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A b s t r a c t  F iv e  ty p es  o f  g r ee n  le a fy  v eg eta b le s  
[“K ankun” (Ip o m o e a  a q u a t ic n ) ,  “MukilmlvVetinfl'’ 
(A /te rn a n th era  se ss ilis ) ,  “T liam p ala” (A tn a ra n th iis  
viridis), “Nivithi” (Basel/a alba), and "Koliila leaver" 
(Lasia spinosa)] were randomly collected from si ; diffei- 
en t.lo ca tio n s (W ellam pitiya, K o lon n aw a, Kt>tlnw«. 
Piliyandala, Bandaragama, and Kahathuduwa) in and 
around Colombo District, Sri Lanka, and subjected In

Research highlights
• Green leafy vegetables collected from Colombo area wen- tested 

for Ni, Cd, and Cu.
• Soils and irrigated water were also tested.
• Mean Ni and Cd levels in green leafy vegetables exceeded WHO' 

FAO safe limit.
• Highest accumulations o f heavy metals were reported in Ltisia 

spinosa.
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analysis o f  three heavy metals [nickel (Ni), cadmium 
(Cd), and copper (Cu)] by atomic absorption speclromeliy. 
Roils from green leafy vegetable cultivation lands and 
litigated wafer were also tested. The average concentra­
tions o f  heavy melals N i, Cd, and Cu in soils were 51.5 
±45.5 , 1 .4±1 .1 , and 66 .5 ± 5 9 .5  m g kg-1, respectively.
I he highest Ni contamination was detected in the irrigated 

water samples from Wellampitiya (2.02 m g L-1)  followed 
by K olon naw a (1 .0 2  m g L“ ') and K ahathuduwa  
(0.25 m g L ') areas. This has exceeded (lie WHO/FAO 
guideline (0.2 m g L-1).' However, Cd and Cu contents in 
all tested irrigated water samples were w ell below the 
detection limits. Significant differences were observed in 
Ni, Cd, and Cu levels, between both production sites and 
green leafy vegetables analyzed (P < 0 .0 5 ). The mean 
ciincenlralions^mg kg-1, dry weight basis) o f  heavy metals 
id all green leafy vegetable samples collected from six 
areas varied as 0 .23±0 .15  for Cd, 12.60±9.01 for Cu, 
and 7.62 ±8.41 for Ni. Maximum N i, Cd, and Cu contam­
inations were found in the green leafy vegetables collected 
fitttn Kolonnawa area. Am ong the green leafy vegetables 
analyzed, “Kohila leaves” have (lie highest tendency to 
accumulate N i, Cd, and Cu from the environment.

K eyw ord s Contamination • Green leafy vegetables ■ 
Nickel • Copper- Cadmium

Introduction

I'ood safety and security is  a forem ost public concern in 
global context,‘Recently, the increasing demand for food
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safety has inspired m ore research concerning the risks 
associaied with the consum ption o f  foods polluted !>y 
pesticides, heavy metals, and/or toxins. The implication 
associated with heavy m etal contamination is  d i git at 
concern, particularly in agricultural productibri sj stehls. 
T he term heavy metal refers to any m etallic chemical 
elem ent that has a relatively high 'density and is toxic bl 
poisonous at low  concentrations.

H owever, the usage o f  the term has centered on tile 
behavior o f  certain m etallic elem ents which have (In 
im pact upon plants or anim als w hen discharged jtilb 
the natural environment in relatively high com  entni 
tions (Lenntech 2004). L iving organism s requitt 
amounts o f  som e heavy m etals, including clfroirmrlti 
(Cr), manganese (M n), iron (Fe), coball (( o). cbpp& 
(Cu), zinc (Zn), and selen ium  (Se), but e x cc -s1 i j 
o f  them can be detrimental to the organism  causing  
several degenerative diseases o f  central nervous turn 
tion, the cardiovascular and gastrointestinal (0 1 ) sy s ­
tem s, lungs, kidneys, liver, endocrine glands, and bones 
(Jang and H offm an 2011; Adal and WieJiet 0 l3 )  
A m on g  the nonessential m etals, m ercury (H g). lead 
(Pb), cadmium (Cd), and arsenic (A s) are recognized  
as m ost toxic to  hum ans, even  at exposure to lov 
concentrations causing m ajor health problems aSSocial 
ed with neurotoxic and carcinogenic actions (Johlovd 
and Valko 2010; Tokar et al. 2 0 1 1).

H eavy metals arc introduced to the environment by 
natural and anthropogenic sou rces such  as natural 
weathering o f  the earth’s crust, m ining, so il erosion, 
industrial and traffic em issions, untreated sew age elTlu 
ents, fertilizer, pesticides, and other d isease  Cbiitroi 
agents applied to plants, atm ospheric pollution fallout,
etc. (M ing-Ho 2005). O ne o f  the major routes b f l ...........

exposure to these toxic elem ents is through the diet 
(food and water). According to the research conducted 
over the previous decades, plant crops have the ability to 
concentrate toxic metals in their edible and nonedible 
parts through con ta m in a ted  s o i l ,  irrigation  water  
sources, and atmospheric deposition. Trace metal 
m ulation in plants depends on plant species, growth 
stage, type o f  soil and m etals, so il condition, wea'lier, 
and environment (M adyiwa et al. 2002).

Consumption o f  green leafy vegetables (OLVs) in 
fresh and cooked forms are b ecom in g very popular 
am ong Sri Lankans, particularly am ong the urban coln- 

J2M Uty_since they are w e ll aware o f  the nutritional 
benefits (fibeirvitam ins C and K , carotenoides, fdlate, 
minerals iron and calcium, w ide range o f  antioxidalits

anti flavonoides, etc.), cheap price, and the easy acces­
sibility  associated with the product (Kananke et al, 
2014), However, as reported by many previous studies 
conducted in other countries, leafy  vegetables have 
more potential to accumulate heavy metals than other 
fruit and vegetable crops (Chang et al. 2014; Ramesh 
and Yogananda Murthy 2012; Gupta et al. 2013; Otitoju 
et al, 2012; Sumkite et al. 2013). In Sri Lanka, extensive 
green leafy vegetable cultivation is practiced primarily 
in and around Colom bo District which is  the commer­
cial capital o f  Sri Lanka. A ccording to m any previous 
research findings, Colom bo District r eported to have the 
highest degree o f  environmental pollution in Sri Lanka 
due to the vast number o f  population, industries with 
lack o f  po licies to control pollution , and extensive  
am ounts o f  veh icles located  in  the area (Country 
Situation Report 2013; I' .peruma 2000; Herath et al. 
2013; Gunathilaka et al. 2011). Apart from this, heavy 
Use o f  poor quality agro-chemicals b y GLV farmers over 
a long time period m ay have also caused heavy metal 
contaminations o f  GLV in C olom bo District. Further, 
majority o f  the urban com munity is  not aware about the 
extent o f  heavy metal contamination o f  the GLV con­
sum ed since very scant)' literature is available on heavy 
metal pollution o f  GLV obtained from the cultivation 
sites o f  Sri Lanka. In our- previous investigation con­
ducted in Colom bo District, Sri Lanka, w e  have found 

high contamination o f  com m only consum ed GLV with 
11) and Cr (Kananke et al. 2015). 1 Ir.e present study was 
conducted with the aim o f  determining the concentra­
tions of another three toxic heavy metals (Ni, Cd, and 
t i l )  in soil, irrigation water, and five key Sri Lankan 
G LV  [“tvlukunuw enna” (A lte n ia n lh e r a  s e s s i l i s ), 
Thaflipala" (A m aranthus v iiid is), "N ivithi” (Basella  

a\ha), "Kohila leaves” (Lasia  sp in o sa ), and “Kankurr”
(Ipom oea  aquatica)]  grown locally  in selected urban 
areas in and around C olom b o  D istrict, Sri Lanka 
(Fig. I).

M i ferial and m ethods

Study area

A  preliminary investigation survey w as carried out in 
arid around Colombo District to identify the extensive  
Cultivation areas ofGLV. A  structured questionnaire was 
distributed among the farmers o f th e  selected production 
areas to obtSr'n information concerning the cultivation



Fig. 1 Types o f  GLV collected 
from the cultivation sites a Nivithi 
b Mukunuwenna c Kankun d 
Thampala and e Kohila Leaves
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history o f  selected crops. Based on that, six locations, 
nam ely, Piliyandala (9  sites), Bandaragania (:“ rile'.!. 
K ahathu du w a (5  s i te s ) ,  W ella m p itiy a  (I I s ite s  I. 
K olonnaw a (5 sites), and Kottawa (5 sites), were Selefcl 
e d  for the test (Fig. 2), Irrigation water, soil, and OLA' 
w ere  randomly collected from the above selected sites 
based on the availability at the time o f  sampling 

GLV cultivation sites  located in K olonnaw a aii'l 
W e lla m p it iy a  a r ea s  a r e  u n d e r  th e  c b n t tb l  b l  
K olonnaw a Urban C ouncil w h ich  w as developed as 
(he backyard o f  the C o lom b o  City, accom m odating  
m ainly the warehousing and service sector activities 
T he environment o f  K olonnawa is characterized by the 
existence o f  25  % high-land and 75 %  low  I inj 
w h ich  had been filled during the last three decades 
M ost parts o f  the Kolonnw'a area located in (he flood  
plains o f  Kelani River, which is considered as the ttrosl 
polluted river in Sri Lanka. Apart from GLV cultivation, 
hardly any other agricultural activities exisl in the mire 
claim ed low -lying areas. Som e parts o f  the Kolonnawa 
area (Meethotamulla) used as a dum ping ground for tire 
so lid  waste generated in Colpmbo. Parallel to this pro 
cess,, there are major storage/utility installations/large- 
sca le  industries located in the area including KoloniMwa 
p etro leu m  o il sto ra g e  an d  re fin in g  in sta lla tio n s, 
Kelanithissa electricity substation, water storage instal­
lations to South o f  Pothuvil Kumbura solid waste d is­
posal site, food granaries, textile and garment industries, 
veh icle  repair workshops, container yards, warehousing 
com plex, garage w arehouse com plex, several sawmills, 
and timber depots. The above m entioned activities have 
T esalted liigh industrial pollution in (lie area due to lack

bfenforcem ent o f  zoning and environmental regulations 
(o ensure safe  discharge o f  industrial effluents (City 
I’tofile-Kolnonnawa Urbart Council 2002).

Kottawa is also a suburb o f  C olom bo City, which is 
located 2 1 km from the center o f  Colom bo. And, it is a 
liey landmark in Sri Lanka’s  road system s due to the 
development o f  highways across the area (A 04 highway 
connectin g  C olom bo artd B atticaloa and Southern 
I xpressway (E01) connecting Colom bo and Matara).
I lie area reported high num ber o f  population and traffic 

density apart from few  industrial activities. Piliyanadala 
is another suburb o f  tire C olom bo District, which is 
situated about 18 km south o f  Colom bo. It is one o f  
the relatively high populated suburbs positioned in the 
(  olom bo City, and it is sur rounded by the less urban 
suburbs ofK esbaw a, Bandaragatna, and Kahathuduwa.

Water Sampling and analysis

Irrigated water samples from each production site were 
collected in previously cleaned, 1-L polypropylene bot­
tles, and 1 m L o f  concentrated nitric acid w as added to 
each sam ple to avoid microbial spoilage. Sam ples were 
predated and analyzed for Cd, Cu, and Ni concentra­
tions by atomic absorption spectroscopy (A A S) as de­
scribed in A P H A  (2005).

Soil sam pling and analysis

1 oniposite soil samples were collected from each site by 
combining sm all portions o f  soil from various locations 
Within (he p lot. S o il w'as sam p led  to a depth o f

o f  12 187
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approximately 12 cm , in w h ich  (he so ils sampled cov­
ered (he average effective root zone o f  the green leafy 
vegetables. Unused, clear polyethylene sam pling bags
were u se?  to cd llectthe soil sam ples into (lie laboratory.

I lien, lire soil samples were prepared and analyzed for 
Cd, Cu, and Ni by A A S , according to the method 
described  in A O A C  9 6 5 .0 9  (O ffic ia l M ethods o f  
Analysis 2002,).
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Green leafy vegetable sam pling and analysis

GLV (Mukunuwenna, Thampala, N iv ith i, Kohila, alid 
Kankun) samples were randomly co llected  in ajjjjlop!i 
ately labeled polyethylene bags sim ultaneously with (lie 
so il samples at the sam e locations. A  com plete desciip  
tion o f  the GLV collected from the study area w as giv^-n 
in Table 1.

P re-treatm ent GLV sam ples procured from agricultural 
fields w ere washed thoroughly w ith running tap water Ms 
prevalent during normal cooking process to  ten  
dirt, and other airborne pollutants. T he edible parts wel e 
chopped into small pieces.

D rying  Test portions were dried in a drying oven, nl 
105 °C, until a constant w eight was obtained, theti cooled  
to ambient temperature, and crushed b y m eans o f  n dealt 
pestle and mortar to obtain hom ogenized samples. I hep. 
the ground samples were stored at room temperature ill 
airtight sealed polyethylene bags until required for ftnal 

ysis by A A S after dry ashing technique as dbscHbi d 111 
A O A C  975.03 (Official M ethods o f  A nalysis 2 d (1

Comparison o fC d , Cu, and N i concentrations in field  
sam ples with reference sam ples

Reference GLV samples o f  M ukunuwenna, Thaftipala. 
Nivithi, Kohila, and Kankun w ere grown in  experim en­
tal plots constructed in a hom e garden in an unpolluted 
area, without using any chem ical fertilizer or pest" Ides 
Representative samples o f  each GLV, a reference com  
posite soil sam ple and an irrigated water sam ple, were 
analyzed by A A S  to determine the concentrations o f  Cd, 
Cu, and N i using the sanre methods m entioned above. 
Calculated values o f  heavy m etals irt soil, water, and 
GLV samples were compared with W HO/FAO perm is­
sib le limits to ensure the consum er safety (W H O /f AO  
2003; FAO 1985).

Table 1 Green leaty vegelables sampled from production sites 

Local name English name

Quality assurance

Appropriate quality assurance procedures and precau­
tions were follow ed to ensure the reliability o f  the re­
sults. A ll chemicals used in tire experiment were pur­
chased from the Sigm a Aldrich Company, U SA , and all 
the reagents used were o f  analytical (trace metal) grades. 
Standards were prepared for each metal using the stock 

solutioiis to calibrate the equipment. Glasswares were 
properly cleaned and distilled water was used through­
out the study. Reagent blank determinations were used 
lo  correct the instrument readings.

Statistical analysis

Descriptive statistics (mean, m inim um , maximum, and 
standard deviation) and statistical significance o f  col­
lected data were analyzed by ANO VA using Minitab 
14.0 and Excel computer packages.

R esults and discussion

H eavy metal contamination in studied soils

H ie nature o f  the soil is one o f  the influential factors 
which deter mine the heavy metal levels o f  agricultural 
crops (M adyiwa et al. 2002). H eavy metal pollution o f  
agro-soils can create long-term ecological problems, as 
w ell as num erous health c o n seq u en ces in human 
()' luclntweli et al. 2006). Soils can act as filters o f  toxic 
chem icals However, continuous loading o f  pollutants 
or changes iir pH can reduce the capacity o f  soils to 
retain toxic metals. Consequently, soils release heavy 
metals into the groundwater or soil solution, which in 
turn available for plant uptake. Trace m etals in soil 
originally arise from the geochem ical cycling and soil- 

foim ing processes, and the amount of trace elements in 
soil depends on the parent material, climate, topography,

____________________ '_______________ P ag cS  o f  12 187

Scientific name

AUermmthem sessilis 
Basella alba 

Amaraiitlm viridis 
Ipomnea aquatica 
l-itsia spinosa

Edible part

Leaves and young stem 
1.eaves and young stem 
Leaves and young stem 

Leaves and young stem 
Stem and young leaves

Mukunuwenna Sessile alligatonveed and sessile joy weed
Nivithi Malabar spinach

Thampala Chinese spinach, green amaranth, dtltl pig weed
Kankun Water morning glory
Kohila Lasia

£ )  Springer
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etc. Further accumulation o f  m etals in soil m ay occur by 
long-term  application o f  pestic id es, fertilizers, cohi- 
posts, and manure; sew age  sludge; and other antlirojio- 
genic activities (A llow ay and Ayres 1993)

T he results o f  the concentrations o f  heavy metals in 
the so ils collected from six  different production 
and around C olom bo D istrict are given  in T ittle  2. 
A verage concentrations o f  Cd, Cuj and N i in agrictllttlial 
so ils showed larger variations in  the analyzed fie lik  
M ean levels o f  Cd, Cu, and Ni in field soil sn m pH  
w ere higher than the control soil sam ple obtained from 
the unpolluted experimental area. W hen compared with 
the maximum allowable lim its o f  Cd (3 m g k g ” 1), C u 
(1 0 0  m g kg” 1), and N i (50  m g  kg” ') established by Hie 

W HO/FAO guidelines, the m ean concentrations o f  t i l  
in K olonnawa area (3.56 m g kg '); Cu in Wellalnpitiy n

(113 .0  m g  kg ')  and K olonnawa (142.7  m g kg'” ') -
and N i in W ellam pitiya (7 9 .9  m g k: 1 o l .......a  '
(118 .9  m g  kg” '), and K ottawa (74.1 m g kg"') me;-* 
exceed ed  the safe  limits. The highest contaminations 
o f  Cd, Cu, and N i w ere found in K olonuaw fl area 
f o l lo w e d  by W e lla m p it iy a  an d  K o tta w a  a tea s  
C o m p a r a tiv e ly , o th e r  th r e e  a rea s (P illy flild a lfl 
Bandaragama, and Kahathuduwa) reported significantly 
lo w  degree o f  contamination for Cd, Cu, and N i (al 
P <  0.05).

Environ M onit A ssess (2 0 16) 188:187

High levels o f  heavy metals w ere found in the soils o f  
Kolonnawa, Wellampitiya, and Kottawa areas possibly 
due to several reasons. Som e o f  the cultivation sites o f  
these areas were located in heavily  traffic-congested 
areas and subjected to frequent deposition o f  vehicular 
em issions. Further, the fanners o f  these areas were using 
Substantial quantities o f  synthetic fertilizers and pesti­
cides, which could resull in gathering o f  trace elements 
in so il as observed earlier in m any other countries 
(B elon el al. 2012). Bulk quantities o f  fertilizers and 
pesticides are frequently added to (lie so ils in intensive 
agricultural systems to provide sufficient N , P, and K  
requirements for the crop growth However, these com ­
pounds contain certain heavy m etals as impurities or as 
active ingredients. After long-term application o f  fertil­
izer, these elements have the ability to get concentrated 
in the agricultural soils (W uana and Okieimen 2011).

In addition, farmers in the study reas are using bulk 
quantities o f  poultry manure for longer periods o f  time. 
Several trace metals including A s , Co, Cu, Fe, Mn, Se, 
find Zn w ere added to poultry diet for various purposes. 
Soils receiving continuous application o f  poultry m a­
nure for several years could accum ulate such trace 
metals, which could also be potentially bioavailable 
(Man et al. 2000). Premaralhna et al. (2011) reported 
Hie levels (m g kg”K)  o f  trace m etal impurities in major

Table 2 Descriptive statistics o f  soil samples obtained from different -.eas 

Area

Piliyandala

Wellampitiya

Kolonnawa

Kottawa

Banadaragama

Kahathuduwa

All soils

Control soil 

WHO/FAO

Parameter t d  (mg kg”') Cu (mg kg”1) Ni (mg kg”1)

Range 0.02 0.94 4.1-18.3 1.1-18.7
Mean±SD (;;=9) 0.55 ±0.31" I2.5±4.7° 11.6 ±6.7”
Range 0.26-120 20.6-158.4 9.1-102.5
Mean* SI) (ji= 11) l.95±0.82b 113.0£41.7bc 79.9±26.6b
Range 181-4.25 108.1-195.6 59.1-174.3
Mean *  SD (n =  5) s.5 6 ± 0 i8 ' 142.7±35,3b 118.9 ±43.2'
Range (1.54-2.70 50.8-119.8 47.6-90.7
Mean A-SI) 0/ = 5) l.'17±b.92*b 94.1 ±26.4C 74.1 ±17.0b
Range 0:45-1.16 8.4-17.3 11.7-16.9
Mean ± SD (n = 5) 0 71*0.27" 12.1 ±3.8” 14.2 ± 2. I*
Range 0:35-1,07 5.1-18.8 2.1-18.1
M eaniSD  (;i =  5) 0.60*0.30“ 11.7 ±5.04” 8.7 ±6.67”
Range 002-4,25 4.1-195.6 1.1-174.3
M eaniSD  (?i=40) 1 15± 1.15 66.5 ±59.52 51.5 ±45.51
Mean Hb 9.7 7.6
MPL 3 100 50

Values in the same column with the same superscript letter are not Significantly different fiom each other (P <0.051
A / H  n n f  > s n t _______ • . . . . . . .  v 'ND  not detected, MPL maximum permissible limit

Springer
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types o f  animal manure and fertilizers used in the green 
leafy vegetable cultivation areas o f  Colom bo Disttitl, 
Sri Lanka, poultry manure (0 .97 , 23 .9 , and 6 J t j ,  i 
(0 .4 ,0 .2 , and 1.4), triple superphosphate (23.5. " S, Slid 
20.4), and imported rock phosphate (12.18. 47 .85 , atld 
18.3) for Cd, Cu, and N i, respectively. According!} Ill 
lev e ls  o f  Cd found in trip le Super phosphate and 
imported rock phosphate have exceeded thetnifci taetfll 
levels permitted in com post by Sri Lanka Standard  
I n s t itu te  g u id e l in e s  ( 1 0  m g  k g ~ ' fo r  Cd afid  
400  m g kg-1 for Cu).

Han et al. (2 0 0 0 ) show ed that Cu and Zu had accl! 
mulated considerably in the poultry waste-aiheildi 1 soil 
o v e r  25  years. M ajority  o f  the stu d ied  f ie ld s  ill 
K olonnawa and W ellam pitiya areas have m ote  Ilian 
15 years o f  cultivation history, w hile the studied held  
in Piliyandala and Bandaragama areas have a cultivation 
history o f  about 5 -1 0  years. Earlier fesearch findings 
have also suggested that the number o f  years o f  eultiva 
tion had an effect on trace m etal accumulation in soils 
Therefore, the increased and repeated use o f  poultry 
manure and fertilizer could  b e  on e  reason for llie ob 
served increases in Cd, N i, and Cu concentrations n r 
soils.

Besides, several fields o f  W ellam pitiya aiea aie lo 
cated in the floodplains o f  the K elani Rivet which i-= 
frequently subjected to flooding I'he Kelani R iver ip 
also the m ost polluted river in Sti Lanka because ii 
receives untreated industrial effluents directly from the 

C olom bo and Gampaha Districts and also indirectly 
from  tributary stream s and canals (H eralli 2002). 
Therefore, polluted water can enter the closer by agri 
cultural fields. Thus, the river water could also have 
contributed to the accum ulation o f  (race m etals in !l>ese 
areas.

A s reported by Premarathna et al. (2011), the mean 
concentrations (m g kg-1)  o f  Cd (J . 1 8 * 0 .8 2 ), CU (51 
± 2 6 ) , and Ni ( 2 0 ± 5 )  concentrations o f  the studied soils 
o f  green leafy vegetable cultivation siles o f  low  country 
areas in Sri Lanka found to b e  little less than (lie lev els 
(m g k g '1)  o f  Cd (1 .45  ±  1 .15), Cu (66.5 ± 5 9 .5 7 ), atld Ni
(5 1 .5 ± 4 5 .5 1 ) reported in the present study. Afcc.....Ilhg
to  H a rm a n escu  e t  a l. ( 2 0 1 1 ) ,  th e  Cu ( 2 2 9 . 15 

±  10.27 m g kg~') contam ination o r  so ils collected Horn 
v eg eta b le  cu ltiv a tio n  s ite s  o f  an o ld  m ining Btea 
(M oldova Noua) o fB a n a t County, Romania, found to 
be m uch higher than the value reported by the present 
study (6 6 .5 ± 5 9 .5 2  m g kg-1). However, the Cd (0.40  

± 0 .0 2  m g  k g - 1 ) an d  N i ( 1 8 .4 0 ± 0 .4 0  m g  kg- 1 )

contaminations o f  the so ils in their study are far less 
compared to our study (1 .45  ± 1 .1 5  m g kgH Cd and 
51 .5± 45.5 ] m g kg-1 Ni). Ekpo et al. (2014) studied 
the heavy metal concentrations on soil and som e eco­
nom ic crops grown within an abandoned Peacock Paints 
Industiy environment in Ikot Ekan. Nigeria, and found 
(he mean level o f  Cd (1 2 .3 4 ± ! ..1 0  m g kg~') in the 
lopsoils, which is far greater than the value reported by 
llie present study (1 .4 5 ±  1.15 m g/kg Cd). However, the 
C u ( 3 6 . 2 9 ± 2 . 3 2  m g  k g ~ ' )  an d  N i ( 2 5 .2 7  
+-1.21 m g kg ) levels w ere low  in comparison to our 
values.

Heavy metal contamination o f  irrigation water

A s shown in the Table 3, Cd and Cu were not detected in 
any o f  (he irrigated water sam ples collected from the six  
ideas. However, N i w as present in the irrigated water 
sam ples collected from all six areas, and the maximum  
levels o f  Ni detected in the W ellampitiya (2.02 m g L“ '), 
K o lo n n a w a  (1 .0 2  m g  L ” 1) , and K ahathu du w a  
( 0 .2 5  m g  L 1) a r e a s  e x c e e d e d  th e  s a fe  lim it  
(0 .2  m g I 1) established by the W HO/FAO guideline, 
farmers in the cultivation areas are m ostly utilizing 
shallow  groundwater for irrigation purposes, using die 
agro-wells constructed on (he fields. In addition, they 
ate using the water o f  small tributary streams and canals

I'nble 3 Descriptive statistics ofinigaticyi water samples obtained 
from diffeient areas

Atea Parameter Cd
(mg L~')

*

Cu
(mg L-1)

Ni
(mg L-1)

Piliyandala Minimum ND ND ND
Maximum ND ND 0.05

Wellampitiya Minimum ND ND ND
Maximum ND ND 2.02

Kolonnawa Minimum ND ND ND
Maximum ND ND 1.02

Kottawa Minimum ND ND ND
Maximum ND ND 0.06

BattdaraganiR Minimum ND ND ND
Maximum ND ND 0.10

Kaliathuduwa Minimum ND NI) 0.05
Maximum ND NI) 0.25

Control ND ND ND
WIIO/FAO MPL

it
0.001 0.2 0.2

Ato not delect#!, MPL maximum permissible liinit
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o f  K elani R iver for irrigation  pu rp oses. In 20(12, 
Gunawardhana et al. investigated the heavy m etal con­
centrations in shallow  groundwater in Colom bo Solllh  
area and sim ilarly found high concentrations o f  k i  
(0.1 m g/L) unlike Cu (0.01 m g/L ) and C d (ribt defect tl) 
A s the authors have m entioned, the groundwater polhi- 
tion occurs on a different tim espale than the surftfbe 
water contamination. Therefore, nonpoint som oe oolln- 
tion can take years or even decades to appear ill wells 
and just as long to be dissipated or to be converted. 
These distinctions depend on the topography, Itytlrolu 
gy , and the sources o f  groundwater recharge atld have  
implications for lim iting as w ell as remediating jmnib'l 
water contamination.

H eavy metal contamination o f  GLV

Table 4  represents the Cd, Cu, and N i concentrations iff 
GLV collected from six cultivation areas and the control 
site. Results revealed that the field sam ples tit 1 
contain markedly higher levels o f  Cd, Cu, and NI con 
tents than the reference sam ples. T he average Cd diid 1'li 
concentrations o f  all the five  types o f  GLV exceed ed  
the perm issible lim its for human consum ption, r h il‘- 
the Cu level rem ained under (he perm issib le  limit 
A c c u m u la t io n  o f  C d  in  G L V  f o l l o w e d  th e  
o r d e r  o f  M u k u n u w e n n a  <  N i v i t h i  < K a itk u it  
< T h a m p a la < K o h ila , w h ile  for C u , it varied  as 
T h a m p a la < N iv i t h i  <  M u k u n u w e n n a  < K a n k u n  
< K ohila and for N i as T h am p ala< M ukunuw enna  
< N iv ith i < Kankun < K oh ila . C om pared w ith  o lhei 
four GLV, K ohila accum ulated sign ifican tly  highei 
leve ls o f  all the three m etals (P < 0 .0 5 ) .

Significant differences w ere observed in Cd, Cu. in d  
N i lev e ls  o f  all GLV co llected  from  the six  a ieas  
(P < 0 .0 5 ) . For all three m etals, K olonnawa ai - • lit ' 
th e  h ig h e s t - c o n t a m in a t io n ,  f o l lo w e d  b y  th e  
W e lla m p i t iy a  a n d  K o t t a w a  a r e a s  ( f i g  3 )  
Comparatively, the other three areas show ed less eon  
tamination for Cd, N i, and Cu, and the m ean levels were 
low er than the perm issible lim its (W HO/FAO 2003).

The differentia] concentrations o f  Cd, Cu, and N i in 
the GLV sampled from the production sites m ay be due 
to  the variations o f  heavy m etal concentrations o f  soil, 
air, and irrigation water o f  the respective site Finlher, 
the concentrations o f  heavy metals in leafy vegetables 

■differftonrone sam pling location to the other find vflry 
-fronrone-species o f  vegetab le to die other. This m ay be 
attributed to differential uptake capacity o f  vegetables

for different heavy metals through loots 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 o f  the root type o f  the plants to 
penetrate where the heavy metals are found (Richards 
et al. 2000).

I 'olom bo District is (he most polluted city in Sri 
Lanka due to high urban population, traffic congestion, 
and vast number o f  unplanned industries located in the 
area. Som e o f  the industries w ith lack o f  policies to 
control pollution have been established in  Colom bo 
for more than two decades, and heavy u se  o f  agro­
chemicals by fanners over long tim e m ay suggest that 
the historical pollution related to past and present activ­
ities contribute to the contaminations o f  GLV (Country 
Situation Report 2013; Ileperama 2000; Herath et al. 
2013; Gunathilaka et al. 2011). The obtained data re- 
|iorted that the concentrations o f  heavy metals were 
higher in the GLV sam ples collected from Kolonnawa 
and Wellampitiya areas. Fields o f  these two areas are 
located very c loser (approxim ately 500  m ) to the 
Kolonnawa and Orugodawatta oil refinery and storage 
plants and additionally to the Meelhotamulla garbage 
dtimpsile (Fig. 2). This site is  used for the disposal o f  
solid waste collected from Kolonnawa area. The extent 
d f  the dumpsite is about 18 ac, and 45,500 kg o f  waste is 
disposed daily. The open dump is  more than 30 m  high 
and created poor sanitary conditions due to lack o f  
maintenance. When the ifntreated leachate travels down­
ward from the landfill to the groundwater table, both soil 
and water gets contaminated as a result o f  infiltrated 
piecipilation (Perera et al. 2014). In addition, Sewwandi 
el al. (2013) evaluated the leachate contamination po­
tential o f  municipal solid waste dumpsites in Sri Lanka 
using leachate pollution index (LPI) and found the 
highest overall LPI from K olonnawa dumpsite followed  
by Bandaragama and Ralhnapura sites. According to 
them, Kolonnawa landfill leachate is contaminated with 
organic pollutants and h eavy  m etals and it has the 
highest potential o f  pollution.

Ni, Cd, and Cu contaminations o f  GLV were also 
higher in Kottawa area. The cultivation sites selected here 
w eie located closer to the traffic-congested high-level 
(A 04) road and to the Southern Expressway (E01). The 
transport sector, accounting for 12 % o f  Sri Lanka’s 
eneigy consumption, and 60  % o f  all petroleum consump­
tion, causes the m ost serious air pollution due to its 
cortCentratioh in populated areas. Consumption rates re- 
coided by Ilip.iCeylon Petroleum Corporation show that

Environ M onit Assess (2016) 188:187
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Table 4 Descriptive statistics o f  GLV samples oblaiiii 1 iifl til

GLV Parameter Cd (dig kg ’) Cu (mg kg'1) Ni (mg kg ')

Sampling areas 
Piliyandala (n=9) Mean *  SD 0 15*0.06“ 6.67 ± 2.84a 2.50*1.97“

Range 0.04-0.29 1.74-13.83 0.01-9.02
Wellampitiya (n = 11) M eaniSD 0 29r^0.16b I8.13*6.48b 10.06i7.461’

Kolonnawa (n =  5)
■ Range 0 11-0.78 6.08-34.01 1.39-38.26
Mean *  SD 0 30 + 0.20' 21.97* 13.59b 21.73*10.73'

Kottawa (n = 5)
Range 0.16-0.88 3.79-45.30 3.65-38.73
Mean *  SD o.2 ? .± o .ir b 13.73*7.57' 7.15 *  3.61b

Bandaragama (n =  5)
Range 0.06-0.58 3.29-31.73 1.73-14.75
Mean *  SD 0.l6±0.04a 7.72*3."!' 3.15*1.72“
Range 0.07-0.25 2.58—11.90 1.34-8.61

Kahathuduwa (n = 5) Mean *  SD 0.16*0.04“ 5.28*2.22“ 2.33* 1.58“

Field samples 

Mukunuwenna (h=40)

Range 0.11-0.26 2.03-11.06 0.45-6.18

Mean * SD 0.20 ±0.113 11.85*7.51" 6.48±6.74“b

Nivithi (h=35)
Range 0.06-0.51 2.03-33.74 0.04-26.84
Mean *  SD 0.20 ±0.13’ 10.07*8.75“ 6.53 *  7.97“b

Thampala (» = 35)
Range 0.06-0.62 1.74-41.62 0.01-26.87
M eaniSD 0.23*0.11" 9.19*7.25“ 5.95*7.18”

Kankun (ir =  40)
Range 0.(H 0.55 2.29-37.63 0.01-29.16
M eaniSD 0.21 ±0.12” 14.13*8.90"” 7.90*8.61"'’

Kohila (;;=30)
Range 0.04 0.71 4.47-38.84 0.50-34.22
M eaniSD O.33*0.2Ofc 17.73* I0.03b 11.24* 10.36b

All samples (n =  180)
Range 0.12 0 88 4.78-45.30 0.70-38.73
Mean + SD 0.23*0.15 12.60*9.01 7.62*8.41

Reference samples
Range 0.01-0 88 1.74-45.30 0.01-38.73

Mukunuwenna Mean ND 3.88 * 0.89Nivithi Mean ND 2.34 1.17
Thampala Mean ND 3.84 1.45
Kankun Mean ND 9.14 « 0.96
Kohila Mean I'll) 11.34 1.62

WHO/FAO MPL 0.2 40 4*

Values in the same column with a same superscript letter are not fllgniHeartily different from each other (/'<  0.05) 
MPL maximum permissible limit

“According to the Food and Nutrition Board, Institute o f  Medicii!" (2010)

petrol consumption has declined marginally, but tbn- 
sum ption o f  diesel has doubled due to the increased 
number o f  private buses. Concern is also growing about 
the impacts o f  the small particulates emitted from diesel 
engines. Uncontrolled diesels’ emit about 30  to 70 times 
m O T ^ ^ cu latesJhan  petrol engines. Studies indicate that 
These particulates have caused increased tumors in animals

atld may be car cinogenic to exposed human body (Natural 
Resources o f  Sri Lanka 2011; Kananke et al. 2015).

It is  w ell known that leafy vegetables are heavy metal 
accumulators. Therefore, i f  they grow in contaminated 
soil, and i f  plant and so il factors are favorable for the 
transfer o f  Irace metals from soil to plant, contamination 
enn occur. B ioavailability  o f  trace m etals for plant
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uptake in soils can be affected by not only total tract? 
metal concentration but by soil pH , organic matte', 
cation exchange capacity, etc. (Blaster et a! 200(1). lit 
addition to soil factors, clim atic and agronom ic practice15 
also influence the m obility and bioavailability ofttletal* 
in the soil. Uptake and translocation o f  metal-! in difTei 
ent plant parts are controlled by the plant genulvpe 
GLVs are having broader leafy  surfaces whit hsgrV e - 
points o f  heavy metal uptake into the plant eithet b} 
stomatal or cuticle pathways. A ccording to previous 
studies, pronounced differences w ere observed in clitic 
ular uptake rates for different heavy m etals. Foi in 
stance, Cu, Zn, and Cd w ere taken up al high rates by 
cuticles o f  many plants, whereas Pb is tranSmitti d  iti 
very low  quantities. Further, it w as found tha( < d ami Zn 
w ere  m uch m ore  m o b ile  com pared to Cu or Pb 
Moreover, the youn g plants found to be more efficienl 
on  internal transportation o f  heavy metnls thaii (It- ma- 

“tnre-plants (Blaster e t al. 2000).

Piem aialhna et al. (2011) studied the trace metal 
concentrations in GLV collected from intensively cnlti 
vated areas o f  low  country, Sri Lanka, and found that the 
mean values-(mg kgH dry w eight) o f  the trace m elals in 
(he plants were as 0 .5 9 4 0 .4 4  for C d, 11 ± 6  for Cu, and 
1 1 ± 9  for N i. Comparatively, in the present study, the 

average concentrations o f  elem ents were reported as 
0 .2 3 * 0 .1 5  for Cd, 12 .60± 9 .01  for Cu, and 7 .62±8 .41  
for N i. In both studies, the mean Cd levels o f  the studied 
G LV  h a v e  e x c e e d e d  th e  W H O /F A O  sa fe  lim it 
( 0 2 m g k g  '), while Cu (40 m g kg 1) levels w ere under 
tile perm issible limits. A ccording to O luw ole e l al. 
(2013), Cu and Cd levels in leafy vegetables cultivated 
by the roadside, Ojo local governm ent area, Lagos, 
Nigeria, ranged from 0.3944 to 1.6559 m g kg-1 anti 
0.0854 lo 0 .2563 m g kg-1, respectively. These values 
were quite low  compared to the Cd (0 .0 4 -0 .8 8  m g kg"1) 
arid Cu (1.74—45.30 m g kg ') ranges found in the GLV 
analyzed in (he present study and considered safe for

Ksh il*  Kurfcun

*'»o»da-ara-n» cXahMfcuthwai
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human consumption without the risk o f  environmental 
toxicants. Jacob and Kakulu (2012) assessed the hedvy 
metal bioaccum ulation in spinach, jute fhalit hd
tomato in fanns within K aduiia M etropolis, i |i{.......
and found the m e a n ± S D  (m g kg"1) ■■

o f  vegetable sam ples as Cd 3 .2 ± J .O  and Ni 9,G ±2.5. 
M ean levels o f  both Cd and N i found in Ihe fiii&lyj&d 
vegetables o f  their study w ere higher compared itH Us
(0 .2 3 ± 0 .1 5  for Cd and 7 .6 2 ± 8 .4 1  fo r N i).A c (  OilJi........
them, high concenlrations o f  Cd in  vegetable samples 
were attributed to high levels o f  industrial activities, 
metal works, vehicular em issions, sm all-scale tfttinljlg 
operations, and other anthropogenic activities prevailing 
in the area. Spinach accumulated m ore metals, follow ed  
by jute mallow, and then tomato. This is in agreement 
with som e earlier reports that leafy vegetables have 
greater potential for accum ulating h eavy  m eld ls ill 
their edible parts than other grains and fruit crOJiS, (In­
to their higher transpiration rate. Kalagbnr e l a l $ 0 l 4 )  
revealed the m ean concentrations and ranges (m g kg ') 
o f  N i 17.69 (1 5 .7 5 -1 9 .2 5 ), Cu 9 .13 (7.75 1 1 0 0  
Cd 1.44 (1 .2 5 -1 .5 0 ) in four edible vegetables, biller lerif 
( V e r n o n ia  a m y g d a l i n a ) ,  s c e n t  l e a f  (O c th iu i l l  

gra tissim um ), water le a f  (Ta linum  triangular«), nmt fh-i 
ed pumpkin ( Telfairia o cciden ta lis) from a cottage farm 
in Port Harcourt. The leaves analyzed in llieii study 
revealed high concentrations (m g kg ')  o f  Cd afltl NI 
compared with our study (0.23 ± 0 .1 5  for 1 d i ».6t) 
± 9 .0 1  for Cu, and 7 .6 2 ± 8 .4 1  for N i), and thesi llij ll 
values were attributed to the atmospheric pollution by a 
major highway, burning o f  fossil fuels, and use o fm a  
chinery closer to the farm area.

C onclusion

The present study revealed that the GLVs (total 180) 
collected from C olom bo area, Sri Lanka, with T> % 
(Cd), 5 2  % (N i), and 1.5 %  (Cu) w ere exceedli 
m aximum perm issible lim its established for human con ­
sumption. Dietary intake o f  foods contaminated with 
heavy metals results in long-term low -level body accu­
mulation o f  these elem ents, and the detrimental impacts 
becom e apparent on ly  after several years o f  exposure. 
Thus, regular monitoring o f  these toxic heavy m etals in 

leafy vegetables and in other food  materials is  essential 
to prevent their excessive  buildup in the food  chain. 

Steid iesarem progress to assess the other types o f  heavy 
m etals (H g, A s , Zn, C o, and M n ) present in Hie

com monly consumed GLV, as w ell as to find the partic­
ular sources o f  heavy m etals in respective GLV cultiva­
tion areas.
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