CHAPTER 7 T

RESULTS AND DISCUSSION: HEAVY METALS CONTENT I%

FRUITS SAMPLES A

Eight heavy metals contents including, Al, Ni, As, C Fe, b and, Sn were
es

7.1 Introduction

determined in the examined date fruit samples using tio crlbed in

section 3.8.4. using graphite furnace atomic absorpti ectrometer ( A'ASL}

A

<

7.2 Optimization of Digestion Method w\ ?T

The digestion method was optl\zwardmg

d estibﬂnixture, time and

temperature. AN
e, S
6 ",
&
7.2.1  Optimization of HN 02 D| estion Time

S '3

time was carried ou S des beddrrsection 3.8.5 depending on the physical appearance

The optlmlzatlor(of th%igestio mixture @\IOg/HzOz) ratio and digestion

of the date matri clear

\ | G
From t?‘(q.& ts if Tab P 4 te-g;’dear colorless solution which indicates the

digestio |0n)¢v Sa |e ed@n the mixture ration of HNO3s/H20> was 15:20

(V/V). digestion reagents us?_djx chosen based on the sample matrix and the metals

alyzed (Mohammed et aI 2017). The most commonly used acid for oxidation
;ég

anic matrices is nitric acid. When combined with other oxidizing agents, such as

erogen peroxide, its oxidizing strength can be increased. As a result, different ratios

of HNOs and H202 were optimized. HNOz: H20: (15:20) mixture ratio was found
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enough for complete date matrix mineralization. Changing of mixture ratio to 20:20 and
25:20 did not influence the digestion efficiency of date fruits sample regardwme

obtaining a colorless solution. \

Table 7.1: Data of Optimization of HNOs/H2O> Ratioand Digestion Ti Pregardlng
Solution Color at 110°C

30 mL HNOs/ Digestion time (minN
H20:2 ratio (v/v),
110°C 30 45 T 90
15:10 Yellow Pale yellow P w Pale yellow
15:15 Yellow Pale yellow yello ale yellow
15:20 Yellow Pale yellow I\Mar?]orless
15:25 Yellow Pale yellow ar col rIess 'Clee.l:, olorless

Y.

\ Y.

in Sectio écﬁS\depending on
O

7.2.2  Optimization of Digestion Temp ratu

Digestion temperature was opti %ﬁescrlb

recovery % of four elements namely M 1 T (Sub.R 615 °C), and Pb (M.P
327.46 °C) and Sn (M.P 231.93 ° oﬂlng €su Its fahjlated in Table 7.2, the
highest recovery for As and Pb so, C was chosen as digestion

temperature as they most ensi g s for temperature. Digestion

L@é igestion efficiency. The boiling

the a@ determine the digestion temperatures

temperature is esse |aI fa

points of the aC|d the % I

of open aC|d n :l stéms manﬁm(?ij et al., 2004). The average Kinetic energy
of an a es vx;t te er tu@sulting in more collisions between the acid and
the b ic sample enhanC| tal dissolution (Berghof products and instruments

The boiling point of the aC|d or acids used also limits the digestion process. The
tvolatlle acid boil away first in multi-acid digestion, followed by the next most
atlle (Kingston & Jassie,1986). High digestion temperatures lead to the loss of

volatilized elements (Mohammed et al., 2014). However, the digestion time, which
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governs how long the matrix is exposed to the oxidizing acid, is another important

factor. Exothermic processes can be accelerated by increasing exposure timew

increases the degree of solubilization of the target metals from the matrix @s the

loss of these metals through volatilization (Gavriloaiei 2008). The usu&f* for a wet

digestion by open vessel digestion is ranging from one to two hoursWding on the

experimental conditions (Kingston & Jassie 1986). As a r uthing the most
.

efficient digestion temperature and time to achieve the bes re?very is critical.

Table 7.2: Data of Optimization Digestion Temperat or F'e Sn, nd F@_

Time min °C Recove ! o)
Fe Sn As , ‘@
4

70 79.87+1.36 84.31+ 5.6 85. . 68‘52‘1 2.83
100 84.39+1.11 79.564,1.64 .K65 09 +2.46
110 97.40£1.45 100.88 + 4. i .84 9.67+ 3.40
120 102+2.72 97- %6 A4+] 126 89.34 +1.99
130 104.98 + 3.42 9.87£71.56 1,10 86.60 + 1.59

@ ‘)'/c;\\

7.2.3 DeterminationofHeK etals’ Detect n'timﬁ'%nd Quantification Limit

>

Based on the standar on of the rgsponse and the slope of calibration curve,

(
limit of detection (LOI%express as: x‘ﬁtznq d deviation of low concentration
/ slope of the caIKNzurvel me %apéfation (LOQ) was expressed as: 10 x
standard devi of low co
vnifw\ )

Table.7.3. Qnd calibration cur@of the examined elements are attached in
[ @JﬁLre@
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Table 7.3: Regression Equations and LOD & LOQ of the Examined Heavy Metals

Element Regression equation R? SD (LOD) ppb (L b
Al Abs =0.00057 x C +0.09177  0.9987 0.0078 41.00 136,80
Ni Abs =0.00196 x C + 0.01824  0.9999 0.0003 0.46 %0
As Abs =0.00564 x C + 0.46046  0.9993 0.0011 2.11 A .50
Cd Abs =0.05386 x C +0.18682  0.9682 0.0230 1.28 4.27
Cu Abs =0.00470 x C + 0.05747  0.9986 0.0003 0.1? 0.64
Fe Abs =0.05369 x C +0.01672  0.9960 0.0002 01 0.019
Pb Abs =0.00251 x C +0.03175  0.9969 0.0072 28.70
Sn Abs =0.00226 x C + 0.00539  0.9992 0.0006 .796 2.65

The calibration curve equations, LOD, LOQ and

sensitivity and suitability of the method for determi

in date fruit matrix especially for Ni, Cu, Fe, S

{

7.3 Recovery Study

oL

att WO C ce‘ntr

The recovery study on hea

S

Results in Table 7.4 vaIues

e %ed in Section 3.4.6.

s for each element. All

analyzed heavy metals at hIT C tratl ere recovered in acceptable
range from 80.5 -114.% SDs Jﬁ%m&Z -9.55 %.
\ &

Table 7.4: Data o & Metdl RecCayveries a&gd/o Different Concentrations (Mean +

a
D; =

SD;
P, o oy (5/
Concenl% IC(?:C t?)t ioajb Recovery % Relative STD
Element 2
Ad&o’und‘o ,A ffd ;@d Recovery (1)  Recovery (2) RS(lD)% RS(;))%

Ni 3 19.50 100 \‘I 0.07 97.5+4.43 110.07 £ 1.70 4.55 151
Cd 2.29 10 \Lj 11.45 11456 +55 11453 +3.78 4.85 3.30
Cu \O 16.97 100 106.89  84.86 £5.17 106.88 +4.24 6.09 3.97
snézo 19.80 100 105.33  98.99+8.71 105.33+4.41 8.80 4.19
100 101.34 400 41054 101.34+0.54 102.63+1.42 0.54 1.39

20 17.90 100 109.79  89.49+855 109.79 + 2.46 9.55 2.24

Fe 1 0.95 5 5.14 94.8 +£0.40 102.76 £ 1.95 0.42 1.90
As 5 4.02 100 91.11 80.47 £5.30 91.11£2.60 6.58 2.85
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Table 7.5: Heavy Metals Contents in Date Flesh (ug/g) Frei@eight

Sample

No. . Ni Cd As Cu Sn T Al Pb Fe
variety a )
1 Ajwa 093240293  0.024:0.012  0.820£0.089  8.618+1.630  0.13 7510£1.125  2.256+.428  11.670+2.890
2 DegletNour  1.111+0.393 ND 0.921+0.034  9.767+2.355 006 9.935:1.130  1.226+0.771  12.630% 3.323
3 Frad 0.971+0.241 ND 111040173  1.817+0.212 o_o Z 05£0.653  0270£0.18  22.95+1.039
4  Khalas-lhsa  1.102+0.134 ND 118140172  6.324+0.769 , O. 14.201£216  0.230:0017  40.300£ 3.294
5  Khasouei 0.963+0.344 ND 1.184+0.096 8.78210.47%@220+ 036 | 5@3+1 319 0.224+0.087  30.000 +1.826
6  Khudri 1600:0.814  0033:0.010  1046:0.066  5.281+2.610 %, 0.180:0.020 86221380  0395:0.107  38.733:2.264
7 Lamry 0.563+0.044 ND 112640113 8.624+0.4 0 \S 723+2.877  0.205:0.035  29.417+7.786
8  Lulu 1389:0.281  0011x0.003  0.9790.005  9.969¢2462 . 3ﬁ%\ 4.969+1.158  1.350+0.073  29.500+ 2.955
9  Mabroom 1.013+0.381 ND 1.001£0.082 6. ;‘Doe 6.650+ 1.470  0.290+0.25  27.533+1.623
10 Mariami 1.366+0.383 ND 0.905+0.068 h. : 076 898045663  0.156+0.051  8.960+0.289
11 Mashrook 0.74620.121  0.047+0.006  0.984+0.360 : 10.% ; %0.012 6.713+3.110  0.335:0.063  49.90+ 2.955
12 Medjool 1.533+0.587 ND 0.969+0.177 %9% 225 4 0268:0010  8084:2210  0123:0021  19.617+1703
13 (Np??riﬂff 2.575+0.780 ND 1.091:0. 02%\_ I 0.940 N 230£0.017  9.308+2.818  0.242+0.017  28.217+1559
14  Palamdates  1.044+0.506 ND 1. 127+(q§ g}? 7670 0.220£0.010  5.821+2.632  0.269+0.030  32.333+5.080
15  Rabi 0.721+0.148  0.006+0.0004  1.181+0.0 % 0.233+0.012 5.526+3073  0.256£0.087  21.57+ 9.545
16  Roshdi 1.028+0.127  0.046+0.017 & 68 | 981+ 0.217+0.060  7.097+2.106  0.451#0.049  26.566 +3.290
17 Safawi-1 1.402+1.179 ND 14 427 0.220+0.026  5.727+0.534  0.192+0.066  29.400+5.109
18 Safawi-2 1.049+0.953 0.024+0 007 +o 90 75 4890 0.20740.015 6.263+3.167  0.321+.002  45.083%6.141
19 Zzahdi-1 2.145+0.668 74+ 08 +2, 440 0.160£0.010  4.779+0.243  0.181:0.038  16.366+8.740
20 Zahdi. -2 1.573+0.958 ND ‘4(,1 007% A473+0.255  0.200+0.046  6.919+2.92  0.496+0.009  22.450+1.611
Average 1258:0443  0.009 + 0003y 1 048+0 103.5577.394+1.253  0.188+0.027 7.238+2121  0.439+0.116  27.160+3.740
Permitted Level (PL) N
(FAO/WHO, 2004) Q% 0.1-5 15
M9/ 9)
Malaysian PL (ug/ g) Q 10 20

Mohammed et al., (2017)




The statical analysis of the examined metals in flesh samples Table 7.6 shows that
all the correlation coefficients of the elements are negative and statw
insignificant, except for the Cu with Ni, Sn with As, and Fe with As, Sn, l@h are
positive and statistically significant (p < 0.05). The heavy meta ith positive
significant correlation are expected to be related to the same source of contamination

such as soil and water contamination (Zinkut¢, et al., 2011). \'

Table 7.6: Correlation Analysis of Element among t of Pate Fruit
Ni Cd As Cu  Sn | MFe
Ni 1 g}z
cd -0158 1 % | { =
As 0234 -0035 1 4 \,‘T
Cu 0340" -0438 -0338 1 ? o, \ &
sn  -0.152 0078 0.787" - N 1 9 é\
Al 0062 -0.112 -0.380x -0.06 &
Pb 0020 -0.656 0207 -0%d2 % 1
Fe -0.385 0.060 0.61€—)o.503 0587 0/380" -0.125 1
S
6 ",
% &

b=
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Table 7.7: Data of Heavy Metals Contents in Date Dust ug/ %gaweight

Sample

varicty Ni cd As Ccu sn Y’ Al Pb Fe
Ajwa 0.134+0.015 ND 0.057+0.011  0.036+0.005 o.omo.\o&\’ 3.711+0.908  0.007+0.001  4.709+1.149
Deglet Nour 0.136+.0320 ND 0.071#0.009  0.042x0.008 ~ 0.011%0.002 07360260  0.013:0.004  2.428+0.968
Frad 0.173+0.021 0.016+0.004  0.088+0.010  0.056+0.006 +o 0 4 285+0.651  0.042:0.024  2.341+1353
Khasouei 0.059+0.011 0.006+0.003 0.066+0.009  0.097+0.032 3+0.0 2 +1.060  0.053+0.017  4.654+0.433
Khudri 0.1440.012 ND 0.051+0.004  0.039+0.006 ﬂ(g%ém 000 2{.525+o 423 0.006+0.002  1.902+0.465
Lamry 0.119+0.019 ND 0.076+0.022  0.036+0. 008 + .027+0.717  0.005+0.001  1.718+0.543
Lulu 0.166+0.012  0.0035+0.0001  0.065+0.017  0.072+0 N 0 o°\4+ oo 2.072#0501  0.027+0.010  4.868+1.289
Mabroom 0.084+0.022  0.0021+0.001  0.054+0.011 0. 036%%? 0.008%0.002  2.142+1.306  0.013+0.007  2.492+0.442
Mariami 0.133+0.028  0.0032+0.001  0.0645+0.013 0. 04 ooe%& 0;601 2.721+1.534  0.015+0.002  3.107+1.015
Mashrook 0.207+0.021 0.023+0.01 0.140+0.017 Q%O 2@ 008  8.232+3.977  0.353+0.351  11.148+7.562
Medjool 0.135+0.035 ND 0.073+0.006 @Tj Q’Lmo 003  3.012+0.576  0.008+0.001 3.02+0.161
(Nporrg‘r?]if)s 0.099+0.032  0.0025+0.0009 0.07110.00(,3 I 16+0 002  2.002+0.475  0.025+0.011  2.309+0.539
Palm dates 0.16620.036 0.006+0.002 0.091+0 0\ Q % 0 016+0.002  3.112+2.189  0.036+0.014  2.075+0.381
Rabi ND 0.005+0.001 0. 058 0.024+0.001  3.284+0.582  0.053+0.032  2.813+1.157
Roshdi 0.100£0.029  0.0026+0.0019 %@f : 0.047+0.011  5.956+2.250  0.045+0.011  3.633+3.328
Safawi-1 0.039+0.008  0.0017+0.0008 . 0 3 014  0.013+0.001  1.719+1.036  0.011+0.002  0.941+0.146
Safawi-2 ND 0.013+0.003 %'633 *‘o 17+0.023  0.028:0.004  5550£0.692  0.108+0.003  7.966+2.132
Zahdi -1 0.128+0.025  0.0014+0.0005 ‘%oesm 006 ~étb7+o 006  0.014+0.004  0.182+0.002 0.012+.002 3.367+2.394
Zahdi- 2 0.149+0.033  0.004+0. oo 0.082+0.007  0.064+0.013  0.014+0.002  3.873+1.110  0.022+0.007  3.520+1.131
Average 0.116+0.021 0.019+0.002  3.150+1.068  0.045+0.034  3.632+1.399

0.0048‘3 0.073+0.011  0.071+0.021



Table 7.8 shows that all correlation coefficients of the elements in the date fruits
dust are positive and statistically significant (p > 0.05) except for Cd with Ni,
As, Sn with Cu, Fe with Al, and Pb with Fe which are negative vaI(e%M not

statistically significant (p > 0.05). This may be because all heavy m in dust are

mostly related to air contamination (Zinkut¢ et al., 2011). ?

Table 7.8: Correlation Analysis of Element among t of Dates
Ni Cd As Cu Sn A y Fe Pb
Ni 1 ]
Cd  0.125 1 \d
As  0.654" 0549 1 ‘' X
Cu 0.675° 0.685" 0.166 1 ' C}
Sn  0.727° 0.558" 0.608° 0.153 S\

Al 0857° 0673° 0611 0.717" K 4 \/‘T
Fe 0.766° 0.675° 0658 0.651" \0.826% 0.3
Pb 0.863° 0.767° 0.761 o& .7%\&143* 820 1

7.4 Risk Assessment of Heavy hD '

Table 7.9 showed the estima tany Intake&and haﬁ%d quotient (HQ) for the

9 Q
investigated metals namely, CM i, Al , Cu anﬁ?n in all the 20 samples built
N

on the mean concentrac' n. ie result# sho d,th@e of EDI (ug/kg bw day) and
of t

hazard quotients (H tes ebkté Ier'r: fifewere as the following : Cd 0.0128

l

pa/kg bw/day ( 0.0128), Pb 0463 ug@ w/day, (HQ = 0.18), Ni 1.497 ng/kg

bw/day and @g/ biv/ QHQ !»e) 623), As 1.5 pg/kg bw/ day (HQ = 0.699)
! O

Fe 64.4%&;(& /d?/ 081 u 7.83 pg/kg bw/ day (HQ = 0.016 ) and Sn
g

0.029 w/ day (HQ = 1.05’;\%.). However, the calculated health hazard quotients
( for all elements are Iess}an one (<1) and EDIs of the investigated heavy metals

not exceeded the JECFA values shown in Table 7.8 which indicated that no health
Qk associated with consumption of the examined date fruits. Taking into account the

guantities to heavy metals from other daily food and drinks, health risk should be
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expected especially for children. Infants and children are particularly susceptible to the
health hazards (acute, subacute, and chronic) of chemicals. Children ar?ﬂe
vulnerable to chemical hazards in food than adults because they consume mor. per
kilogram of body weight. Infants consume twice as much food as adultsﬁ*git of body
weight. Furthermore, organs and tissues that are in the developir&t?ge are more
susceptible to the poisonousness of chemicals. Lead and mercu% thoughtful harm

to the developing brains of fetuses and early childh dinP to a loss of

knowledgeable potential, while mature exposure has ubstantial~effécts on their
"X
intelligence (Vracko et al., 2007). [ _\C}

Table 7.9: Risk Assessment of Heavy Metals ted~from ean~Gontents of
Every Element

/
Y

|
Element  ED-M! (Hg /100 %l ( _E%Sﬁ HQ
mg/day) (no/k dayk . (EDI/PTDI)
%Okgb ; y
Cd 0.90 E 0 3f"y cgb 0.0128

Pb 43.90

0. % 5 0.180
Ni 10490 AN %} A‘mz.o 0.124
Al 626.30 | 143 0.0623
As 104, Y' ' 15 2.14 0.699
Fe 450 6ado | <O 800 0.081
Cu 548.10 & 500 0.016

& o
Sn 0 ,\\ 0.03 <\ 2000 1.5%F5
Note: ED.ml (ug mg/day)'is esti ated@ﬁ/ intake per (100g) meal, EDI (pg/kg/
ted dail

bw day) is Esti r (70@;bw), (PTDI) Provisional Tolerable Daily
Intake (pg/kg ) ? )

7.5 S on
&
\A ugh harmful and toXicity of heavy metals on plants are well- known, very

known about heavy metals, on/in date fruits although dates are highly disposed

Oweavy metal contamination. Thus, to the best of our knowledge this is one of the few

studies in Malaysia investigating more deeply the presence of several heavy metals
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on/in date palm fruits and the ability of washing on removing the deposited heavy

metals on date fruits. Yv
The mean concentration of heavy metals in date flesh is shown in T@ The

recorded values are similar with global values and appeared to be desfekgg ordered
as Fe> Al> Cu> As>Ni> Pb> Sn> Cd.

The average concentration of Fe was (27.16 g /g). The highestfe concentration
was recorded in Mushroom sample from KSA (49.90 pg/ %.I?west was found

in Mariami sample from UAE (8.96 pg/g). In general“tgtal Fejco tlon |n all

samples were greater in flesh than dust as Fe is esse etal. Iro }ev roles

ro% pro@* tructure,
issey, &,@Enot., 2009).

Total Fe concentrations in flesh were |;|catly differ bet@! samples.

Aluminum (Al) is known t(@fe brﬁa e, '&dlsease and anemia
% o \

in plants, often related to Fe?*, Fe3* ions, such

enzymes involved in nitrogen and sulphur

(Williams & Pillay., 2005). T entr as found in Khalas-lhsa

\n <o
sample from KSA (14.20 , and t’ W @Atlon was observed in Zahid
f(

(4.779 pg /g) from UA% erage
palm previously. In &Qtianit; as |n gated by Awadallah et al., (1999). It
was found that al anﬁj&ﬁed from 33.32 - 43.92 ppm, depending

on the sam cal a Js rQJ od In the study carried out on Omani date
e

7. 38lug@. Al has been studied in the date

palms rs co he Ieﬁ\ts and surrounding soil, as well as the date fruits

(W| et aI 2005). It was fo@vd that concentration levels of all examined metals in
t%%palm flesh were generally, safe and within literature guidelines. An exception
Al in dates in the Kimri stage. The upper limit of 166 pg /g was higher than the

&terature value of 140 ug/g). Salama et al., (2019) reported Al mean concentration of
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5.58 mg/kg in study carried out on seven varieties of date fruits collected from different
sites of KSA by applying ICP-OES analysis technique. T

Nickel (Ni) is toxic and carcinogenic (Pulford and Flowers, 2006). (%\rage
of Ni concentration was 1.258 pg /g, the highest Ni concentration recMMZ.S?S Mg
/g) was in Nomades Promel sample from Tunisia and the lowest congéntration was in
Rabi sample from Iran (0.721 pg /g). Ni concentration in all samplesWwere in acceptable

range and lower than the concentration reported in previ t |es.' Several studies

have been conducted on Ni in the date palm. In 1999, s fo dwtian dates
X
fruitg of Saud (@alms

inw\a's tes fr\/ﬁt— samples
75 ug@bV{/.'Taha, & Al

at a concentration of 0.4 ppm (Awadallah et al.,199

0.28-3.89 pg /g (Al-Shayeb, 1995). More rec

from the type Segae from KSA were found i

Ghtani. (2015). Lead (Pb) is a non-es %@evy meta und@ﬁes many harmful
health effects such as neurotoxicitﬁ%nephro \|ch ( @et al., 2020). In this

N
study, the average concentration%lesh Q/as 043 ug(/gi?ne highest concentration
was detected in Ajwa sampliih\(SAI( ; /g)@ (1.35 pg/g) and Deglet Nour
centra
&

(1.22 pg/g) while the I% entration f u‘gb iﬂbedjool sample from UAE (0.123
4
pa/g). Lead contents‘in the Ilterrll \hw beegported in the range of 0.84-2.26 mg/kg

dry weight in d&ﬂe fro 'Idjaiaé’él., 2011; Kamal et al., 2015)
i aﬁine_gjcaic for humans (Pulford and Flowers., 2006).

Arsem: S)ls atoxic an

\
The ave% centration ‘,arseniém the examined dates samples was (1.048 pg/g),
the mg& concentration was a@d in Khasouei sample from UAE (1.184 pg/g), while

‘%\mple from KSA exhibited the lowest concentration of (0.820 pg /g). Waheed et
220

G 04) reported arsenic concentration of 1.6 pg/g in date fruit samples using neutron
ctivation analysis and was considered safe. Salama et al., (2019) reported mean

concentration of arsenic of 0.171 pg/g.
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Regarding environmental impact, cadmium (Cd) is ranked as one of the most
hazardous substances. The average concentration of Cd was 0.009 pg/g, the h|g
concentrations was found in Mashrook from KSA (0.047 ug/g) while it m@kcted
in 13 samples namely, Deglet Nour, Frad, Khalas-Ihsa, Khasouei, L abroom,
Mariami, Medjool, Nomades (Promel), Palam dates, Safawi-1, Zamnd Zahdi-2.
The source of Cd in plants is usually phosphate fertilizers which contain ionic Cd as a
contaminant, and sewage sludge which is used for soil kr.nert (Baird.,1999;
Ward., 2000). There have been several studies reported Cein the aw,ﬁ\ Turkish
(Aksay a Oitl&ﬁ&gﬁ).
on Q' su(&'soil and

mvesn@wd by Marzec
t|on@<§wnh|n the limits

group investigated the date palm as a bio monitor

They found a good correlation between the co

in washed leaflets. A year later, the contemw
and Bulinski., (1997). It was conclud Cd conc

specified by relevant legal standar other st ?le '?‘ln 1999, on Egyptian
\
dates, Cd was found in concenl‘%f 15% 24 cppb rding to the sample and

analysis method (Awadall t al'y19 stud rled out by (Mofida, 2002),

Cd was reported at an ncentItlo f g, 6®g/kg fresh weight in Saudi dates.
P|II

In the same year, thw curr'

(Basir and Rut ar ptlo Cd levels were below 50 ng/g, but that

al., (2002), reported that fresh dates

levels of thli met Wer CJUS(J concern earlier in the fruit growing season

at the e when c ?entrasé\s of 225 ng/g were reported. In a study carried
out Wheed et al., (2004)®Paklstan using atomic absorption spectroscopy, Cd
a Ievel in mature dates was 27 + 2.8 ng/g. Recently, a Saudi study concluded
& Cd levels in dates from around Riyadh were within recommended safe limits
Aldjain et al., 2011). Salama et al., (2019) reported similar mean cadmium
concentration of 0.09 mg/kg in dates from KSA which ten times higher than our
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findings. The concentrations of Cd in all examined samples in current study are

considering in acceptable range. Yv

The average Cu concentration in washed samples was 7.394 pg/g. v@ghest

concentration was found in Zahid sample from UAE (10.473 ug/g),sthe lowest
concentration was found in Fard sample from UAE (1.817 pg/g). chings agree
with the previous studies on date fruits from middle east. Th Ne of Cu in date
fruits was reported in many studies; Yousif et al., (1982) i Xn.d 'he study carried
out by Hassan et al., (2017). However, high intake levels u can awrotoxicity

known as Wilson's disease (Banum, 1982). Mining,

L
processing, pige @sion,
u% pol.@aan in the
on ui p indu%tevs: petroleum
refining, wood preservation and fertili@wermore, er c@ ination of water
and agricultural products is often ca y fungi %&ay a@animal waste (Thakur

N
& Parmar, 2013), % a A 48?

The average concentr. 'hTir]( I xami&%samples was 0.188 ug/g, the
highest concentration @;) was fou “M R«@'sample from Iran while Deglet-
’ &

Nour showed the | Woncer .08?&@). Low levels of inorganic Tin (Sn)
'%n \:ﬁ

printed circuits, and metallurgical processes a

environment (Thakur & Parmar, 2013). W

can cause fatigug\ SSiony 'protﬂgﬁlow adrenals, breath shortness, asthma,
headaches, %mni wr':%lﬂgr@ Is can cause skin rashes, stomach problems,
vomitin % diarrthe ibdo .\I pain, and headaches. The toxic effects of
orgm&such as triphenyl @:I‘z;T) tributyltin (TBT). tributyltin oxide (TBTO),
% | tin acetate (TPTA), trimethyl tin (TMT), triethyl tin (TET) are skin and eye
irrftation, Respiratory damage, lesion, gastrointestinal irritation, and Neurological

Qects (Cima, 2011).
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Table.7.6 shows that all the correlation coefficients of the elements in date flesh
are negative and statistically insignificant, except for the Cu with Ni, Sn with w
Fe with As, Sn, Al, which are positive and statistically significant P (‘_@v The
correlation between Cu and Ni may refer to the fact that both elementﬂk'wcluded in

fertilizers and paper products (Thakur & Parmar, 2013). The correlatigh of Fe, As, Sn

and Al may attribute by the soil contents and water contamina;ioweavy metals.

The mean concentrations of the selected metals in ar' given in Table

7.7. In date dust, the Fe total concentration was highest 1 shro ng/kg) and
L
o . Y
lowest in Safawi (0.941 pg/g). Total Fe concen s in @ust d' fl were
significantly different between samples. 4 \Y
shroo&:nple (8.232
.18@9). The average

concentration in flesh (1.258 ug/g(% highes\nc?n tj@\for Ni was found in
A N
Mashrook sample (O.207ug/g)%w

The highest concentration of Al in dw\vwa;:ou

Hg/g) and the lowest concentration 0 in Zahi

e Ioﬂ/est neentration was in Safawi sample

from different sources (0.0@Whl was, not @ed in two samples (Rabi and
r b i

Safawi). The average% ation dhst@s (0.045 ug/g).). The highest
4

:
concentration Was&gd in Sf\ I .10@and the lowest concentration found
in Lamry sample, (0. pg/ {Q
¢ YIS,

congentrati n‘Bf ér.s?nic (As) was (0.073 pg/g), the highest
NN

The Eﬁ
concent% s found.i shrosé\sample (0.140 pg/g) while Khudri and Mabroom

samﬂ&hibited the lowest c@(\trations of (0.051 and 0.054 ug/qg) respectively. The

a X concentration of cadmium (Cd) was (0.0048 ng/g), the highest Cd

oneentrations was found in Safawi (0.013 pg/g) while it was not detected in six

amples namely, Ajwa, Deglet Nour, Medjool, Khudri and Lamry.
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The average concentration of cupper (Cu) was (0.071 pg/g). The highest
concentration was found in Mashrook sample (0.157 pg/g), while thew
concentration was found in both Lamry and Mabroom samples (0.036 HQ/Q}

The average concentration of tin (Sn) was (0.0194 pug/g), highest
concentration (0.052 pg/g) was found in Mashrook sample,YcTthe lowest
concentration (0.008 pg/g) was found in Mabroom sample. \’

There was strong correlation (Table7.8) between al m metals in dust
samples. The possible explanation for the observation 1 t all of w related to

X
exposed to air contamination that caused by vehic%&l-cad u ttirig@.ldge,

commercial fertilizers and packing materials (Zi e, et al., 20 dav.@ﬁ, 2021).

resi.@wsz;nd flesh of

Besides presence of heavy metals such as R an,Cd i

«©«

date fruits was reported previously in studies (Aldjat al.@’l; Mohebi, 2011,
Marzouka & Kassemb, 2011 and Su@sn., 201}7@\%&9 s,@rt, the release of heavy

N
metals from oil industries, mini vehicles may Iea@ the deposition of these

metals on the surface of fruits andvegetables. \A<Q
The results of ri%ﬁnt ‘("lable ‘gj w@% was calculated from means of
metal concentratio NQate fr m es S@ that all metals concentrations are

lower than prowi tole y inlcﬂ)a’/(PTDl) published by Joint FAO/WHO

¢

Expert Com %on Feod A iti&esQJE FA (2011). The HQ less than 1 for all the

% NN

examin a metﬂMted t@the consumption of these dates does not cause
X

heams for the consumer@éwever, it is important to note that this study only
%&j one kind of foods and additional studies are needed to verify if the HQ for

[ab)

ach of the heavy metals will remain below 1, when the concentration of those metals
other foodstuffs and drinks are involved in the risk calculations. The HQ for arsenic,

lead and cadmium were 0.699, 0.18 and 0.0128 respectively, which indicates the
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possibility that exposure to those heavy metals could be a cause for concern for the
consumers when the intake of this toxic element from other foodstuffs and driYm
considered. In fact, results are similar with that reported by Salama et a@ﬁ) on
heavy metal contents and health risk assessment in seven varieties daFkgaIm fruits
collected from different sites of KSA using ICP-OES. The calculated hé@zard risk index
expected that both As and Pb can pose potential health risk %Ners. However,

the study showed that Pb contributed greater health risks mption compared to

arsenic (Salama et al., 2019). \d
“aX

é | &
7.6 Conclusion b 4 \,Y'

A method for digestion and determinaw igh etals@(; fruits flesh

dev@ed and optimized

a@d out at two different

and the adhered dust (Fe, Al, Ni, Pb, , Ctand Sn)

using GFAAS spectrophotometer. covery \mWas

concentrations for each elem%l anglyze avx(}@als at low and high

concentration were recover, \ce range fr 0.5 to 114.5 % with RSDs
1

in
ranging from 0.42to 9 ich ind
4

ate ; §ui&®ility of the developed method.

me@date flesh are similar with global

The mean co tration|o
values and appe]\ﬁd ing in o@éﬁ'Fp Al> Cu>As>Ni> Pb> Sn> Cd. The
average con wn of e‘w (2?'.1%(?.74 pg/g) in flesh and 3.632 + 1.399 ug/g in
-

NN
dust. Tr% e conentr ?n ofﬁ& flesh was 7.238 + 2.121 pg/g and 3.150 + 1.068
pg/ average concentrati @f Ni in flesh was (1.258 + 0.443 ug/g) while in dust,

i x)und (0.611+ 0.021 pg/g). The average concentration Pb in flesh was 0.439 +

ﬁ Mg/g while in dust, it was (0.045 + 0.034 ug/g). The average concentration of As

the examined date flesh samples was (1.048 £+ 0.103 ug/g) while in dust was (0.073

+ 0.011 pg/g). The average concentration of Cd in date flesh was (0.009 + 0.003ug/g)
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while in dust it was (0.0048 + 0.002 ug/g). The average (Cu) concentration in washed
samples was (7.394 + 1.1253 pg/g) while in dust it was (0.071+ 0.021 ug/w
average concentration of Sn in flesh was (0.188 + 0.027 pg/g). while at%\ was

0.0194 £ 0.002 pg/g. A

The statistical analysis showed that all correlation coefficientsmelements in

date flesh are negative and statistically insignificant, except for the ith Ni, Sn with

ignificant P <0.05. The

h ele eWcluded in
"X
fertilizers and paper products (Mukesh and Loke%kur., 13 h} @ation
W,

of Fe, As, Sn and Al may attribute to soil cont % inat@ﬁ)y heavy

As, and Fe with As, Sn, Al, which are positive and statistic

correlation between Cu and Ni may refer to the fact tha

metals. There was strong correlation betww st meta dust samples

that may be because all of them are n\%aair contamipation @ehicles that used

gasoline fuel, nickel-cadmium b tfrj) sludge, er
N
o ¥,

materials (Ishchenko & Vasylki%ZOZ 9 (g
The risk assessment m flnﬂﬁ{s @avy metals concentrations in
date fruit samples sho% all HQs are ov(/elshn PTD1 published by (JECFA)

4 $ &
(2011). However, t Q Ies@ all %examined heavy metals indicated that

the consumptiow e da otc ealth risks for the consumers. The HQ
¢

for arsenic, &@i cadmium er{ 0.@%?0.18 and 0.0128 respectively, indicates the

. N
posmbﬂ% xpogUre_tofthose h%/y metals could be a cause for concern for the

con when the intake oft\t175~‘toxic elements from other foodstuffs and drinks are

c N!ed.

S

a,l(%rtilizers and packing
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CHAPTER 8 T
RESULTS AND DISCUSSION: EFFECT OF WATER WASHING c@\vv

METAL CONTENTS ON DATE FRUITS A

T

8.1 Determination of Water Washing Effect on Heavy MetN\tent
After determination of heavy metals content in all S pIe using GFAAS,
the water washing effect (reduction % of heavy m conte ) ulated as

described in section 3.8.8. using equation 3.9. Result own in able :

Table 8.1: Effect of Washing on Total Heav ort{s te Fq&(n 3)
Average flesh Ave ag X
heavy metal aI Q\ otal é Washin
Element contents nts nte offect (0/('?)
(ng/g) fruit fruit g
fresh weight usta. @

cd 0.009 +0.0.00 048 5 lo + 0.005 34.78
Ni 1258+0ué011 +0.0214 §+04e4 31.02
Al 7.238 + 2. %j 8 4‘6/388 +3.980 30.32

63 9%\30 792 +5.084 11.79
f'o 80> 0.207+0.234 9.35

v T
S o
o N
\l
'—\
o
o
ng
~
Omsgy=co
o
s
©

Pb 0.439 £0.116- 05 L ofa34 0484+ 0.150 9.30
As Mi 0.103 ™ 0.073£06011  1.121+0.114 6.50
cu N4 - 0.074¥0.021  7.465+1.274 0.95
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8.2 Discussion

The effect of washing on some heavy metals deposited on date fruits was?ﬂ!d
using wet digestion technique and GFAAS for analysis. Heavy metal ccﬁ%\n all
samples were significantly reduced by washing for about 90 s at room
temperature, and the results agree with those reported in the Iiteratmdjain et al.,
2011). The washing effect on dust removing was ranged from 34.78/% to 0.95 % and
seemed to be in descending order as follows: Cd> Ni> r&:» b>As>Cu. The

highest washing effect was found for Cd (34.78 %) an n Ni (BWAI (30.32

5 %).lAc n]g@:dles
p Imdr es @' the effect

ies oﬂac ulate t (Qassim et

al., 1986, Ibrahim and Nayef., (2001); &aet al., Iso@‘study carried out

%), Sn (9.35 %), Pb (9.30 %), As (6.5 %) and C

reported the phenomena of accumulation of dus

of winds, location, and other factors on th

by Qassim et al., (1986) on adult pa esin %m unt adhered dust on the
N

leaves was varied according t tanc@ of thesey tre<Q om unpaved streets and

agricultural roads. The me epo i 2) a ing to the distance between

(in meters) the roads ﬂ‘%ﬂ year Jlﬁ 198@(@3 found to be, 0.67,0.26, 0.21,
0 an

and 0.13 mg/cm? fo ﬁ'{ances cl gﬂ) meters, respectively from the roads.
Ar it

The study reve the 'f ad?@%‘d dust on the leaves was decreased as the

trees are loc hther wa onlr ag(is tural roads and unpaved streets. The study
% NN

also reveal t, thg"aCc Platio dust on date palm leaves has negative effect on

Y-
n@ and quantity of da{%ﬂm products because of the stress of dust pollution

t ts the vital activities and the efficiency of leaves in offering the fruits with the

Q hydrates and thus the productivity of fruits. In the study conducted by Ibrahim and
ay

ef (2001), a relationship was found between the amount of dust deposited on date

palm trees cultivated of Hallway variety spread over three regions in the region of Basra
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and wind speed and temperature of palm planting area. The amount of dust dropping on
the leaves were calculated according to the fruit growth months the study indicavnt
the production of trees in the study sites decreased, reaching 36 kg in Abu al-Khaseeb
area, followed by Al-Hartha region where the average production of p s was 32
kg. The variability in date palm yields in the three studied regions maybe attributed to
variability of the deposited dust on fruit surfaces, as well as de osMst on the leaves
that reduces the leaves' efficiency in providing the fruits w pRz;)orydrates needed

for their growth and development. \d
B

Similar results were found in the study of sampl m leaves fr do@trees

@ i udingjzi‘ndustrial

~desert ironment, and

collected different environments (Al-Anee
environment, marine environment, agricultékal e

urban environment. The study found @ortam res
a significant role in the absorption a@%imenta\m‘%r

and the highest sedimentation%y m&als sa‘ou{Q leaves taken from the

industrial environment and_the es' ce ratlon@s found in the agricultural

4 firs@% palm trees play

ﬁ@\mnts of heavy metals,
N

>

ond he'pe@ntage of heavy elements that are

environment and then

absorbed and deposited by palrrl

from 22 % to 9@@

suspended@ and he‘to | aﬁotnjt bsorbed by the leaf’s ranges from 22 to 91
NN

%. HO\/\%

ehiglesynickel-cadmium batt@oil industry, and mining (Chabukdhara et al., 2016).

‘% s and packaging materials may also contribute to the deposition of metals on
hé'surf

&
gh.VOmium, nickel, and lead) was ranged

or 40-80 per cent of the amount of dust

presénce Peavys@als in the air is mostly caused by air polluted by

<

Q ace of fruit and vegetables. Moreover, the presence of heavy metals such as Pb
nd Cd in wash residues and date fruit was previously reported in several studies, i.e.

(Aldjain et al., 2011; Hamid, 2011; Sueleman, 2014).
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8.3 Conclusion

The effect of washing on some heavy metals deposited on date fruits Wasw'nd
using wet digestion technique and GFAAS for analysis. Heavy metal c@n all
samples were significantly reduced by washing for about 90 s at room
temperature, and the results agree with those reported in the literature’(Aldjain et al.,
2011). The washing impact on dust removal varied from 34.7 N % and seemed
to be declining in the following order: Cd> Ni> Al>Fe> s>?u. The findings

demonstrate that washing can remove a significant propoftion of e.hqrdcontent of
@

Y.
heavy metals attached to date fruits, lowering the dan conyeilt@
4
Y’ \ \!T
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