CHAPTER 3

RESULTS AND DISCUSSION

In this study, the vegetables analyzed are Chinese kale,

Chinese kale (young) , Chinese radish, Chinese white cabbage,

coriander, cucumber, celery, leaf mustard, lettuce,

chinese

cabbage,~mu1ttpliox-onion, Chinese convolvulus,

water convolvulus, . and yard long bean. They were collected

from four different gardens which are located in the following

Tambons ¢

Taling Chan, Prachathipat, Bangbautong and Saun Laung.

Tambon Taling Chan is in Ampoe Taling Chan, Bangkok Metropolitan ;

Tambon P

rachathipat is in Ampoe Thanyaburi, Changwat Pathum Thani ;

Tambon Bangbautong is in Ampoe Bangbautong, Changwat Nonthaburi ;

and Tamb

Sakhon.

on Saun Laung is in Ampoe Krathum RPand, Changwat Samut

These four gardens were selected for this study since the

environment around them are different. The gardens at Taling Chan

and Prachathipat are close to the roads but the traffic near

Taling Chan garden is heavier. The garden at Bangbautong where it is

among the farms is far away from the road, as well as the gardenat

Saun Laung where it 1s among gardens can be reached by vehicles.

Scientific names and Thai names of the vegetables analyzed

are listed in Table 3. In order to minimize the influence of the

variation of the concentrations of the interferences presented in

different biological samples on the accuracy of results, the



Table 3 List of vegetables analyzed in scientifig and

Thai names

Scientific Name

Family Amaryllidaceae

Allium cepa var. aggregatum Don.

Family Compositae

Lactuca sativa Linn.

Family Convolvulaceae

Ipomoea reptans Poir.

Ipomoea aquatica Forsk.

Family Cruciferae

Brassica chinensis Linn.

Brassica juncea Cohh.

Brassica oleracea

var. alboglabra Bail.

Brassica ¢ hinensis Linn.

Raphanus sativus Linne.

var., Longipinnatus

Family Cucurbifaceae

Cucumis sativus Linne.

Family Leguminosae

Vigna sesquipedalis Fruwirth.

English Name

Multiplier Onien

Lettuce

Chinese Convolvulus

Water Convolvulus

Chinese Cabbage

Leaf Mustard

Chinese Kale

Chinese White Cabbage

Chinese Radish

Cucumber

Yard Long Bean
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Table 3 (continued)

Scientific Name

Family Umbelliferae

Apium graveolens Linn.

Coriandrum sativum Linn.

English Name

Celery

Coriander

29
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vegetable samples had all been analyzed by the method of standard
addition. All vegetable samples collected for this study were in
the consuming stage.

In trace analysis, the supporting electrolyte is
necessarily added to prevent interferences and to eliminate the
migration current, but it should be used in a small amount.

The concentration of a supporting clectrolyte is generally more

than the determining ion about 100 times (59). If the
concentratign of the supporting electrolyte is high, the sensitivity
will decrease (59). The supporting electrolyte also controls the
diffusion process in the dissolution step of Pb(Hg), therefore,

the choice of the supporting electrolyte is an important parameter
66). In this study, since the ash of the sample was dissolved

in nitric acid, potassium nitrate was selected to be the supporting

electrolyte and the sample solution was prepared in 0.02 M KN03.
The percentage of Pb(N03)2 in the analar grade Pb(N03)2

was found to be 99.99 by amperometric titration with a standard

potassium dichromate solution.

Since the cathodic peak of Pb(II) ion in 0.02 M KNO
3

and 0.10 M HNg}solution at the HMDE showed at -0.45 V, the
potential of ~0.60 V was chosen for the deposition of Pb(II) ion.
After a 20-minute electrodeposition at the HMDE, the anodic
stripping voltammetry for Pb(II) ion was recorded. The cathodic

and anodic stripping voltammograms are shown in Figure 1.
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Figure 1

Cathodic voltammogram (A) and anodic stripping

voltammogram (B) of Pb(II) ion in 0,02 M KNO3 and

0,01 M HNO3 solution,

with the scan rate of 0.8 V/min.
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A single anodic stripping peak of Pb(HE) was obtained at- _—0.49 volt.
The relationship between the anodic stripping peak currents for

Pb(II) ion and the concentrations of the standard Pb(II) 'ion solutions
in 0.02 M VNO} and 0.10 M HN‘O3 was studied under the conditions
mentioned. It was found that the anodic stripping peak currents

for Pb(II)ion are directly proportional to the concentrations of

Pb(II) ion solutions in the rangé of 9.99 x 10—8 M to 1.19 X IO—GM.
Data for this investigation and the plot of the anodic stripping peak
current for Pb(II) ion and its concentration are illustrated in Table
& and Figure 2, respectively. Therefore, the standard addition
technique for analyzing lead in vegetable species was performed

in this conceﬁtration range. The anodic stripping volfa;;nograms

of the solution from 82.70 g Chinese cabbage as well as

the solution from  82.70 g Chinese cabbage with an addition

of 0.050 cm? of 4,99 x 10-7M Pb(II) ion are shown in Figure 3.

Results of the analyses of lead in various vegetable species
grown at Taling Chan garden Prachathipat garden, Bangbautong garden
and Saun Laung garden are listed in Tables 5,6,.7 and 8, respectively.
In this report, the weight of the frésh vegetable or the fresh weight
is the weight of the green vegetable after removing soil, rinsing
with tap water and drying at room temperature, as well as the ash
weight is the weight of carbon-free ash of the vegetable. Codes

represented the vegetable species are listed in Table 9.
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Table 4 Conditions for the deposition of Pb(II) ion and data

of anodic stripping analyses for Pb(II) ion at
various concentrations in 0.02 M KNO3 and 0.10 M

HNO

3
Deposition . Concentration of Pb(II) ion is,a
Potential(V)| Time(min) (M) (pa)
12 "3 S T
-0,60 20 1.19 X 10 2,80 =0.11
9.99 x 1077 2.26 %0,07
8.99 % 10™7 2,03 0,02
7.99 X 10”7 1.80 0,06
6.99% 10~7 1.54 0,03
5.99 X 1077 1.33 o.04
5,99 % 1077 1,06 *o,04
; 3,99 X10™7 0.81 £0.03
2.99 X10™7 054 002
1.99 X 10™7 0.30 *0,02
9.99 % 10~ 0.11 £Q01

+ ik
*average anodic peak current - mean devietion of more than

L trials



Anodic stripping peak current(ua)
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Figure 2 Linear dependence of anodic stripping peak currents

on concentrations of Pb(II) ion using an
electrodeposition time of 20 minutes at -0.60 V
and the scan rate of 0.8 V/minute. The line drawn

is the calculated least squares line.
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Figure 3
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' The anodic stripping voltammograms of (A) lead content

dn 82.70 g Chinesk cabbage and (B) lead content

i"in 82.70 g Chinese cabbage with the addition of

0.050 e of 9.99 x 10™°M Pb(II) ion, using a scan rate of

0.8 V/minute.
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Table S Data of anodic stripping analyses of lead in vsrious vegetable grown
at Taling Chan garden.
1% " g% cm3 of 9.99 x10-5M Average of lead content found Ash wt. of 1kg
= P Pya
Sample sample pa saméle Pb(NO3)2 added ng/g of neg/kg of fresh vegetable,
+
std Pb(II)ion pa vegetable ash | fresh vegetable ng

Chinese none 0.62 0.040 none none 7.62 20,08
Paaas none 0.6k 0.040
Chinese 0«54 2.05 0,100 8,82 @.p3] 4,96 % 3,01 | 100 .92
White .
Cabbage 0.78 1.65 0,060
Cucumber none 0.40 0.020 none none 8.02 Z0.24

none 0.32 0.020 .

D8 2.59 0.080 5.01 20.05 | 99.50 20.63 19.85 10,07
Celery “van

133 2473 0.080
Leaf 0.27 0,40 0.020 %.9539.08) 53,39 1,12 | 13.67 %8.96
Mustard 0.26 0.38 0.020

0.96 2.20 0.060 5.59 20.07| 79.97 ¥ 1,17 | 14.81 %e.55
Chinese
Cabbage 0.90 2:15 0.060

%

average of two trials
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Table 5 {(continued)

i% " 1; = cmj.of 9.99 x10-5M Average of lead content found Ash wt. of 1 kg
Sample Sy e
sample, ua Sa291e Pb(N03)2 added 4pg/g of ne/kg of fresh vegetable ,
std Pb(II)ion pa vegetable ash | fresh vegetable] mg
¥ e o 0o 4+

Multiplier 023 1.60 0.060 4.53 20,14 39.87 ¥0.11 | 8.80 Xq.31
Onion 0,52 . 1.60 0,060

Yard none 0.40 0.030 none none 20.01 fo.l2

long

Bean none 0.38 0.030

average of two trials
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Table 6 Data of anodic stripping analyses of lead in various vegetzables grown at
Prachthipat garden.
i;,a i;,a cm3 of 9.99 x1O-5M Average of lead content found Ash wt. of 1 kg
Sample |sample ,pa sample Pb(N03)2 added Pg/g of pe/kg of fresh vegetable,
=+
std Pb(II)ion, pa vegetable ash fresh vegetable mg
Chinese:| 0,78 1.50 0,050 3.93 20.10 54,85 £ 1.46 | 13.91 20,0k
Kale 2 :
0.80 1250 0,050
Chinese | 0,14 0,40 04020 2.07 0,07 13.68 10,44 6.60 Z0.02
Radish ‘
0.1k 0,43 0.020
Chinese | 0.60 1.25 0.040 3,01 20,02 38.81 10.86 12.87 0,22
White :
Cabbage 0,61 1.38 0,050
Coriander] 0.55 0.89 0.020 3.15 20,10 51,47 Z0.42 16,44 20,75
0.56 0.95 0.025
Cucumber | 0,07 0.50 0.030 0.55 10,04 3.87 20.05 7.39 20,05
0,07 0.51 0.030
_ 0.31 0.60 0.060 4,34 $0.09 113,35 £ 2.30 | 26.12 20.01
Celery
0.34 0.65 0.060

* average of two trials
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Table 6 (continued) 39
i; s i; - ‘cm3 of 9.99 x10_5M Average of lead content found |Ash wt. of 1 kg
] ]
sanple iz i o samfle PO{NO. ) agded pe/g of pe/kg of fresh vegetable |,
std Pb(II)ion, pa vegetable ash | fresh vegerable mg
Leaf 0.15 0.29 0.030 2.70 % .10 39.23 * 2,09 |14.55 Z0.20
‘ustard
0,15 0.31 0.030
Lettuce - 0032 0096 00030 1081 :.0003 19039 10041 10.65 :0010
- et s _b* A T "
0.88 2.k0 0.120 5.03 20.20 9%.72 % 3.91 | 14.64 20.56
>hinese 3
e obia e 1.03 2.40 0.100
mltipiier] O-%5 0.84 0.030 k.12 20.23 37.23 = 6,28 | 9.06 20.20
)nion 0.42 0.81 0.030
hinese 0.40 121 0.060 2.61 10.05 35.88 to.14  113.46 20,32
)avelvulus e
o1 0.39 1.20 0.060
g L 2 o - - :
Nibas | 0.56 0.93 0,020 3.29 20,17 38.96 = 1.82 [13.88 Z0.k0
nvelvulus!  0.56 0.95 0.025

i

* average of two sample
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Table 6 (continued)
i % 5 1; a cm3 of 9.99 x 10-5M Average of lead content found |Ash wt. of 1 kg
Py ’
Sample sample, pa sample Pb(N03)2 added pe/g of ng/kg of fresh vegetable,
4
std Pb(II)ion, ua vegetable ash [fresh vegetablg mg
Yard none 0.41 0.030 none none 18.02 Zo.l42
Long
e none 0.39 0.030

* average of two trials
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Table 7 Data of anodic stripping analyses of lead in various vegetables grown at 1
Bangbautong garden.
i £, cm” of 9,99 x 10°°M| Average of lead content, found Ash wt, of 1 kg
Sample samnle,lpa T Pb(N03)2 added 'pg/g of pe/kg of fresh vegetable,
= +
std Pb(II), npa vegetable ash| fresh vegetable mg
Chinese 1432 1..80 0.040 % .66 10,96 80,06 ¥ 1,74 |14.23 Z0.25
Kale
1425 1471 0,040
Chinese 0.%0 0.78 0,020 1,78 20.02 33.43 20.97 | 18.82 Ig.U5
Kale
(young) 0,42 0,82 0,020
Chinese 0.29 0,81 0.050 2.76 10,08 20.96 Z0.62 7.59 20.62
Radish
0.29 0.78 0.050
Chinese 0.23 0.39 0.025 2.86 20.02 35,60 % 1,40 h2.54 Y550
White
Cabbage 0.28 52 0.030
Coriander | 0.81 2.20 0,080 3,81 20,09 67.23 £ 1.19 h7.66 20.11
0.82 2.20 0.080
‘ucumber Oe13 0.71 0,020 0.50 20,07 3,15 20.07 6.05 10,02
8:13 0.68 0.020

* average of two trials




Table 7 (continued)

L2

5

i; . 15 & cm3 of 9.99 x10™°M Average of lead content found Ash wt. of 1 kg
1 9 <
Sample sample,'ya sample Pb(N03)2 added ‘Pg/g of ‘pg/kg of fresh vegetable,
+ A »
std Pb(II),.Pa vegetable ash| fresh vegetable ng
s 0.39 0.77 0.050 b.71 *0.08 104.13 ¥ 3,16 | 21.62 0.28

Celery

0335 Oo?l{' 00050 L]
Leaf 0.51 0.90 0.050 4,00 20,01 56.81 0,18 14,10 20.07
Mustard , :

0.50 0.88 0.050
falt{yided 0.35 0.69 0.030 4,37 %0.01 b2, 47 20,46 9.72 20.31
)nion 0.36 0.70 0.030

0.63 1.05 0.040 6.27 20.14 9.6 £ o Fsar T
Chinese
cabbage 0.66 1.08 0.040
hinese 0.84 1.75 0.040 3,00 20,06 b2 ,63 T 1,04 | 13,84 20.0k
nvolvulug 0.72 1.61 0.040
yard none 0.60 0.040 none none 20,02 20.61
long
Pean none 0.58 0.040

* average of two trials




Table 8 (continued)

b

,i; = i; o« cm30f 9.99 x 10_5M Average of lead content found [Ash wt. of 1 kg
X 9 9
Sample sample, fa sample Pb(N03)2 added ‘Pg/g of ‘yg/kg of fresh vegetable,
+
std Pb(II),Pa vegetable ash| fresh vegetablg ng
Leaf 0.15 0.35 0.040 253 200 | 32.70 0,62 . b2 50.15
Mustard
0.16 0.36 0.040
1.0? 2.11 04100 5.17 20,03 [104.03 20,51 16.86 20.35
Chinese
Cabbage 1.02 2% 0.100
Multiplier 0.39 .27 0.060 3.18° 20,02 | 35.72 20,23 8.71 20,01
Odden 0.37 1.25 0.060
Chinese 0.20 0.63 0.050 2.45 20,04 | 27.20 20.98 © {12.07 fo.42
Convelvulus 0.23 0.69 0,050
Sater 0 50 1.30 0.050 3.70 %0.03| 43.21 20.23 . [11.61 20.88
Convelvulus 0 5k 163 0'050.
Yard long none 0.57 0.400 none none 21.40 20,71
Bean
none 0.60 0.400

* average

of two trials
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Table 8 Data of anodic stripping analyses of lead in various vegetables grownat
Saun Laung garden.
1; g i; = cm3 of 9.99 x 10-5M Average of lead content found @Ash wt. of 1 kg
Sample sample,ipa s&mpie Pb(N03)2 added pg/g of pe/kg of fresh vegetable,
+
std Pb(II), pa vegetable ash | fresh vegetable mg
Chinese 1.40 2.80 0.070 4,31 20,05 | 56.61 X .54 13411 & 64
Kale
1.4 2.85 0.070
Chinese -
Radish none 0.82 0.050 none none 6.63 =ga.k2
none 0.8L4 0.050 1
Chinese 0.52 1.70 0.60 3,62 90,70 | 36,08 Z 1,18 | 10.70 Z0.48
White
Cabbage 0.49 1.40 0.050
Coriander 0.49 1453 0.065 2.46 20,09 49.06 % 1.74 | 19.93 Zp.02
O.42 T3> 0,070
Cucumber 0.045 0.5k 0,030 0.8 201l 3.11 ¥ .06 6.45 25,07
0.042 0.50 0.030
0.80 2.80 0.100 5.23 ~@05{ 113,17 I 1,23 21.61 2043
Celery
0.75 2.68 0.100

* average of two trials
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Table g Codes used for representing vegetable species in
Figures 4a, 4b, 5a, 5b, €a, 6b, 7a , and 7b.

Cocdes Common Names Thai Name

A Chinese Kale ATU

B Chinese Kale (young) goniin

c Chinese Redish walainn (Hnnai- )
D Chinese White Cabbage fnnaau1n
E Coriander fing

F Cucumber UAVNIN

G Celery tnfuany
H Leaf Mustard fAnnna gy
I Lettuce Ann1anay
J Chinese Cabbage ﬂnmwﬁ\)
K Multiplier Onion AunBY

L Chinese Convolvulus ‘ﬁnﬁvﬁu

M Water Convolvulus tinynlne
N e~

Yard Long Bean
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It was found that lead contents in various vegetable species
from any gerden were different due to the species, The decreasing
order of lead content in one kilogram of the fresh vegetable species
at Teling Chan gerden is celery, Chinese cabbage, leaf mustard,
Chinese white cabbage, multiplier onion, yard long bean, Chinese
radish and cucumber (see Figure 4a). The highest concentration of
lead was found in celery (99.50 . 0.63 pg/kg) and no lead was
found in yard long bean. Since the texture of each vegetable species
is different, the decreasing order of lead content in one gram of
the ash of vegetable species has a slight change from that in the fresh
vegetable. The order is as the following, Chinese cabbage, celery,
Chinese white cabbage, multiplier onion, leaf mustard and yard long -
bean (see Figure 4b). The content of lead in one gram of the ash of
Chinese cabbage was found to be highest for this garden (5.59 4 0.07
pg/g) and no lead was found in yard long bean, cucumber and Chinese
radish.

For the Prachethipat garden, the decreasing order of lead
content in one kilogram of the fresh vegetable is celery, Chinese
cabbage, Chinese kale, coriander, leaf mustard, water convolvulus,
Chinese white cabbage, multiplier onion, Chinese convolvulus, lettuce,
Chinese radish, cucumber and yard long bean (see Figure 5a). The
highest concentration of lead was found in celery {113.35 ¥ 2.30 ne/kg)
and no lead was found in yard long bean. However, the decreasing
order of lead content in one gram of the ash of vegetable':
species 4is Chinese cabbage, ceclery, multiplier onion,

Chinese kale, water convolvulus, coriander Chinese white cabbage,
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Figure kLa Lead content in one kilogram of the fresh vegetable
of various species at Taling Chan garden
r— ———
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Figure 4b Lead content in one gram of the vegetable ash of

various species at Taling Chan garden.
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Figure 5b Lead content in one gram of the vegetable ash of

various species at Prachathipat garden.
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water convolvulus, leaf mustard, Chinese convolvulus, Chinese radish,
lettuce, cvcumber and yard long bean (see Figure S5b). The content of
lead in one gram of the ash of Chinese cabbage was found to be the
highest for this garden (5.03 %0.20 pg/g) and no lead was found in
yard long bean.

For the Bangbautong garden, the decreasing order of lead
content in one kilogram of the fresh vegetable species is celery,
Chinese cabbage, Chinese kale, coriander, leaf mustard, Chinese
convolvulus, multiplier onion, Chinese white cabbage, Chinese
kale (young), Chinese radish, cucumber and yard long bean (see
Figure 6a). The highest concentration of lead was found in celery
(104.13 £ 3.16 ug/kg) and no lead was found in yard long bean. When
the lead content in one gram of the vegetable ash of various species
- oriented, the decreasing order was as the following .Chinese cabbage,
Chinese kale, celery, multiplier onion, leaf mustard, coriander,
Chinese convolvulus, Chinese white cabbage, Chinese radish, Chinese
kale (young), cucumber and yard long bean (see Figure 6b). The content
of lead in one gram of the ash of Chinese cabbage was found to be the
highest for this garden (6.27 3.4 ng/g) and no lead was found in
yard long bean.

For the lést garden in Tambon Saun Laung, the decreasing
order of lead content in one kilogram of the fresh vegetable species
is celery, Chinese cabbege, Chinese kale, coriander, water

convolvulus, Chinese white cabbage, multiplier onion,
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Figure 6a Lead content in one kilogram of the fresh vegetable of
various species at Bangbautong garden.
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Figure 6b Lead content in one gram of the vegetable ash of

various species at Bangbautong garden.
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leaf mustard, Chinese éonvclvulus, cucumber, Chinese radish and
vard long bean (see Figure Ta). The highest concentration of lead
was found in celery(113.17 : 1.23 pg/g) and no lead was found in
yard long bean, and Chinese radish . When the order was oriented in
the way of the lead content in one gram of the ash of vegetable species,
the decreasing ordermas as the following, Chinese cabfage, celery,
Chinese kale, water convolvulus, Chinese white cabbage, multiplier
onion, coriander, leaf mustard, Chinese convclvulus, cucumber,
Chinese radish end yard long bean (see Figure Tb). The content of
lead in one gram of the ash of Chinese cebbage was found to bg the
highest for this garden (6.17 ﬁb.30‘ug/g) and no lead was found in yard
long bean and cucumber.

From‘every vegetable garden studiedy 44 1indicated that
celery is the species which has a meximum value of lead content
in the fresh vegetable (99.50 - 113.35 ug/kg), Chinese cabbage is
the species which contains a maximum value of lead ccntent in the
vegetable ash (5.03 - 6.28 pg/g), as well as yard long bean is the
species of vegetables analyzed which contains no lead in both the fresh
vegetable and its ash. These results illustrated an influence of the
species or genus of a vegetable on the amount of lead in the vegetable.
Owing to the difference in the textures between vegetable species analyzed,

the maximum lead content in the fresh vegetable was found in celery while
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various species at Saun Laung garden.
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Figure Ta Lead content in one kilogram of the fresh vegetable of
various species at SauniLaung garden.
|
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Figure To Lead content in one gram of the vegetable ash of
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the maximum lead content in the vegetable ash was found in Chinese
cabbage. Moreover, the decreasing orders of lead contents in a
vegetable species between the fresh vegetable and its ash from any
garden are slightly diverse. Multiplier onion from the Bangbautong
garden is in the sixth order of the fresh vegetable, but it is in
the ninth order of the ash. Multiplie;Aonion from the Saun Laung
garden is in the seventh order of the fresh vegetable, but it is

in the eight order of the ash (see the decreasing orders on page

50, 52). These orientations of lead contents in vegetables between
the decreasing orders for the fresh vegetables and for the ashes
illustrated an influence of the texture of a vegetable on lead
content in the vegetable. Since the numbers and structures of
hydrocarbons (cellulose) oriented in various vegetable species have
some variation ,the amount of the mineral, nutrient and water uptake
by each species is different. This can be secen when the same weights
of various fresh vegetables were ashed, the weights of ashes obtained
were not equal. These conversion factors for the weights of fresh
vegetables to the ashes are also presented in Table 5-8. However,

lead contents in anyone vegetable species which were grown in the four

gardens studied resulted in some different values within a short range

due to the different environment of each garden (see Table 10, .11):
The inconsistency of the conversion factors of each vegetable species
from the fresh vegetable to its ash between four gardens studied as
shown in Table 12 also emphasized the effect of the environment on a

vegetable composition.
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Table 10 Comparison of lead contents in each fresh vegetable grown.in
the four gardens studied
lead content*,‘fg/kg of the fresh vegetable grown at
Sample
Taling Chan Prachathipat Bangbautong Saun Laung
Chinese Kale 54,85 1,46 | 80.06 X 1.7% | 56,61 20 54
Chinese Kale (young) 33,43 io,97
—

13,68 0.4k

20,96 ¥0.62

Chinese Radish none none
Chinese White Cabbage 41,96 % 3.91 38.81 10,86 35,60 & 1,40 | 36.08 * 1,18
Godibinder 51.47 20.42 67.23 1,19 | 49.06 I 1,74
Cucumber none 3.87 %0.05 3,15 Z9.07 3,11 20,06
Celery 99.50 20,63 113.382¢ 2.30 | 104.13 ¥ 3,16 [113.17 ¥ 1,23
Leaf Mustard 53.39 1,12 39.23 I 2.09 | 56.81 20,18 32,70 20,62
Lettuce 19.39 2 .41

Chinese Cabbage HalgH. SNGHG 73.72 23,91 | 94.96 ¥ 2,10 |104.03 20,51
Multiplier Onion 39.87 20 .11 37,28 2938 | 42,47 2ol46 35,72 20,23
Chinesé Coenvolvulus: 25,38 20,14 42,63 £ 1,04 | 27.20 20,98
Water Convolvulus 38,96 X 1.82 43,21 20,23
Yard Long Bean none none none none

+ . .
* average value - mean deviation
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Table 11 Comparison of lead contents in the ash of each vegetable grown
in the four gardens studied
lead content *Lyg/.g of the ash of the vegetable grown at
Sample ‘s
Taling Chan Prachathipat Bangbautong Saun Laung

Chinese Kale 3.93 20.10 5.6640.16 .31 20,05
Chinese Kale(young) 1,28 2 .02
Chinese Radish none 2,07 Z0.07 2.76 20.08 none
Chinese White Cabbage 3.8210-03 3.01 20.02 2.86 20,02 3.62 :0010
Coriander 3,15 010 3,81 2409 2.46 *0.09
Cucumber none 0.55 10,04 0.50 ¥ 0 0.48 20,01
ele
st 5.01 10,05 4,34 20,09 4,71 10,08 5,23 20,05
Leaf Hustard 3.95 £0,08 2.70 20,10 4,00 % 0,01 2431 20,04
Lettuce 1.81 £ ,03

in
Paigass Uubbage 5.59 20,07 5.03 £0.20 6.29 20,14 6.17 20,03
Multiplier Onion 4,53 o1y 4,12 0,23 4.37 20,01 3,18, 20,02

+

Chinese Convolvulus 2.61 20,05 3,00 10,01 2.45 0.0k
v +

ater Convolvulns 3.29 20.17 3.70 20,03
Yard Long Bean none none none none

+
%*
average value -~ mean deviation




Table 12 Comparison of conversion factors for the weights of fresh

vegetables to the ashes between various gardens studied
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Sample

conversion factor *, mg of the ash/kg of the fresh vegetable

Taling Chan

Prachathipat

Bangbautong

Saun Laung

Chinese Kale

13.91 20,0k

14,23 20,05

13,91 10,64

Chinese ¥ale (young)

7,62 20.08

18.29 10.17

Chinese Radish

7.62 20,08

6.60 *0.02

7.59 Z0.62

6.63 20,42

Chinese White Cabbage

1097/2/ 1,48

12,87 Zo.22

12.54 Z0,50

10,70 20,48

Coriander 16,44 20,75 17.66 20,11 19.93 20,02
Cucumber 8.02 2 o2k 7.39 20.35 6.05 20,02 6.45 0,07
Celery 19.85 20,07 26,12 20,01 21.62 20,28 21,61 20,43

Leaf Mustard

13,67 20,16

14,55 =0,20

14,10 %0.07

1k,2 ¥0,15

Lettuce

10.65 f0.10

Chinese Cabbage

14.81 20.55

14,64 10,56

15,11 2 4.08

16.86 *0,35

Multiplier Onion

+

8.80 =0.31

9.06 %0.20

9.72 20,31

8.71 0,01

Chinese Convolvulus

13.46 Z0.32

13.81 20,04

12,07 20,42

Water Convolvulus

13.88 ta.40

11,61 20,18

Yard Long Bean

20.01 0,42

18,02 20,42

20,02 ¥0.61

21,40 0.7

5 . .
* average - mean deviation
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The stage of maturity of a vegetable also showed an
influence on the lead content in the vegetable, e.g., lead content
in Chinese kale was found to be 48.68 - 56.61 ng/kg of the fresh
vegetable and lead content in Chinese kale (young) was found to be
33.43 pg/kg the fresh vegetable.

Although all edible portions were used in the analysis,
it may be concluded that lead uptake increased in the sequence of fruit,
stem and leaf, e.g., no lead waé found in yard long bean, the range
of lead contents in Chinese radish was found to be none - 20.96 png/kg
of the fresh vegetable and the range of lead contents in leaf mustard
was found to be 32.70 - 56.81 ug/kg of the fresh vegetable. This result
corresponded to the paper of Motto, H.L., et al. (15). A difference in
lead contents in the leaves of various species may be expressed by the -
morphological difference in leaf surface to volume ratio, but this
attribution may prove imprudent.

The mechanism of lead (II) ion uptaken into vegetables
divided into two pathways : the uptake of lead (II) ion from leaves
and the uptake of lead (II) ion from roots. Uptake of heavy metals
through leaves was proved to be true by references 67, 68 and 69.
Krause, G.H.M. and Kaiser, H. (70) reported that lead uptake
through leaves occured and followed by basipetal transport. Furthermore, 4
guttation could be very well involved in such a process, since,
according to Wilson (71), the guttation fluid usually contains

some salts and organic acids. This could not only
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enhance solubility,but alsge ions uptake, Since some plants are
capable of reabsorbing salt crystals through hydrathodes (72).
Differences in uptake could be due to either
difference iﬁ particle  -sizes or
difference: in the solubility of the various oxides or interactions
of cations with respect to uptake preference through leaves.

From this study, the surface areas of leaves of various
vegetable species were found insignificant effect on lead
contents in the vegetables.

The uptake of Pb(II) ion by plant roots were reported |
by references 15, 73, 74, and 75. All the results
mentioned above were from the analyses of vegetables by the
treatment of washing as preparing for ccoking. These results
indicated the domestic intake of le=d conteﬁt from vegetables
by the people who live in Bangkok Metropolitan area and near by.
Since domestic tap water contains tface amounts of lead as
reported by Kenatharans (76 ), an additional study was performed for
the comparison of lead contents in the vegetables between two
washing treatments ; +the treatment of shaking off dust and_rinsing
vegetables with tap water as preparing for cooking and another
treatment by shaking off durt, rinsing vegetables with tap watér
and following with the double deionized water. Data of the anodic
stripping analyses of lead in some vegetables and the results of
lead contents in these vegetables are listed in Table 13 for
the washing treatment with tap water and in Table 14 for the

washing treament with double deionized water.



mable 13 Data of anodic stripping analyses of lead in various vegatables 56

by rinsing vegetables with tap water.

i; - i; e cm3 of 9.99 X 10-5M Average of lead content found Ash wt. of 1 kg
? ]
ample sample,na Sample Pb(NOB)2 added pe/g of ng/kg of fresh vegetable,
+
std.Pb(II))pa vegetable ash | fresh vegetable mg
‘hinese 1:32: 1.80 0,030 5.66 20,16 | 80.6 I 1.74 14.23 20.23
ale
fBaggbautong) 1.25 170 0.030
‘hinese 0.L0 0.78 0.020 1.77 20.97 | 33.43 20.97 18.82 20,45
‘ale i
(young)
Bangbautong)| 0.42 0.82 0.020
Coriander 0.81 2.20 0,080 3.81 :0.09 67,23 4 119 17.02 t0.14
angbautong) | 0.82 2.20 0.080
hinese - 0.52 1.70 0.060 3 5,62 10.10 36.08 % 1,18 10.70 ¥0,48
hite
abbage
aun Laung)
0.49 1.40 0,050
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Table 43 (continued)
u 6 Vg cm3 of 9,99 «x 10-5M Average of lead content found Ash wt., of 1 kg
Sampl Lk s
ple .
sample, pa Sample Pb(N03)2 added ‘Pg/g of pe/kg of fresh vegetable,
+
std Pb(II) na vegeteble ash| fresh vegetable mg
hinese 0.63 1.05 0.050 6.17 £0,03 104,03 0,51  [16.86 Q.35
>abbage
Jangbautong)] 0,66 1.08 0.050
later 0.50 1450 0.050 3.70 2003 43,21 23 11.61 20,18
onvolvulus
(Saun Laung) 0.54 1.63 0,070

* average of two trials
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Table 14 Data of anodic stripping amalyses of lecad in various vegetables after

washing with tap water, and following with deionized water

1 s B cm3 of 9.99 >(IO-5M Average of lead content found Ash wte. of 1 kg

Sample Py2 P8

sample, na sample Pb(NOB)2 added pe/g of Pg/kg of fresh vegetable,

* vegetable ash |[fresh vegetable ng
std Pb(II) ion,pa

hinese 0.96 3.30 0.100 3.27 20.30 48.68 X 4,58 h4,88 10,03
ale
angbautong)| 0,95 1.65 0.040
hinese 0.39 0.98 0.03%0 1465 20,07 30,00 20,07 16,52 £ 1,61
ale
young) o —
angbautong) 0.38 1,00 0,030
yriander 0.36 0.60 0.020 3.0k 20,17 62.70 10,72 18,62 20,34
angbautong) 0.35 0.58 0,020




Table 1% (continued)
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cm3 of 9.99)(‘10_5

i¥* it M Average of lead content found Ash wte. of 1 kg
;‘“ p’-a an
ple
sample, na sanle Pb(N03)2 added )Ag/g of )ug/kg of fresh vegetable,
std Pb(II) ion,pa vegetable ash fresh vegetable mng
inese 0.42 1.23 0,050 3.27 29,11 31.86:2 1,12 9.62 20,1k
ite
bbage
un Laung) 0.43 132 0.050
0.38 0.7 0,030 5435 28,22 84.25 2 1,09 | 16.19 I 1.30
inese
bbage =
ngbautong) 0.39 0.75 0.030
ter 0 54 1.49 0.070 3.61 0,09 42.65 20,17 11.81 20,33
nvolvulus
un Laung) 055 1652 0.070

* average of two trials
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From Table 13 and 14, it can be seen that there was some
trace amounts of lead from tap water deposited on the vegetables
with a regular washing treatment as preparing for cooking. If we
assume that the average consumption of various vegetables by Thais
is about one kilogram per day, the maximum content of lead
(113.35 ng/kg of the fresh celery), Thatisrs intake still does
not exceed the Thai standard limit of lead in canned food (2 ppm)
(77 ). However , vegetables are only one portion of food that man

consumes everyday.



	Chapter 3 Results and Discussion

