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Abstract

This study analyzed and assessed the heavy metal contaminations and
bioaccumulation factors including lead, copper and zinc in soil and three citrus
maxima varieties, namely Khaw-Taengkwa, Tha-Khoi and Thong-Dee in Pho Prathap
Chang Sub-district, Pho Prathap Chang District, Phichit Province. Soil and Citrus
maxima samples were collected in the same garden by random sampling of 10
gardens of each variety, with a total of 30 gardens (Three soil samplings under
canopy were collected from 15 citrus maxima trees per garden and citrus maxima
samplings were collected 2 samples per garden). Lead, copper and zinc contents in
soil and citrus maxima samples were analyzed by using the Atomic Absorption
Spectrophotometer (AAS). The results showed that the averages of lead copper
and zinc contents in garden’s soils of all citrus maxima varieties were within the
soil quality standards set by the Department of Land Development. For heavy
metal contaminations in citrus maximaes, lead contents in Khaw-Taengkwa, Tha-Khoi
and Thong-Dee varieties were averaged 5.83+0.94, 6.40+3.56 and 9.95+2.84 mg/kg,
exceeding the WHO permissible limits with 65%, 55% and 75%, respectively.
The copper contents exceeded the standard limit only in Tha-Khoi variety with
25%. The amount of zinc contamination was within the standard limit in all citrus
maxima varieties. The bio-accumulation factor (BAF) of lead, copper and zinc in all
three citrus maxima varieties were less than 1, which were considered these citrus
maximaes have a low ability to transport these heavy metals from the soil to

accumulate in citrus maxima fruits.
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concentration of laed in Plants

BAF Lead =

concentration of laed in soil

concentration of copper in Plants

BAF Copper =

concentration of copper in soil

. concentration of zinc in Plants
BAF Zinc =

concentration of zinc in soil
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Table 1 Heavy metal concentrations of soil and citrus maxima in Pho Prathap

Chang Sub-district, Pho Prathap Chang District, Phichit Province

Heavy Metal Contamination (mg/kg)

Citrus Maxima

Pb Cu Zn
Variety
Soil Citrus maxima Soil Citrus maxima Soil Citrus Maxima

Khaw-Taengkwa 2555534 5.83+0.94° 1227+2.06°  056x0.15  42.82+3.58" 5.05£0.25"
(0.10-39.60)  (ND-16.01) (7.98-15.77) (ND-1.74)  (34.43-54.30) (2.49-6.97)

<MAC (%) 100 35 100 100 100 100
Tha-Khoi 9.14+1.19°  6.40+356 804:137°  630:3.74°  40.04+580° 5.60+1.12°
(0.04-26.74)  (ND-24.40) (4.86-14.66)  (ND-1887)  (26.29-64.91) (3.08-9.13)

<MAC (%) 100 45 100 75 100 100
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Table 1 Heavy metal concentrations of soil and citrus maxima in Pho Prathap

Chang Sub-district, Pho Prathap Chang District, Phichit Province (cont.)

Heavy Metal Contamination (mg/kg)

Citrus Maxima

Pb Cu Zn
Variety
Soil Citrus maxima Soil Citrus maxima Soil Citrus Maxima
Thong-Dee 2613+337  9.95:2.84° 866:272°  031:025  40.97+4.28 4.380.53"
(14.88- (153-19.47)  (3.09-1321)  (ND-2.81)  (29.91-56.01) (2.45-6.41)
40.30)
<MAC (%) 100 25 100 100 100 100
MAC <55* <o <41* <10%* <90* <50**
Overview 100% 35% 100% 91.67% 100% 100%
(<MAQ)

Remark ND: Non-detected, MAC: maximum allowable concentration (mg/kg),
Mean followed by different letters in each row are significantly different (P<0.05)
* (Land Development Department, 2011), ** (WHO, 1996),
*** (The Prevention of Food Adulteration Act & Rules, 2004)
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a a
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[ Y]
v =3
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Y 9
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a a
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q U
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Farnsavaunn@innainandniteglunaeiiaunsaudlainduloduiy
avaune Nowad kavdanyduusunaum tWesnniadnennnisaraun1edinindsy

191 1 §a915197 2 waznndl 1 (Table 2 and Figure 1)

Table 2 The bicaccumulation factor of three citrus maxima varieties growth in area

of Pho Prathap Chang Sub-district, Pho Prathap Chang District, Phichit Province

Citrus maxima variety Bio-Accumulation Factor (BAF)
Pb Cu n
Khaw-Taengkwa 0.24+0.18" 0.05+0.04° 0.12+0.03°
(0.05-0.68) (ND-0.10) (0.07-0.16)
Tha-Khoi 0.50+0.38° 0.94+0.72° 0.5620.06°
(ND-1.32) (0.24+2.05) (0.46-0.68)
Thong-Dee 0.4120.19° 0.0320.03° 0.6420.06°
(0.09-0.68) (ND-0.11) (0.55-0.72)

Remark Mean followed by different letters in each row are significantly different (P<0.05)
BAF<1 were considered the citrus maxima has low ability to transport heavy metals

from the soil to accumulate in citrus maxima fruits

200 B Khaw-Taengkwa
_ 1] Tha-Khoi
150 - H Thong-Dee
BAF<1
< 100 -
[2a]
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Figure 1 The bicaccumulation factor of Pb, Cu and Zn in three citrus maxima varieties
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