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Abstract

The objectives of this research were to study the paddy soil properties and
assess heavy metal contamination in paddy soil and rice grains in fields where five rice
varieties, namely, RD41, RD49, RD51, RD79 and RD85 were cultivated. Paddy soil and rice
grain samples were randomly collected from the same plots belonging to individual
farmers, with three samples obtained for each rice variety, resulting in a total of 15
sample plots within Phitsanulok province. The heavy metal contents were quantified by
using a flame atomic absorption spectrometer. The bioaccumulation factors of heavy
metals in these rice varieties were subsequently evaluated. The results indicated that
paddy soil exhibits a suitable soil texture and pH level, with adequate quantities of
organic matter and potassium for rice cultivation. However, the nitrogen and phosphorus
contents were presented in relatively low, necessitating soil quality improvement to
enhance rice growth. Regarding heavy metal contamination in the paddy soil, these
contamination levels did not exceed the specified standards. The contamination levels
ranked as follows: Mn > Zn > Pb > Cu > Cd, with ranged between 76.35-240.88, 27.14-
209.74, 1.70-28.11, 2.37-17.90, and 3.87-6.29 mg/kg, respectively. In terms of heavy
metal contamination in rice grains, only the amount of Pb contamination in the RD4 1
rice variety was found to exceed the standard criteria announced by the Ministry of
Public Health (<0.2 mg/kg). Nevertheless, none of the rice varieties were classified as

hyperaccumulators, as their Bioaccumulation Factors (BAF) consistently remained below 1.

Keywords: contamination, heavy metal, paddy field, rice cultivation, bioaccumulation
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Table 1 Soil parameters and analysis methods

Soil parameters Methods of soil analysis

1. Soil pH pH meter (1:5 soil : water ratio)

(Mettler Toledo SevenEasy S20 pH Meter, Switzerland)

2. Soil texture Hydrometer method

3. Soil organic matter (%) Walkley and Black method
4. Total nitrogen (%) Kjeldahl distillation method
5. Available phosphorus (mg/kg) Spectrophotometric method

(Thermo Scientific ™ brand, Evolution 201/220 UV Vis
Spectrophotometers model, Thailand)
6. Available Potassium (mg/kg) Flame Photometer
(M420 brand, CLINICAL 198-264V 50/60HZ model, England)
7. Heavy metals (mg/kg) Flame Atomic Absorption Spectrophotometer (FAAS)
(Pb, Cd, Zn, Cu, Mn) (SHIMADZU brand, AA-6200 model, Japan)
Pb (LOD = 0.001, LOQ = 0.004, 95% Recovery)
Cd (LOD = 0.0003, LOQ = 0.001, 97% Recovery)
Cu (LOD = 0.0005, LOQ = 0.0003, 93% Recovery)
Zn (LOD = 0.006, LOQ = 0.002, 95% Recovery)

Mn (LOD = 0.001, LOQ = 0.003, 89% Recovery)
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Table 2 Physical and chemical properties of paddy soils in area of Phitsanulok province

Soil texture pH SOM N P K
Rice variety
%sand Y%silt %clay Soil type (%) (%) (mg/Kg) (mg/Kg)

RD41

Min.-Max. 3-12 17-39 50-80 clay 4.83-6.64 0.87-2.59 0.04-0.12 0.52-1.11 83.73-177.80

Average+S.D. 7.20+2.95 24.40+8.99 68.40+11.63 clay 6.10+0.63 1.79+0.62 0.09+0.03 0.86+0.23 112.26+35.77
RD49

Min.-Max. 10-15 22-38 52-63 clay 5.16-5.85 1.62-1.72 0.07-0.09 0.17-1.33 76.73-116.53

Average+S.D. 12.50+3.54 30.00+11.31 57.50+£7.78 clay 551+0.49 1.69+0.04 0.08+0.002 1.25+0.11 95.63+26.73
RD51

Min.-Max. 15-21 32-39 44-50 clay 5.39-5.86 2.31-2.44 0.10-0.14 0.65-0.69 51.33-64.37

Average+S.D. 18.00+4.24 35.50+4.95 46.50+0.71 clay 5.41+0.03 2.38+0.09 0.12+0.004 0.67+0.002 57.85+9.22
RD79

Min.-Max. 7-16 12-15 72-78 clay 7.25-7.77 1.85-2.23 0.08-0.12 0.78-0.89 154.00-172.33

Average+S.D. 11.50+6.36 13.50+2.12 75.00+4.24 clay 7.51+0.37 2.04+0.27 0.10+0.01 0.83+0.07 162.17+11.55
RD85

Min.-Max. 8-19 30-39 42-62 clay 5.30-6.15 0.33-1.14 0.02-0.06 0.76-1.24 100.60-134.53

Average+S.D. 14.00+5.57 35.33+4.73 50.67+10.26 clay 5.71+0.43 0.78+0.40 0.04+0.02 1.00+0.24 116.27+17.12

Overview
Min.-Max. 3.00-21.00 12.00-39.00 42.00-80.00 clay 4.83-7.77 0.33-2.59 0.02-0.14 0.52-1.33 51.33-177.80
Average+S.D. 11.56+4.94 26.56+9.69 61.88+12.60 6.04+0.78 1.69+0.66 0.08+0.03 0.91+0.24 110.37+37.09

Remark n = 3 plot replications per each rice variety, Min.-Max. is minimum-maximum detected, SOM is
soil organic matter,

pH : Extremely acidic (<4.5), Very strongly acidic (4.5-5), Moderately acidic (5-6), Neutral (6-7.5), Alkaline
(7.5-8.5), Strongly alkaline (>8.5) (Yingchatchawan, 1993)

SOM: Extremely low level (<0.3%), Very low level (0.3-0.5%), Low level (0.5-0.7%), Relatively low level
(0.7-0.9%), Relatively low to medium level (0.9-1.2%), Medium level (1.2-1.5%), Medium to relatively high level (1.5-
1.7%), Relatively high level (1.7-2.0%), High level (2.0-6.0%), Very high level (>6.0%) (Pattanathaworn, 2020)

N:  Very low level (<0.1%), Low level (0.1-0.3%), Medium level (0.3-0.6%), High level (0.6-1.0%), Very
high level (>1.0%) (Soil Analysis Division, 2001)

P: Very low level (<3 mg/kg). Low level (3-6 mg/kg), Medium low level (6-10 mg/kg), Medium level (10-
15 mg/kg), Medium high level (15-25 mg/kg), High level (25-45 mg/kg), Very High level (>45 mg/kg) (Soil Analysis
Division, 2001)

K: Very low level (<30 mg/kg), Low level (30-60 mg/kg), Medium level (60-90 mg/kg), High level (90-120
mg/kg), Very High level (:120 mg/kg) (Soil Analysis Division, 2001)

32



Life Sciences and Environment Journal 2024; 25(1): 25-40

Table 3 Heavy metal contamination of paddy soils and rice grains in area of

Phitsanulok province

Heavy metal content (mg/kg)

Rice variety
Pb Cd Cu Zn Mn
Paddy soils
RD41 11.45+3.22¢ 4.70+0.86° 7.25+4.30° 88.78+65.26®  174.26+59.542
RD49 26.48+2.30° 6.27+0.03? 11.20+1.38° 69.70+9.58° 171.95+£2.03°
RD51 3.34+2.30¢ 5.47+0.25° 6.25+0.062 58.38+1.44° 77.58+1.74°
RD79 21.87+0.13° 5.91+0.12° 7.45+0.692 59.70+4.60°  208.88+26.78°
RD89 18.41+1.31P 5.92+0.16° 12.71+0.85° 79.00+2.522  199.44+99.93°
Min.-Max. 1.70-28.11 3.87-6.29 2.37-17.90 27.14-209.74  76.35-240.88
Average+S.D. 13.10+7.78 5.27+0.81 8.49+4.62 72.76+45.4 157.13+£56.54
MAC <400" <707, <762° <417 <36™ <100™ <19,640%
Rice grains
RD41 1.07+1.53? 0.071+0.027¢ 0.88+0.132 0.17+0.02° 26.70+6.11°
RD49 ND? 0.078+0.022°¢ ND? NDP 25.84+3.82°
RD51 ND? 0.091+0.030%° ND? ND® 27.90+0.89°
RD79 ND? 0.100+0.020? 0.39+0.08° NDP 25.73+1.12°
RD89 ND? 0.089+0.044% ND? ND® 21.85+0.34°
Min.-Max. ND-4.64 0.061-0.100 ND-4.03 ND-1.18 19.16-37-87
Average=+S.D. 0.47+1.15 0.079+0.011 0.43+1.07 0.07+0.30 26.63+5.37
MAC <0.24, <58 <0.2%, <0.4® <108 <50% <5P, <5008
Remark  n = 3 plot replications per each rice variety,

Different small lowercase letters within a row indicate significant differences among the

heavy metal contents in different rice varieties (LSD test: P < 0.05)

MAC is maximum allowable concentration (mg/kg)

MAC of soil: *Announcement of the National Environmental Board 2021,

**Land Development Department standard (Soil Analysis Division, 2001),
***WHO standard (WHO, 1996)

MAC of rice grain: “Announcement of the Ministry of Public Health (No. 414)

2020,BFAO/WHO standard (Mao et al., 2019), “ECC standard, PANZECC standard
(Budaraga & Salihat, 2021)
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Figure 1 Bioaccumulation of heavy metals in five rice varieties grown in Phitsanulok

province
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AnssEUsUIwazeINAllf uiau1sndull ande wavkanildeusgemsiylas wunz
agldvinunvgndramsiziiuiilduiu (Land Development Department, 2023) an1widufu

n3A-AunsnUIunans (pH 4.83-7.77) GeflAnadewintu 6.04:0.78 Faegluszduauidunans
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Feflanmdudsifuauunlulssmdlnedlngifuiasendunsa LLGfLﬁa&ﬂuamwﬁﬂﬁiTn
Uiisemesiuandlndanuunananntu sililddarsnduidedfyuaudlonudu
nsaluAuuiily (Kongngoen & Pansiri, 2009) agnslsfiidndnisiasydulaldfnisinining
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dewSeuisutussalulasauluiunluiiuiisy o fasdiuldidnlnginiflulaseu
oglusziua gty futu Prommee et al (2021) wuinUiinalulpsioulufivuives

s 1
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v o
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#mn Fowaz 42.10 1Uusiu 151l Rice Research Institute (2004) leiuugiilladslulnsiou
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Fuuaghetrmviliaifvesiufty el mslanauimundedivannnisiun 1dun neds
wazyis Taglaitenvihans thezsidusnasnsfiamsafunsifivdunietng lulasioulufu
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auysali ud uannsldusslerdanmuudofy drazvilianudosnisnislilewas
nslansauanasld (Ubon et al, 2011) dmiuuSunamoariesadnogluseiuiunn (egfludas
0.52-1.33 findnsuseAlanty) fanafewiniu 0.91:0.24 fadndusenlanty Huflufiduiun
wealaSafisismsdesdinisiamasmomslufulimnzay esandiisnasndssuusn
agldiasguiule drdunndulindnenesnua (Wannasai, 2004) aEiwaif“imuﬁuimﬁﬂﬂﬁmi@m
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Uewoaila Jonenuazfagduriddus Tiiuinlimeiflsaievavesinevnsidelulutaanis
Fuiieamandn yaufdldansuiuusetngaiu wu Yuunda Yurn vielalalud iledieifiuainy
Wuusglevivesdenaamn (Rice Research and Development Office, 2023) @uuuna
Tnunadoulufuuniudaogluszduge-gaunn (egluts 51.33-177.80 fiadn3udedlaniu)
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YosUszimAN LA e wuandasuanions axia >danzdsnewns Jamil et al, 2011)
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0.0374 findnsusiaAlaniu) (Myat Soe et al,, 2023) uenanil Sawuindras 5 aeiusilings
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#1513 LAz INTFIUVR ECC ‘171"ﬁmumvl,ﬂﬁmﬁminﬁmmiﬂuLﬁammmﬁauqqqmﬁhjLﬁu
0.2 findnsu/Alantu sawfensgiuves FAO/WHO fviualy delsfianisudfounanidey
asaalalsitiu 0.4 fadn3udedlansy Fwziuiiivinailifunusinpspuduien iy
nsfnunstud suneadieuludniedmiisuinuenmauadedunaauiioves
Uszinalngdndnisvud ouuanidonad veglurassswing 0.001-0.147 fadnfu/Alaniu
(Wachirawongsakom et al., 2017) il msvudeuuandonluwdadndsinuaenndesiuly
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\Jufiwtidn (phytoremediation) @sagsilsit{uslnadiamudswionsldsunsazaulangmin

ANMsUSIaAdIlA (Phuekvilai et al, 2018)
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