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Abstract: Chocolate is one o f the most popular confectioneries consumed by all age groups. Among them children are the most 
attracted group o f consuming chocolates and, at the same time the most vulnerable fo r  toxic metals. Toxic metals can accumulate in 
the body even consumption o f small amount o f metals, leading to peurotoxin, carcinogenic, and brain disorders. Due to their frequent 
hand-to-mouth behavior, children can be easilyfngested by toxic metals.,,Consideringthis major risk, it is significant to asses the toxic 
metals that could be present in chocolatei' and 48 sampies were analyzedto determine the total Chromium, Nickel,
Arsenic, Cadmium, Antimony and Lead. Samplestyere stored udder room temperature and-refrigerated conditions and acid digested 
and analyzed by Inductively CoupledPlasmdMass Spectrometry(ICP-MS). Total Chromium, Nickel, Antimony and Lead were detected 
in higher concentrations in chocoiate confectionery'wrappers/and found in low concentrations in chocolates. Arsenic and Cadmium 
were not detected neither in chocolates nor wrappers. There were no significant difference bitween the concentrations in room 
temperature stored chocolates (30-31°C), and refrigerated chocolates (10-1TC), but thimigration o f toxic metals are more favorable in 
room temperature. /  /  /  fcR \  \
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1. Introduction c 2. Literature Review

“C h ocolate” is a  sw eet, con fection ery  o f  Theobroma cacao 
seed s. T h e flavour o f  chocolate' d iffers d ep en d in g  ory the ’ 
ingredients used  and the p r e p a r ^ o n r n e th o d  o f  ch oco la te . 
S in ce  ch o co la tes  are rtioref. Popular am dng children, 
m anufacturers are very concern  a b d u tth eir  com petitors in,the 
m arket. D u e to  th is reason ih ^ /c jto c b la te s  a n d ' other 
co n fectio n eries are so ld  in a  very attrsicti ve,m anner, wrapped  
in colourfu l packagin g  m a ter ia lsX T h es^ p ^ C l^ in g  mate.rials 
m ay contain  n o n -fo o d  grade substances, p r in tin g jn k s w hich  
can contain  to x ic  substances. T h e m ^ 'o ^ .d a n j ^ j t 'A ^ .t h e ^  
colourfu l p igm ents used  in packagin g  m aterials. P b C r 0 4 is i s ?  
inorganic p igm ent used  in pain ts and inks. H ow ever,-m ost o f  
the countries have prohib ited the use  o f  P b C r0 4 in food  
packages [1 1 ]. T h ese  to x ic  su bstances cou ld  have a  potency  
to  m igrate into the food . D u e to  the frequent hand-to-m outh  
behavior, ch ildren can b e  ea sily  in gested  by to x ic  m etals. 
R egular consum ption  o f  contam inated ch o co la tes results in 
accum ulation  o f  to x ic  m etals in hum an organs and m ay  
results in ser iou s health problem s. T herefore the aim  o f  this 
study w a s to  estim ate  the lev e ls  o f  to x ic  m etals present in the  
ch o co la te  con fection ery  wrappers and the d egree o f  
m igration o f  th ese  m eta ls during the storage conditions.

2.1 HeavyM etal Toxicity

T o x ic ity  o f  any m etal is  g o v e m e d  by several factors. There  
are interaction w ith  e ^ n f i a l i  m etal, form ation o f  m etal 
protein co tq p le x ek  c a l/fo r m  o f  the m etal e lem ent, 
im m une status o r i | h e  host and age and stage  o f
develop m en t o f , ,  the host. Its e lectrochem ica l character  
an d .-ox id atitp  'stdlfe, its-a b so rp tio n  and transport in body  
tissu es , fhfe stability  and so lu b ility  o f  its com poun ds in 

\ b o d y  Jflu id i, its.- base o f  excretion  and reaction w ith  
Jfunctibmng. tissu es and organ elles and w ith  essentia l
m e ta b o lite sf l] . Interaction o f  to x ic  m etals and essentia l 
m etals occur w hen m etabolism  o f  to x ic  m etals is  sim ilar  
to that o f  the  essen tia l m etal. L ead and C adm ium  interact 
w ith C alcium  in nervous system  and skeleta l system  
resp ectively . L ead rep laces the z in c  on  hem e en zym es. M etal 
protein co m p lex es are form ed due to  detox ifica tion  o f
to x ic  m etals in the body i.e . M etalloth ionin  form
co m p lex es w ith  C d, Z n, and C u [1 2 ]. M etal can  interact w ith  
protein lead in g  to  an a lloster ic  e ffec t, or w ith  D N A  or R N A  
to  stop  norm al m etab olism  or w ith  unknow n com poun ds  
lead in g  to  a  change in p h y sio lo g ic  p rocess [1]. 
C ontam ination o f  fo o d  products w ith  h eavy  m etals m ay cau se  
a  ser iou s risk for hum an health b ecau se  o f  the consum ption  
o f  ev en  a  sm all am ount o f  m etals can lead to considerab le  
concentrations in hum an body lead in g  to  b io to x ic  e ffec ts. 
T he b io to x ic  e ffe c ts  o f  h eavy m eta ls refer to the harmful 
effec ts  o f  h eavy m etals to  the b od y  w hen con su m ed  ab ove  
the b io-recom m en ded  lim its. T h e nature o f  e ffec ts  cou ld  be
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acute, chronic or sub-chronic, neurotoxin, carcinogen ic, 
m utagenic or teratogenic [10].

2.1.1 Lead and Chromium Toxicity
Lead absorbed from the food  and the atm osphere is retained  
in tissu es like lungs, liver, k idney, and bones. T he short term  
and long  term exposu re to high level o f  lead can cause brain 
dam age, paralysis, abdom inal pain, anem ia, renal d isease, 
m em ory lo ss , dam ages to k idneys, reproductive and im m une 
system s [18].

Chrom ium  can ex ist a s Cr (III) or Cr (V I). Cr (V I) form is 
high ly  tox ic .C r (V I) exposure has been know n to be  
associated  w ith cancer induction in hum ans, esp ecia lly  
bronchial carcinom a and lung cancer [1 4 ]. [11]. The 
m ech an ism ]s) o f  Cr (V l)-in d u ced  carcin ogen icity  is within  
the cell m ay result from dam age to cellu lar com ponents 
during the hexavalent to trivalent chrom ium  reduction  
process, by generation o f  free radicals, including D N A  
dam age [3 ]. T he w ater-insoluble Cr (V I) com pounds o f  
particulate form s are m ore potent carcinogens than the water- 
so lub le  o n e s  [8 ], [11],

2.1.2 Antimony and Nickel Toxicity
A ntim ony and its com pounds are w id ely  use  in m any 
industries. T he average intake o f  antim ony from food  and 
water w as estim ated to be roughly 5 p g / day [9], A ntim ony  
tox icity  can be categorized  as inhalation exposure, 
respiratory' e ffec ts , cardiovascular e ffec ts, gastrointestinal 
effec ts  and derm al e ffec ts  [1 7 ]. N ick e l, is a lso  a w ell know n  
carcinogen  to hum ans, by altering the D N A  functions. E ven  
though their D N A -d am agin g  potentials are rather w eak, they  
interfere w ith  the nu cleotid e  and base ex c is io n  repair at low , 
non toxic  concentrations. For exam ple, both w ater-soluble N i  
(II) and particulate black N iO  greatly reduced the repair o f  
D N A . N i (II) disturbed the very first step o f  nu cleotid e  
ex c is io n  repair [7].

2.2 Toxic heavy metals in chocolate w rappers and their 
migration
S a f e  food  packaging is very important. T he E U  Fram ework  

D irective  89 /109 /E E C  states that "food  contact m aterials 
shall be safe  and m ust not transfer constituents in quantities 
that cou ld  endanger human health or induce an unacceptable  
change in the foodstu ffs com position" . In the production  
p rocess o f  therm oplastic polym ers, such as polyethylene  
(P E ).p o lyp rop ylen e (P P). polystyrene (P S ), polyvinyl 
ch loride  (P V C ). p o lyeth ylen e terephtalate (PET), 
polycarbonate (P C ), aciylonitrile-butad iene-styrene (A B S )  
and polyam ide (P A ).d ifferent catalysts m ay be used w hich  
can contain  lo w  lev e ls  o f  heavy m etals. T he sources for Cd 
and Pb are im purities orig inating from inorganic pigm ents 
and stabilizers. A ntioxidants can contain N i. w h ile  thermal 
stab ilizers can contain N i. Pb and Sb [1 3 ]. T oday industries 
are using different colourfu l packaging m aterials to m ake  
their products attractive to the consum ers w ithout considering  
about the risk o f  food  contam ination. E sp ecia lly  food  
products such as cand ies that are likely to be consum ed  
frequently by sm all children are wrapped in colorful 
packages in order to induce them  to purchase the products. 
C andies and its packages that hold  heavy m etals, such as

lead, chrom ium , and copper, can be put on to  the ch ild ren 's  
hands that pose  danger [1 0 ], [1 1 ], due to their frequent hand- 
to-m outh behavior, and children are lik ely  to  b e  p o sed  by 
ingesting these heavy m etals. There is a general 
understanding that the package surface in contact w ith  the 
food  should be free o f  printing ink. that is, the package it se lf  
should form an e ffec tiv e  barrier betw een  the printed surface  
and the food , and the unintentional transfer o f  com p on en ts o f  
printing inks from the outer printed surface on to  the food  
contact surfaces should be avo ided . U se  o f  printing inks on ly  
on the outer surface o f  the package d o es not ensure that it 
w ill not contam inate the food , although the inner surface o f  
the package is coated  w ith film s such as p o lyeth y len e  or 
polypropylene [11].

3. Materials and Methodology

3.1 Sample Selection

T w o sets o f  ch oco la tes from several local m anufacturers 
w ere purchased from the market. Three ch o co la tes per  
product w ere ch o sen  random ly and those w ere con sid ered  as 
replicates. T h e  se lec ted  ch o co la tes w ere m ainly bars, slabs, 
and assortm ents w ith attractive and colourfu l packaging  
m aterials. Freshly m anufactured ch o co la tes w ere obtained  
directly  from the m anufacturers w ithout w rappers and it w as  
considered  as the control sam ple. O ne set o f  ch o co la tes  
bought from  the market w ere stored in room  tem perature (3 0 -  
31°C ) and the rem aining set o f  ch o co la tes refrigerated (1 0 -  
12°C) for tw o m onths before the analysis.

3.2 Sample preparation by acid digestion

R eference m ethods - E P A  3 0 5 2  For M icrow ave D igestion , 
and E P A  6 0 2 0 A  For IC P-M S analysis.

32.1 Digestion of chocolates
A pproxim ately 0 .2 5  g  o f  the hom ogen ized  sam p le w as  
w eighed  into the m icrow ave reaction v e sse l. 5 ml o f  69%  
nitric acid  w as added to each  v esse l and a llow ed  to  com p lete  
pre reactions fOT approxim ately 5 m inutes prior to  sea lin g  the  
v esse ls . V esse ls  w ere sea led  and p laced  in the m icrow ave  
d igestion  system  (S T A R T  D  -  M IL ST O N E ). T h e sam ples  
w ere a llow ed  to d igest at 180°C  for 15 m in. T he d igested  
solution w as diluted w ith d eion ized  water to 2 5 m l, filtered  
through ash less  filter papers and analyzed  by IC P-M S  
(A gilen t T ech n o log ies- 7 7 0 0  series).

3.2.2 Digestion of w rappers
C h ocolate wrappers w ere cut into sm all p ieces and w eighed  
approxim ately 0 .1 5  g  o f  the sam ple into the m icrow ave  
reaction vesse l. 5 ml o f  69%  nitric acid  w as added to each  
vesse l and allow ed  to com p lete  pre reactions for 
approxim ately 10 m inutes prior to sea lin g  the v esse ls . 
V esse ls  w ere sea led  and p laced  in the m icrow ave d igestion  
system . The sam ples w ere a llow ed  to d igest at 180°C  for 30  
m in. T he digested  solution  w as diluted w ith d e io n ized  water  
to 25m l. filtered through ash less filter papers and analyzed  
by IC P-M S.
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3.2.3 ICP-MS Analysis
A  w orking standard ser ies  o f  0.1 ppb - lOOppb w as prepared  
daily  by 1 ppm  m ix e lem en t standard solution  o f  Chrom ium , 
N ic k e l, A rsen ic , C adm ium , A n tim on y and Lead. A n Internal 
m ix standard so lu tion  o f  T hallium  and Yttrium  w ere used  
w ith  a  concentration o f  40p p b . D ilu tion  so lven t w as 5%  nitric 
acid . T h e se lec ted  analytical m asses and the internal 
standards are sum m arized in T ab le 1.

Table 1: M a sses and Internal Standard for se lec ted  m etals 
_______________  for IC P-M S analysis__________________

Element M ass Internal S tandard Mass
C r 53 Y 89
Ni 60 Y 89
As 75 Y 89
C d 111 Y 89
Sb 121 Y 89
Pb 208 T1 205

3.3 Calculation of final metal concentration in chocolates
and w rappers. x

,  ̂ \  I
CA = la - b l  x V /  J *

Wxiooo X  * v N  ( l ) '
CA -  Final analyte concentration t in  ppm ) 
a  - Instrum ent reading for the sam p le  / / '
b - Instrum ent reading for the! b lank /  '
V  -  Final vo lu m e o f  the sam p le  (2 5 m l) /  ' ^
W - W eigh t o f  the sam ple / _

: i\ ■<

3.4 Statistical Analysis j I \

Table 2: Sum m ery o f  m ethod valid ation  o f  ch o co la tes and
w ra ppers

Analyte
Linearity

(r2)

Inst.
Repeatability  
(RSD <5%)

(IDL) (LO Q )CH (LO Q)W R

Cr 1 2.96 0.11 ppb 0.40ppm 0.62ppm
Ni 0.9996 2.59 0.08ppb 0.37ppm lPPm
As 1 2.52 0.12ppb O.I8ppm 0.87ppm
Cd 0.9999 2.59 O.lOppb 0.30ppm 0.50ppm
Sb 0.9979 2.8 0.08ppb 0.32ppm 0.60ppm
Pb 1 2.9 0.09ppb 0.15ppm 0.50ppm

Table 3: Sum m ery o f  m ethod accuracy

Analyte Ref.
cone

Accuracy- C H Accuracy- WR
Result % Recovery Result % Recovery

Cr 20 ppb 18.7 93.5 18.88 94.3
Ni 20 ppb 18.23 91.15 18.6 93
As 20 ppb 18.73 93.65 18.85 94.25
Cd 20 ppb 18.76 93.8 18.18 90.9

. . . . Sb 20 ppb 18.59 92.95 18.6 93
P b ' '20  ppb 18.68 93.4 18.71 93.5

■ '• x
1 ‘ 4.2 L eV el^of toxic metals in chocolate confectionery 

w rappers

Total n o  o f  4 8  sam p les w ere analyzed  from  three d ifferent 
b ra id s w h ich  ate  m anufactured loca lly . Brand A  co n sist o f  
18 sam p les w h ich  inclu des 6 \  d ifferent products, brand B  

'  con sist o f  18 sam p les w h ich  inclu des 6  d ifferent products and  
' brand C con sist o f  12 sa m p le s \w h ich  in clu d es 4  different 
. products. T ab le 4  pluStrates the quantified  lev e ls  o f  the to x ic  

m etals found in  wrappers in brands A , B  and C.

T he results o f  the ch d colate  wrappers w ere statistically  
analyzed  by N on-Param etrically=j and the sign ifican t lev e ls  
w ere obtained  by K ruskal-W aJljpT est (p < 0 .0 5 ). T he results 
o f  the  ch o co la te  sam p les w erd  sla tistica lly  an a lyzed  b y  N o n - . 
Param etrically and the s ig n if ic a r f  lp vels w ere  obtained  by ... 
M ann-W hitney T est (p < 0 .05 ).T h e^ jl|n itab . version  143). W as 
used  for the statistical data a n ^ ly s i^ / f ^  -/

\  ^
4. Results and Discussion /  if }  -

•i X  s

4.1 Validation of the method I  F I  f t*  1
/

T h e procedure for the valid ation  o f  the  m ethod for th e .....
determ ination o f  the to x ic  m etals in ch o co la te  confectionery  
and their wrappers com prised  by determ ining th e  instrum ent 
d etection  lim it (ID L ), lim it o f  quantification(L O Q ), 
Instrument linearity, recovery rate and instrum ent 
repeatability. A  Sum m ary o f  the m ethod validation  and the  
m ethod accuracy o f  ch o co la tes (C H ) and wrappers (W R ) are 
sum m arized in T ab le  2  and T ab le  3 respectively .

Table 4: C oncentrations o f  to x ic  m eta ls in w rappers in brand 
. ' '  > /  A  B  and C  ____

Sa'mpfe
Ho

f  ̂  Concentration/ppm

B rand C r ‘ N i J A s C d Sb Pb
t ti /
‘A / o:'78 ND ND ND ND 0.53

2 ' > A t 0.76 “ N D ND ND ND 0.57

A  ^ ^ 0 .8 0 /  ND ND ND ND 0.54
1.90 ND ND ND 1.63 0.70

J A r.70 ND ND ND 2.23 0.71
‘i f * A - - 1.90 ND ND ND 2.41 0.74

'  A 11.70 29.50 ND ND ND 4.00
8 A 11.50 30.00 ND ND ND 3.00
9 A 11.40 31.00 ND ND ND 3.90
10 A 0.44 ND ND ND 1.50 ND
11 A 0.45 N D ND ND 1.00 N D
12 A 0.44 ND ND ND 1.00 ND
13 A 0.70 2.60 ND ND ND 1.50
14 A 0.70 2.70 ND ND ND 1.70
15 A 0.70 2.60 ND ND ND 1.50
16 A 1.20 ND ND ND ND 0.50
17 A 1.40 ND ND ND ND 0.60

18 A 1.10 ND ND ND ND 0.50
19 B 3.52 9.63 ND ND 1.27 3.50
20 B 4.18 9.00 ND ND 2.30 4.00
21 B 4.24 9.00 ND ND 3.10 4.00
22 B 3.61 7.10 ND ND 3.10 5.62
23 B 3.10 7.10 ND ND 3.00 5.60
24 B 3.30 7.50 ND ND 3.10 4.00
25 B 7.03 7.67 ND ND 27.00 4.50
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26 B 7.00 7.10 ND ND 28.00 4.50
27 B 7.01 7.10 ND ND 25.00 4.60
28 B 6.51 7.10 ND ND 7.90 3.33
29 B 6.60 8.00 ND ND 8.70 3.40
30 B 6.80 7.80 ND ND 8.80 3.50
31 B 5.52 6.65 ND ND 11.40 2.09
32 B 4.98 6.62 ND ND 11.20 1.98
33 B 5.00 6.61 ND ND 11.10 2.01
34 B 144.40 28.00 ND ND ND 4.30
35 B 141.00 32.50 ND ND ND 4.80
36 B 146.00 30.30 ND ND ND 4.40
37 C 175.00 29.00 ND ND ND 5.00
38 C 180.00 36.00 ND ND ND 5.60
39 C 186.00 33.50 ND ND ND 5.40
40 C 252.00 23.50 ND ND ND 6.01
41 C 260.00 22.00 ND ND ND 7.06
42 C 258.00 20.50 ND ND ND 6.86
43 C 388.00 32.60 ND ND ND 5.60
44 C 390.00 37.40 ND ND ND 6.30
45 C 395.00 35.40 ND ND ND 6.00
46 C 381.00 26.60 ND ND ND 4.80
47 C 385.00 25.70 ND ND ND 5.10
48 C 388.00 26.20 ND ND ND 5.00

ND- Not Detected. ppm- Parts per million.

Table 5 illustrates the average levels of toxic metals detected 
in chocolate wrappers. Arsenic (As) and Cadmium (Cd) were 
not detected in chocolate wrappers in brand A B and C. 
According to the results obtained the highest Cr, Ni and Pb 
contents were found in brand C chocolate wrappers. These 
wrappers were Blue. Green. Red. and Yellow/Gold metatized 
wrappers. Highest Sb content was found in brand B and they 
were flexible wrappers (Polyethylene and polypropylene 
films). According to the literature in the production process 
of thermoplastic polymers, such as polyethylene and 
polypropylene different catalysts may be used which can 
contain low levels of heavy metals. The sources for Cd and 
Pb are impurities originating from inorganic pigments and 
stabilizers. Antioxidants can contain Ni, while thermal 
stabilizers can contain Ni. Pb and Sb [13J.Cr is used as a 
pigment in printing inks. This Cr can be present as Cr (III) or 
Cr (VI).

According to the maximum limits in EU Directive 94/62/EC 
(amended by 2004/12/EC) on ‘‘packaging & packaging 
waste’-, the Pb levels in wrappers are below the maximum 
level of lOOppm. Limits for Ni. Sb and total Cr have not been 
developed.

The results were statistically analyzed by Non-Parametrically 
and the significant levels were obtained by Kruskal-Wallis 
Test. The results exist in a significant difference between the 
same metal concentrations, in different product wrappers 
within the same brand at a P value of< 0.05.

Table 5: Average concentration of toxic metals in wrappers
Brand C oncentralion/p vm

Cr Ni As C d Sb Pb
A 2.75 16.40 ND ND 1.63 1.40
B 28.32 11.38 ND ND 10.33 3.90
C 303.17 29.03 ND ND ND 5.73

ND- Not Detected, ppm -  parts per million

Average Concentration of Cr in 
Wrappers

A B C  
Brand Name

Figure 1: Average Concentration of Cr in wrappers

Average C oncen tration  of Ni, .As. C d, Sb. an d  Pb 
in W rap p ers

S 40

Ni/ppm As/ppm Cd/ppm Sb/ppm Pb/ppm ® c

Toxic M etals

Figure 2: Average Concentration of Ni. As. Cd. Sb. and Pb 
in brands A. B and C wrappers

43  Levels of toxic metals in chocolate confectioneries.

Brand A
Total no of 18 chocolate samples were tested from brand A. 
and it consist of 6 different products. Table 6 illustrates the 
concentrations of toxic metals found in brand A chocolates. 
As. Cd. Sb and Pb were not detected in brand A chocolates. 
Cr was detected in 6 of 18 samples, which was stored in 
room temperature, with an average of 0.4ppm. The wrappers 
of these samples were Blue coloured metalized and Black 
coloured flexible materials.

Brand B
Total no of 18 chocolate samples were tested from brand B. 
and it consist of 6 different products. Table 7 illustrates the 
concentrations of Toxic metals found in brand B chocolates. 
As. Cr. and Cd were not detected Sb was detected in 6 of 18 
samples, which was stored under room temperature, with an 
average of 1.2ppm. Pb was detected in 3 of 18 samples, 
which was stored in both room temperature and refrigerator, 
with an average of 0.2 ppm. The wrappers of these samples 
were flexible (Polypropylene) materials. According to FDA 
the maximum limits for Pb in chocolates is 0.1 ppm.Therefore 
the detected levels are slightly exceeding the maximum limits 
in 3 samples of brand B chocolates. Statistical data analysis 
shows that the P value is 0.8454 which is > 0.05.Therefore 
there is no significant difference between the median Pb 
concentration of the chocolates stored at the room 
temperature and the chocolates kept in refrigerator.
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Table 6: Concentrations of Toxic metals in brand A 
chocolates.

Cr/iopm Ni/ppm
Sample no Brand CT RT RF CT RT RF

1 A ND ND ND 0.49 0.6 ND
2 A ND ND ND 0.51 0.61 ND
3 A ND ND ND 0.49 0.6 ND
4 A ND 0.4 N D 0.96 ND 0.73
5 A ND 0.42 ND 0.89 ND 0.77
6 A ND 0.4 ND 0.9 ND 0.72
7 A ND 0.4 ND 1.8 ND 0.39
8 A ND 0.38 ND 1.8 ND 0.41
9 A ND 0.37 ND 1.82 ND 0.34
10 A ND ND ND ND ND ND
11 A ND ND ND ND ND ND
12 A ND ND ND ND ND ND
13 A ND ND ND ND 0.8 1.17
14 A ND ND ND ND 0.76 1.23
15 A ND ND ND ND 0.84 1.27
16 A ND ND ND 1.15 0.63 0.94
17 A ND ND ND 1.25 0.69 0.12
18 A ND ND ND 1.18 0.71 0.98

Nickel was found in brand A, B and C chocolates in a range 
of 0.7 -  lppm. Since the control samples exist in a higher 
concentration it can conclude that Ni migration has not taken 
place from the wrapper. According to literature, chocolate is 
one of the foods with the highest nickel content. The pure 
cocoa has Ni content up to 8.2-12 ppm in fresh wet weight 
[2]. Statistical data analysis shows that the P value is 0.2306 
which is > 0.05.Therefore there is no significant difference 
between the median Ni concentration of the chocolates kept 
at the room temperature and the chocolates kept in 
refrigerator.

Table 8: Concentrations of Toxic metals in brand C 
chocolates

CT- Control Sample, 
Refrigerator

RT- Room' Teipp^iurtC -* RF-^
/  c  v • ./ VA

Table 7:
chocolates

Concentrations of Toxic metals
/

in brand' B

Ni /ppm Sb /ppm Pb /ppm
Sample no CT RT RF CT RT RF CT RT

19 B 2 ND ND ND 1.26 ND ND ND
20 B 2.2 ND ND ND 1.23 ND ND ND
21 B 2 ND ND N D 1.28 ND ND ND
22 B 2.3 ND ND ND 1.14 ND ND ND
23 B 2.3 ND ND ND 1.18 ND ND ND
24 B 2.3 ND ND ND 1.13 ND ND ND
25 B N D 0.42 1.4 ND ND ND ND 0.36
26 B ND 0.46 1.39 ND ND ND ND 0.38
27 B ND 0.43 1.37 ND ND ND ND 0.35
28 B N D ND 0.93 ND ND ND ND ND
29 B ND ND 0.95 ND ND ND ND ND
30 B ND ND 0.98 ND ND ND ND ND
31 B 0.5 ND ND ND ND ND ND ND
32 B 0.5 ND ND ND ND ND ND ND
33 B 0.5 ND ND ND ND ND ND ND
34 B ND 1.14 0.71 ND ND ND N D ND
35 B ND 1.11 0.75 ND ND ND ND ND
36 B ND 1.09 0.74 ND ND ND ND ND

C r/ppm Ni /ppm
Sample no Brand CT RT RF CT RT RF

37 C ND ND ND 1.17 0.4 0.8
38 C ND ND ND 1.19 0.41 0.82
39 C ND ND ND 1.16 0.4 0.84

'...“--4 0 C ND 0.41 0.53 0.52 1.07 0.8
41 C ND 0.42 0.51 0.51 1.1 0.83
42 C ND 0.41 0.53 0.52 1.09 0.79

' - 43 sfZy, C ND 0.42 0.41 0.55 ND ND
- - , , 4 4 ^ C ND 0.42 0.41 0.58 ND ND

45%. C ND 0.4 0.43 0.52 ND ND
46 \ C ND ND ND 1.74 0.69 0.56
47 C ND ND ND 1.72 0.72 0.53
48 C ND ND ND 1.7 0.67 0.62

Menu concentrations of heavy metals in chocolates

■ Brand

RT BA

MB

we

RT

RF

As Cd
Heavy metals

Sb Pb

Brand C
Table 8. Illustrates the concentrations of Toxic metals found 
in brand C chocolates. Total no of 12 chocolate samples were 
tested, and it consist of 4 different products. As, Cd, Sb and 
Pb were not detected, Cr was detected in 6 of 12 samples, 
which was stored in room temperature and refrigerator, with 
an average of 0.4lppm and 0.47ppm respectively. The 
wrappers o f these samples were Red and Green coloured 
metalized materials and the detected average Cr level in 
wrappers was 300ppm. The migration is allowed when the 
wrappers are closely adheres to the chocolate. The obtained 
P value for Cr was > 0.05. Therefore there is no significant 
difference between the median Cr concentration of 
chocolates stored at the room temperature and refrigerator.

CT- Control Sample, RT- Room Temperature, RF- 
Refrigerator

Figure 3: Graphical representation of mean concentrations of 
toxic metals found in chocolates of brand A, B and C kept in 
room temperature and refrigerator.

5. Conclusion and Future Work

On the basis of the analyzed results it can be concluded that 
Cr, Ni, Sb and Pb were detected at higher concentrations in 
chocolate confectionery wrappers used by the local 
manufacturers. As and Cd were not detected neither in 
chocolates nor wrappers. Cr was detected from 2-300ppm in 
all 48 packages, Ni was detected from 2-30ppm in 36 of 48 
packages, Sb was detected from l-28ppm in 21 of 48 
packages and Pb was detected from 0.5ppm-6ppm in 45 of 
48 packages. The metal content was generally found to be
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