o n c lu s io n : T h e  p re sen t find ings provide proof that the  

k e y  G L V  cu ltivated a n d  co n su m e d  in C o lo m b o  District, 

S r i L a n k a  w e re  contam inated  with P b  and C r . H e n ce , it 

e m p h a s iz e s  the  n e c e ss ity  of sy ste m a tic  a n d  ex te n siv e  

investigation  o f h e a v y  m etal co n tam in atio ns in G L V  

ob tained  from other agricultural fie ld s a s  w ell a s  from  

m a rk e ts . T h is  re se a rc h  a lso  highlight the  im p ortan ce  of 

investigating th e  s o u rc e s  of t ra c e  m eta ls  in S r i La n k a n  

G L V  a n d  p o ss ib le  control m e a s u re s  to red u ce  the  

a ss o c ia te d  risk  du e  to food ch a in  tran sfer of toxic t ra ce  

m eta ls . Furtherm ore , the  re su lts  obtained in th is stud y  

w ould  go a  long w a y  in fortifying the  sc a n ty  literature  

a va ila b le  regard ing the  a s s e s s m e n t  of h e a v y  m eta ls  in 

G L V , within S ri Lan k a .
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