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ABSTRACT

Cadmium (Cd) is ubiquitous in environment and maigrefood chain through intense application of phase
fertilizers to agricultural crops. A cross-sectibsiady was conducted at Kuala Terla and Blue Yateming
villages, Cameron Highlands to determine cadmiuncentration in vegetables and soil and to deterittiae
health risks among respondents. A total of 87 medpiots were selected based on inclusive and exelosteria.

A set of pre-tested questionnaires utilized to inlbgacio-demographic information and to predictltheasks
faced by the respondents based on their vegetadpstion rate. The Average Daily Dose (ADD) andgéar
Hazard Quotient (THQ) were determined in this sti@ynvenient sampling method was employed to olifain
paired soil and vegetable samples. Cadmium corat@mtin the samples was acid digested prior aisaly@ng
Flame Atomic Absorption Spectrophotometer (FAAS)eTnean * standard deviation concentrations ofnCd i
vegetable samples were 0.13+0.082 mid, keithin the acceptable range specified by Malalsiad Regulation
1985 (1 mg kg). For sol samples, the mean + standard deviatonantration of Cd was 2.78+2.83 mg'kg
Eight out of 11 soil samples exceed the permissibieof Cd outlined by The Dutch Standard (1 nu'k The
findings on THQ demonstrated that all respondentsvéthin the acceptable non-carcinogenic heabk ri
(THQ<1). The results also exhibit that there iaoelation between cadmium in soils and vegetablesre are
unlikely potential adverse health impacts arisingmf Cd through vegetables consumption in this study
Respondents are advised to have a medical cheitkarder to determine Cd body burden thus elimigathe
risks of acquiring cadmium related diseases.
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1. INTRODUCTION having gradients greater than 20°. Steep lands are
generally not recommended for agriculture, but the
The district of Cameron Highlands °@B'N, favorable cool climate has encouraged the growth of

101°23'E), Pahang, Malaysia amid the lofty peaks of several agricultural activities in the area. In 798bout
BanjaranTitiwangsa, lies between 1070 to 1830 nvaebo 86% of the area was still covered with forest. hAset

sea level and altogether covers about 71200 hactare moves on, extensive areas of Cameron Highlands were
The area experiences mild temperature, ranging tdm intensively used for vegetable cultivation. Out5#51

to 24°C throughout the year, making it very condeci ha of land use for agricultural purposes in 19%ndl

for the growth of a wide range of subtropical croplse cultivated with vegetables was the most widespread
recorded average rainfall here is about 2660 mmitaed  (47%), followed by tea (44%), flowers (7%) and fsui
well spread throughout the year with peaks in Magt a  (1%) (Abdullahet al., 2005).

October (Abdullatet al., 2005) and the humidity is high Lately, flower cultivation has increased at the
without any marked dry season (Barreinal., 2009). expense of vegetables. During the 1960 s and 1970 s
Most of the areas in Cameron Highlands can bemost of the vegetables and flowers were growndoall
classified as steep lands, with more than 66% e1ahd markets. Agricultural sector accounts for 61% oé th
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employment in Cameron Highlands (Abdullah al., may be experienced by the people as they consume
2005). However, the ancient farming system is n@wv n vegetables accumulated with heavy metals.
more on place as it permits lower income with poor  The effects of heavy metals are not immediate;dein
outcome in Cameron Highlands and as for now, tieere said so the potential of consumers to contractsaadie
an intensive form of agricultural system being ficzd caused by heavy metals may take a long way. At the
especially for the cultivation of vegetables, flowand same time, the effects can be mild and scarce ds we
tea just to experience more benefits. Most of theThus it is of utmost important for us to ensuret ttee
vegetables are grown on terraces cut into granil® h  soil that is used for agricultural and farming mses are
Often these terraces are on the C-horizon or sggrol of better quality to ensure physical health. Apfaom
Large inputs of chicken manure, chemical fertiliaad being a hill station and a famous tourist spot, €am
other agrobiocides are added to sustain vegetaltieation Highlands is also well known for its intensive agtiural
as part of intensive cropping cycle. Much of thegaits activity that is being the main source of incomerfmst of
contain heavy metals and these elements tend tmnatate  its residents. Moreover, the food crops harvestze hare
over time in soil by which the overall process d¢drp  being sold in the nearby markets nevertheless being
growth depends on the nutrients cycle; absorbiagetr —exported. Nasegt al. (2010), reported that due to steep
elements from soil to plant. Vegetable consumpioone ~ terrain in the highlands, cultivation of crops riegs
of the pathways by which these said heavy metdls ga extensive land levelling and terracing to ensure th
access into our body and subsequently increasthisis. ~ Maximum usage of the limited area. This land lewgll
Heavy metals that persist in the ambient enviroriraem  activities results in growing crops on subsoil etbthrough
non-biodegradable and have the tendency to accterinla  large inputs of both organic and inorganic feeitz
different organs through food crops consumptiorteSsive “In addition, the agricultural activities performéul
accumulation of dietary heavy metals such as zinc,this area are aided by chemical control. It remasishe
cadmium, copper, chromium and lead over time magi le MOst popular approach for pest and disease problems
to serious health problems (Kanakarati al., 2007).  contracted by the plants whereby the frequency of
Heavy metals are ubiquitous in environment andtemis ~ application is once a week and get height during we

various forms. However, only cadmium is stressethim ~ S€@son. Besides, the intensive cropping cycles of
study as it is highly toxic to humans. vegetables in Cameron Highlands are also acconmgbanie

According to (Jiaoet al., 2012), long-term use of by high inputs of fertilizers and other agro biasdsuch

phosphate fertilizers and micronutrients could eath as lime, burnt rice husk, soymeal, compound fetits

. ; d chicken dung. Much of these inputs slowly
arsenic (As), cadmium (Cd) and lead (Pb) conterihef an LI ; >
cropland soils to rise if the products used comstaigh accumulate over time in the soil (Khairiatal., 2009).

_ Crop plants may adsorb heavy metals from the growth
Igvetlhof t?ﬁsehelegwer&t;ggr gg(,)é;retatﬁr than ]iggt? t medium and consequently produce detrimental effiects
2N the other han - ( ’ ). In its reporiestanat human health via food crops ingestion (Khairethal.,
input of C"?‘dm.'“m to farmland by atmqsphenc deposit 2009). Although some of the heavy metals or tréaments
and application of phosphate fertilizers anq SEWag€5 e essential for our health, it is important thalg its level
sludge has been an important concern. The signidica

; e ) . in our body due to their toxicity properties.
of cadmium accumulation in agricultural topsoil has = aq such. the level of heavy metals present in tik s

been demonstrated in several European countries. and crops grown has to be monitored regularly to

According to (ATSDR, 2011), chronic exposure to promote the wellbeing of our community and thisldou
cadmium may lead into serious health problems sisch  pe done through this project. Cadmium is selectea a
renal nephropathy, skeletal lesions Itai-itai dse@and  major parameter to assess health risks among ta lo
even cancer. Acute symptoms of cadmium poisoninginhabitants living at the agricultural zones of @mon
include gastrointestinal problems and mild anemia. Highlands. This is due to the fact that cadmiurhigly

In recent years, the adverse effects of pesticidestoxic to human in excess and may pose detrimental
inorganic fertilizers, animal manure, mining adiss effects to human health. Human activities and isiten
and atmospheric deposition towards the agricultsodl farming with massive use of pesticides and phogphat
has become an issue of concern. They have promptetertilizers increases the availability of cadmiumsoil.
numerous questions into the health and safety ofThis study measures the health risks of local iithats
consumers. The heavily contaminated soils may pos€rom cadmium exposure via consumption of food crops
long terms risks to ecosystems and also humanhhgalt  at intensively farmed area. The health risks agigiom
increased uptake and accumulation of heavy metals i cadmium exposure has been highlighted in this stady
plant tissues (Khairiakt al., 2006). The adverse effects intensive farming system is being applied by thealo
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farmers through the usage of fertilizers and pelcin
Cameron Highlands. These chemicals are utilized
intensively so as to control the pest infectionites
enhancing crops’ growth. As a matter of fact, altjio
these chemicals are known to produce beneficiahatgp
as desired by the farmers, the hazardous contehbeé
chemicals are still unknown especially the coneitn
of the cadmium which could sustain in the environime
The uptake and bioaccumulation of cadmium in
vegetables through soil may pose detrimental efféct
humans through food chain. Sharehal. (2008), indicated
that for most of people, the main route of exposuitgeavy
metals is through diet except for occupational expes at
related industries. Heavy metals such as cadmiwdhdad

lead (Pb) have been proved as carcinogens. High

concentrations of heavy metals copper (Cu), cadniiTCuty
and lead (Pb) in fruits and vegetables were relatdugh
prevalence of upper gastrointestinal cancer.

By conducting this study, the health risks of cadmi
exposure through food crops consumption can beifidein
and interventions could be made to control the eusafg

the primitive group (Orang Asli). There were apjinuately

5 household members in each family. The study
respondents were primarily Indian adults, agingertban

18 years old who consume the vegetables growneiin th
area. Study respondents living adjacent to farranegs are
prone to consume more vegetables and may subject to
increased cadmium exposure and thus they are climsen
conducting this study.This study was commencedvior
weeks starting January 2013 until February 201.

2.2. Site Description

The area has a mountainous topography. Most of the
vegetables were grown on terraces cut into theitgran
hills. These terraces are commonly sited on the C-
orizon or saprolite Hig. 2). Acid ingenious rocks,
particularly granite form one of the most important
parent rocks of soils in Cameron Highlands. Soils
developed on these parent materials make up
approximately 50% of the areas. This granite iscaipy
of a coarse-grained porphyritic to mica graniteupper
Triassic to Cretaceous Age. As the two villages taee

those chemicals in trace amount that is presumablyioneers for vegetable cultivation in Cameron Higlds,

beneficial to our health. This study aims to deteenmealth
risks from cadmium exposure via consumption of food
crops at intensively farmed area, Cameron Highlands

2. MATERIALSAND METHODS
2.1. Study Design

This project was carried out at Blue Valley and kua
Terla farming villages, Cameron Highlands, Pahang.
Cameron Highlands is a major vegetables growing are
in Peninsular Malaysig(g. 1).

This research was conducted based on cross-sdctionalso obtained

study design. Soil and vegetable samples werecteti¢o
determine the concentration of cadmium so as tesass
the health risks of cadmium exposure through fduairc
among the local inhabitants of Blue Valley and Hkual
Terla villages. Convenient sampling strategy wasdue
select vegetable farms and soil samples. All thyetables
planted on selected vegetable farms were colldmsities
the soils where the vegetable samples were callestimg
convenient sampling method as well.

Purposive sampling was employed to select the study
respondents with the most reliable criteria. Eighgven  °
(n 87) respondents both male and female were
carefully recruited from Blue Valley and Kuala Tearl
Farming villages with informed consent to assesirth °
health risks. There were roughly 400 residents¢jvin *
the Kuala Terla farming village and 300 residems i °
Blue Valley where the study samples were drawn from
Indian and Chinese were dominant in the area feitbty
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the local populations over the two villages wenagked.
2.3. Data Collection
2.3.1. Questionnaire

The questionnaire takes into account previous rigsli
from the literature and was adapted from (UNEP,8200
Guidance of identifying populations at risk from nney
exposure to assess health risks arising from cadmiu
exposure. Respondents filled in the self-admirgster
questionnaires by themselves. Information requined
through direct interviews with the
respondents by the researcher. The questionnagits el
information on personal and socio-demographic
information, environmental risk factors, dietarybhs of
the subjects, health status and other relevamriacthe
following information is elicited in the questiorirea

e Section A: Personal and Socio-demographic
Information - Date of birth, gender, ethnicity,igen,
marital status, education level and occupatiorghtgi

weight and body mass index (BMI)

Section B: Drinking Water Sources-Water source,
method of water disinfection, distance to the water
source

Section C: Vegetable Consumption Frequency
Section D: Health Status Assessment

Section E: Other Possible Sources of Cadmium
Exposure-Fertilizers and pesticides handling,
smoking habit and alcohol consumption
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Fig. 2. Saprolite/C-Horizon cut into granite hill

1255

C = Saprolite

AJAS



Raagheni Munisamet al. / American Journal of Applied Sciences 10 (1@52-1262, 2013

2.4. Vegetables and Soil Sampling filtered with Whatman no.42 filter study. The fidtes
) _ were diluted up to 50ml using 0.25M of 65% HNOS3.
Vegetables were harvested using stainless Steebigested samples were then labeled and stored in
knife. Harvested vegetables were placed in refrigerator to be analyzed using FAAS. The anedti
polyethylene plastic bags. Vegetables grown afah@  method used in this study measures the total coofen
were collected by taking into account regional Cd in vegetables and soils.
consumption practices of thg Iogal |nhak.J|tar]t§.e'Ehr 27. Data Analysis
types of vegetables sampled in this study; oniaimgp
lettuce and parsley. They were collected at theesam  Descriptive statistics were used to analyze théosoc
spot as the soil samples. Vegetables collectedaistip demographic information of respondents, frequenty o
bags were cut into small pieces with stainless|steevegetable intake in grams, possible cadmium poigpni
knife and washed in tap water followed by deionized signs and health-related problems, respondentis/itzes
water. Later, they were packed in a brown study toand occupation, other possible exposure to cadmium
avoid contamination and made to dry, in oven &tt65  sources, Target Hazard Quotient (THQ), as well as
70°C until a constant weight. The dried vegetablesewer cadmium concentration in both soils and vegetables.
then crushed, grounded using pastel and mortar'COrr_eIatiop tests were performed to detgrmipe the
weighed using an analytical balance and kept eadlos re_Iatlonsh|p bet_ween concentration of cadmium iitsso
in beaker for analysis (Mohamed, 2002). Soil atheac With concentration of cadmium in vegetables.
sampling site, were collected using convenient 2 8 Health Risk Assessment
sampling method, with paired soil and plant samples i _ .
taken at 0-20 cm depth (Zhuaegal., 2009). Each soil  Cadmium is a probable human carcinogen, but there
sample was collected using shovel and kept in stigla is still Iacll< of stfificient data_ to es_umate carcinogenic
bag. Soil samples collected in plastic bags from th risk quant.|tat|vely. Non-carcinogenic health _nsIksm
field were transferred to clean plastic sheets amd ~ COnsumption of vegetables by the local inhabitants
dried at room temperature for a week. were assessed based on the Target Hazard Quotient
(THQ). THQ values were calculated by comparing the
2.5. Sample Analysis average daily intake dose (ADD) of cadmium to the
2.5.1. Vegetable Sample Analysis corresponding reference dose (RfD) as in Equation
(1). A THQ below 1 means that the exposure

Grounded vegetable samples, 0.5-1.0g were placed ifopylation is unlikely to experience obvious adeers
volumetric flasks and subsequently digested withrlO effects (Cat al., 2010):

of 0.25 M 65% HNQ@ in an oven at 70-80°C. The

digestion proceeds until clear solution was obtine HQ=ADD/RMD (1)
After cooling down, the suspensions were filtereithw

Whatman no.42 filter study. The filtrate was adgsto ADD was calculated as in Equation (2) (Zhuasgl.,
10ml with distilled water. Digested samples werenth  2009):

labeled and stored in refrigerator to be analyzsithqu

Flame Atomic Absorption Spectrophotometer (FAAS) ADD =(CxIR)/BW (2)
(Khanet al., 2006).
il Sam ; Where:
26. ol ple Analysis C = (ug/kg, on fresh weight basis): Mean cadmium
Fifteen (15) Air-dried soil samples collected from concentration in vegetables

different farm plots were grinded and sieved. Oreeng IR
of soil from each samples were placed in volumetric Bw
flask. Fifteen milliliters of 65% HN@were added and THQ
the samples were swirled to wet the sample. Th@mm ADD = Average Daily Dose (mg/kg/day)

were stand overnight. The next day, samples weatetle  RfD Oral Reference Dose (mg/kg/day) Oral
in an oven at 60-70°C to be digested. After 4 hairs reference dose is 1xF0(mg/kg/d) for Cd
digestion, the digested samples were let to beecoahd (IRIS, 2007).

(g/person/day): Ingestion rate of vegetables,
Bodyweight
Target Hazard Quotient
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The Ingestion Rate (IR) (g/person/day) was contains approximately 1 to 2 pg of cadmium, smgkin
calculated as frequency of intake (conversion facko  one pack per day results in a daily uptake of cadmi
serving size x total number of servings x weighfaafd ~ that approximates the amount derived from food
in one serving (Norimakt al., 2008). The Transfer Factor (Bernard, 2008).

(TF) or Bioaccumulation Factor (BAF) is an indextoé Approximately 73.6% of study respondents consume
ability of the vegetable to accumulate cadmium with Vegetables 2-3 times per day. About 11.5% of study
respect to its concentration in the soil substratee respondents consume vegetables once a day. There ar
value was calculated as,G/Cqoi (Zhuanget al., 2009), 6.9% of study respondents who consume vegetables 2-

represent cadmium concentration in edible part oftimes and 5-6 times per week respectively in theity
vegetables (Gundand soils(Gy) respectively. diet. Respondents who consumed vegetables 2-3 times

per day, once a day and 5-6 times per week were

3. RESULTS classified as frequent vegetable eaters while thadse
consumed vegetables 2-4 times in a week and once a
3.1. Socio-Demographic Information of week were classified as non-frequent vegetablesate
Respondents The frequency of vegetable intake is important to

assess the health risks of respondents. Relevémtada
required to conclude whether the respondents de sa
through consumption of vegetables grown at cadmium
polluted agricultural sites. In order to answersthi
question, THQ was calculated. At first, the vegktab
ingestion rate was determined through frequency of
vegetable intake assessed in questionnaire. Thetakdg

Study respondents were mainly recruited from Kuala
Terla (Batu 49) and Blue Valley farming villages.
Respondents consist of 49 female (56.3%) and 3& mal
(43.7%). The majority of study respondents weréansl
(78.2%), age between 50 to 69 (36.8%). About 4307%
study respondents having normal Body Mass Index

(BMI) which is between 18.5-24.9 kgfmAmong those ingestion rate was then used to determine the ABD f

- L o
who participated n this study, 73.6% are marridfth each respondent. The ADD was required to estimate
regard to education, most of the study respondents

(41.4%) have studied until secondary level. Mosthef respondents’ non-carcinogenic health risks (THQ).
respondents are farmers and at most they do ptapsc 35 cadmium Concentration in Vegetables
apart from their daily jobTable 1).

Study respondents might have exposed to cadmium Seven (7) out of fifteen vegetable samples
from other sources of exposure despite consummtfon collected indicate the presence of Cd. The Mean +
contaminated vegetables. Drinking water contanomati ~ Standard Deviation (SD) cadmium concentration in
exposure to fertilizers and pesticides, smokingthed the samples were 0.13 mg kgr0.082. The Mean *
alcohol consumption may increase disease burden asD of Cd concentration in onion spring was 0.18 mg
well (WHO, 2010).Table 2 indicates that most of the kg™ +0.10 followed by lettuce (0.086 mg Kg+t0.40)
respondents (47.1%) use rain water for their dailyand parsley (0.087 mg Kg #0.057). High
activities followed by tap water (41.4%) and riveater concentration of Cd in onion spring was possibly
(11.5%) for their household chores. Cadmium exposur related to high phosphate fertilizer applicatiomaly
from drinking-water is relatively unimportant cormpe vegetables such as lettuce are generally considered
with exposure from the diet (WHO, 2010). accumulate cadmium to a higher extent than roots,

However, impurities in the zinc of galvanized pipes tuberous and fruit vegetables (Zhuaeagal., 2009),
and solders in fittings, water heaters, water asoénd which is due to the fact that leafy vegetables have
taps can sometimes lead to increase cadmium lévels high translocation, high transpiration and alsot fas
drinking-water (WHO, 2010). In addition, 25.3% of growth rates. In addition, they are susceptible to
respondents in this study were exposed to chemigals physical contamination by soil dust and splash beea
35.6% of respondents were exposed tofertilizers orof their high foliar surface areas (Zhuaeigal., 2009).
pesticides from their working environment. Eight4q8  However, the presence of cadmium in 7 out of 15
of respondents do smoke and 33.3% of them consumeegetable samples does not exceed the permissible
alcohol. Tobacco smoking is an important additional level as regulated by the Malaysian Food Regulation
source of exposure for smokers. Since one cigarettel985 (1 mg kg") (Fig. 3).
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Table 1. Socio-demographic information of respondents

Variable N % MeantSD Range
Age (years): 45.75+16.16 20-85
20-29 20 23.00

30-49 28 32.20

50-69 32 36.80

>69 7 8.00

Gender:

Male 38 43.7

Female 49 56.3

Race:

Chinese 19 21.8

Indian 68 78.2

Height (cm): 164.86+10.08 148-196
Weight(kg): 67.51+15.51 42-140
BMI (kg/m?): 24.73+4.57 15.1-42.3
<18.5 10 115

18.5-24.9 38 43.7

25-29.9 30 34.5

>30 9 10.3

Marital Status:

Single 19 21.8

Married 64 73.6

Widow/widower 4 4.6

Education:

None 7 8.0

Primary 21 24.1

Secondary 36 41.4

Tertiary 23 26.4

Table 2. Other possible exposure sources of cadmium (N = 87)

Variables N %
Water Source

Tap water 36 41.4
River water 10 11.5
Rain water 41 47.1
Chemical Handling

None 65 74.7
>1 times per year 5 5.7
>1 times per month 11 12.6
>1 times per week 5 5.7
>1 times per day 1 1.1
Pesticides/Fertilisers Handling

None 56 64.4
>1 times per year 8 9.2
>1 times per month 15 17.2
>1 times per week 7 8.0
>1 times per day 1 1.1
Smoking Habit

Yes 7 8.0
No 79 90.8
Already Quit 1 11
Alcohol Consumption

None 58 66.7
>1 times per year 6 6.9
>1 times per month 14 16.1
>1 times per week 9 10.3
///// Science Publications 1258 AJAS
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_.2“ 0.2 0.18 Cd permitted level (1 mg/kg) Malaysia
Eﬁ 0.18 - Food Regulation, 1985
= 0.16
£ 014
S 012
3 01 - 0.087  0.086
S 0.08 -
£ 0.06
£ 0.04 -
S 0.02 -

0 ! ; S

Onion spring  Parsley Lettuce
Vegetable samples
Fig. 3. Cadmium concentration in selected green vegetables
3.4. Cadmium Concentration in Soil Samples with high TF are more easily transferred from soithe

edible parts of plants than ones with low TF (lai@l.,

q ReSl:jlt s_hhowsdth_at 1 .Oﬁt r?f 14 soil sample;m\;verezoﬂ)_ Based on a study conducted by (leical.,
etected with cadmium, with the mean concentradion 2011), the TF values for cadmium varied from 0.038

2.78 mg kg' + 2.83 (SD). Since Malaysia have no soil to 1.258, with a mean of 0.383, which was the haghe
contamination standard, the Cd concentration il soi among the other metals and was more than 50 times
was compared to the Dutch reference value which isy o TEs of copper and lead. Due to the high
_l . . . -
1mg kg™ (Fig. 4). There were 8 soil samples contained ¢ ncentration of exchangeable cadmium in vegetable
cadmium  concentration more than the specified gyjis the cadmium in the edible parts of vegetable
stgndard. High concentratlon of Cd in soil sam_ples probably came from the root uptake from soils.
this study was possibly related to the intense |, this study, lettuce has the highest transfetdiac
apphcat-lon of.phosphate fernhzgrs to thanpepcro of 0.12 followed by parsley with 0.027 and onion
production. _Th!s result was consistent with (Klrh!na spring with 0.022 which indicates that lettuce hiaes
2006) who indicated that elevated levels of Cdail s _ potential to absorb cadmium readily from sdflable
and excessive concentrations of Cd in cocoa iN4). This was supported by It al. (2012), in his study
Peninsular Malaysia was related to high input of where lettuce has the highest TF for most of thevize
phosphate fertilizers. metals. Zhuanget al. (2009), indicated that the

3.5. Relationship Between Cadmium in Soils transfer factor varies greatly with plant specilsis

and Vegetables and Transfer Factor (TF) of suggested that Cd can bind with enzymes instead of
Cadmium from Soils to Vegetables Zn when the two metals simultaneously enter plant
€9 cells, as Zn and Cd affect nucleic acid metabolism

There was no significant relationship between the same manner. Consequently, Cd is easier to
cadmium in soils and cadmium in vegetables (p>0.05)transfer from soil to the edible part of crops pedjes
(Table 3). The Transfer Factor (TF) of metals was compared to Zn. These findings strongly suggest tha
used to evaluate the potential capability of platwts the transfer of heavy metals from soil to food arop
transfer metals from soil to edible tissues. Soil-t results in relatively high concentration of Pb a@d
plant transfer is one of the key components of huma in rice and vegetables which may affect the human
exposure to metals through the food chain. Metalshealth in near future.
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S15 Sl1é6

S19 821

Soil samples

Fig. 4. Cadmium concentration in soil samples

Table 3. The relationship of cadmium in soils and vegedabl
Cadmium in vegetables

Variables
Cadmium in soil R P

-0.571 0.180
Table4. TF value of cadmium from soil to vegetables

TF

Samples Mean+SD
Parsley-soll 0.027+0.0310
Onion spring-soil 0.022+0.0065
Lettuce-soil 0.12+0.12000

3.6. Possible Cadmium Poisoning Signs and
Health-Related Problems

Most of the respondents do not experience any
adverse effects due to cadmium poisoning except for°
17.2% of respondents who have reported of facimgeso
skin problems followed by gastrointestinal problems

(11.5%) and respiratory problems (10.3%)alfle 5).
Almost all of the study respondents do not exhélit

(WHO, 2010). The accumulation of cadmium in the
kidney (in the renal cortex) leads to dysfunctidnttee
kidney with impaired reabsorption of, for instance,
proteins, glucose and amino acids. It is estimttati1%

of all smoking women in Sweden with low body iron
stores may experience adverse kidney effects dtieeto
cadmium load. Other effects of cadmium exposure are
disturbances in calcium metabolism, hypercalcianal
formation of stones in the kidney Nordic Council of
Ministers, 2003.

3.7. Health Risks Encountered by Respondents
from Cadmium Exposure via Consumption
of Vegetables

Non-carcinogenic health risk of respondents was
alculated using Average Daily Dose (ADD). Later BD
is used to compute the Target Hazard Quotient (THQ)
The mean + SD of ADD in this study was 2a4*
+1.27x10* mg/kg/day Table 6). All respondents (N =
87) have the Target Hazard Quotient (THQ) value <1

respondents reported with skeletal, renal, livet aerve
related problems. In addition, 29.9% of respondbatse
reported of hair fall and 27.6% of joint pain. Cadm

the risk for non carcinogenic health impact of @d f
these respondents is acceptable. According to (Lalo
2008), there have been several cases of appatagty

accumulates in the human body and especially in theexposures to cadmium without accompanying health
kidneys. Kidney damage (renal tubular damage) iseffects in France, Germany, United Kingdom (UK) and

probably the critical health effect from Cd poigumi
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Table5. Health related problems among respondents guidelines or standard, the cd concentration wagpeoed
Health problems Percentage (%) to the Dutch standard. There were 11 soil samples
Skin problems 17.2 detected with the presence of cadmium whereby eight
Gastrointestinal problems 115  of them exceeded the standard value (1 md)kghis
Respiratory problems 10.3  possibly related to the high usage of fertilizershis area
Skeletal, renal, liver and or possibly due to the nature of the soil. Further
nerve related problems 1.1 . .
Hair fall 29.9 assessment such as comparing the_Cq va_lue to Aleiror
Joint pain 276 the soil samples could prqwde an indication whetbe

was from the anthropogenic process or from thereaiti
Table 6. Average Daily Dose (ADD) of respondents the soil (Ismail, 2011; Alloway, 1990).

Mean + SD The excessive presence of Cd in agricultural soils

Vegetable Ingestion Rate 129.46 + 58.19 enables vegetables grown on the soil to absorb more
(IR) (g/person/day) cadmium. The availability of Cd for root uptakepdfints
Cd concentration 0.13+0.082 increases as the concentration of Cd increasé®indils
in vegetables (mg/kg) which is primarily due to the application of phoaph
Body weight (kg) 67.51£15.51 fertilizers. Bioaccumulation of Cd in vegetableses a
ADD (mg/kg/day) 2.54x10% +1.27%10™ threat to the consumers.

" _ Transfer factor is another way of determining
In addition, there may be numerous other confoundin \\hether there is a probability of cadmium being

factors including cadmium bioavailability differeee  ;psorped by the plants and the results shows éaley
among vegetables, the percentage absorption d@rdiet |gyce and onion spring have such capability tsost
cadmium in a population, genetics, lifestyle, dastd cadmium concentration in soils.

antagonistic or synergistic exposures to other efes) Questionnaire results interpretation shows that the

interpretations in “normal” R-microglobulin and the yespondents do not face any adverse effects from
effect of aging that may influence the occurrende o vegetable consumption although cadmium has been

cadmium poisoning among the respondents. found in both vegetable and soil samples. Thisisbse
the adverse effects of cadmium are not immediagdnd
4. DISCUSSION said so; it requires long term assessment to iiyeatiy

. L possible changes in the health status of the refsms
This study has shown that there are no significanty,e to cadmium poisoning. More comprehensive

health risks from cadmium exposure via consumptibn  55sessment is required to assess cadmium poisoning
food crops at intensive farming zone, Cameron Higié at  3mong the respondents from various sources such as
present. However, this situation might changeiv@do the  smoking, drinking water, consumption of canned fgod
upcoming intense agricultural system. Although Qame  grain, rice and job history in order to obtain

Highlands is known to be a massive agriculturalezen  representative data for determining their heakksi
Malaysia, the intensive agricultural practices pobm

numerous questions to the health and safety of the 5. CONCLUSION
consumers as the intensive cropping cycles of ablget
are accompanied by high inputs of fertilizers arhkeio This study has determined that there were no
agro-biocides such as lime, burnt rice husk, soymea significant health risks from cadmium exposure via
compound fertilizers and chicken dung. consumption of food crops at intensively farmedaare
This situation is an evident, where half of the Cameron Highlands. However, further detailed and
vegetable samples were detected with cadmium butomprehensive research should be conducted to
within the permissible limit outlined by the Maléydood determine the exact risk that the study responderes
regulation, 1985. However, the undetectable level o facing from cadmium exposure through food chain.
cadmium in vegetables does not depict that thetablgss ~ Moreover, this detailed assessment shall be ingéusi
are safe to be consumed but there is an alarmimginga  of other cadmium exposure sources accompanied.
that more advanced equipment is required to congxaet  Interventional program such as free medical chgek-u
cadmium concentration in those samples. must also be employed to the local population to
Most of the soil samples were detected with the determine their body burden with cadmium and other
presence of cadmium more than the specified stdndar heavy metals that they possibly been exposed to
Since Malaysia not yet have any soil contaminationthrough vegetables.
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