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Abstract

The purpose of this research was to assess the heavy metal contaminations in
water used for paddy cultivation in Phitsanulok Province. The total of 60 water samples
were randomly collected from groundwater pumped to use in the paddy fields of 30
farmers and irrigation water pumped to use in the paddy fields of 30 farmers.
Contaminations of lead, cadmium, copper, zinc, manganese and iron in water samples
were analyzed by atomic absorption spectrometer. The results revealed that most of
irrigation water used for paddy cultivation contaminated more heavy metal contents
than the groundwater. The irrigation water was contaminated with the highest iron
content, followed by manganese, zinc, lead, cadmium and copper with average values
of 8.606+2.883, 0.662+0.516, 0.351+0.399, 0.097+0.085, 0.050+0.010 and 0.020+0.018
me/L, respectively, which is considered to be within the Pollution Control Department's
standard for agricultural use, but the average cadmium content exceeded the irrigation
water standard for agriculture of Office of the Royal Development Projects Board (RDPB)
and FAQ. The groundwater pumped for paddy cultivation also had the highest iron
contamination, followed by manganese, lead, zinc, copper and cadmium, with average
values of 2.820+3.468, 0.816+0.932, 0.248+0.190, 0.142+0.239, 0.009+0.024 and
0.001+£0.002 mg/L, respectively, which was not higher than the standard of RDPB and
the groundwater standards for consumption of the Department of Groundwater

Resources and NCAC, except for lead contamination.

Keywords: Irrigation water, Groundwater, Contamination, Heavy metal, Paddy field

310



Life Sciences and Environment Journal 2023; 24(2): 309-326

umin

FrudududinuasdissnvdnuesUszinaiinseunquiuiinzgnuiniian @y
Sovar 46.1 Tosfiuiinunsimunvesszing uazUsunalnedndudadsesndnlfbus i 3
vaslanluilagiiu (Office of Agricultural Economics, 2021) Tnedaninfwalandudmiands
Tuwanamiloneuasiifituiivangaudmsumshnsinues Inednieldindufinesusia

v U W

dAgydudu 1 lunduiminniamilensuans Fadwminnuvalaniiunugndiuasnandndriu

o

o ~

USsgengndneie Iﬂﬂﬁﬁuﬁﬂ@ﬂ‘ﬁ’]’m’]ﬂ 1,339,068 15 Tvinandn 736,832 ¢y LLazﬁﬁuﬁUQﬂﬁn
uU$s 844,203 15 Winandn 558,955 fu d1n3edaldindundnfusiiddgmaassgiaves
ﬁ'ﬂ‘ifi’ﬁ'ﬂﬁwmiaﬂ (The Office of Strategy Management : Lower Northern Provincial Cluster 1,
2021) il nszualuilagtuuazeunan anudosnisvesserinsveslanuasvasineviuuly
anuaulalunsuilanemaiiteguaim evnsidanuvaenss iunsyurunssaniiduing
fudmanden faunmldasgiuana deluulinveedaduuniu Tnsdsemalngldidd
Juaundnuetesdnisnmsdilan (World Trade Organization: WTO) fifinsUsduldanunnas
ﬁﬂuqmamﬁ'ﬂ LLazqsuamﬁEJﬁ‘U (Agreement on The Application of Sanitary and Phytosanitary
Measures: SPS) lafimusliusemnesing q TiumsmsdmunasgiukazanuUaenieans muax
N5 999nLazU LT 1A UALNBATLAZDI11S (National Bureau of Agriculture Commodity and
Food Standards, 2015) $5unaléimunuleuisanuuasnsefiuemisiiieliomsinanuay
vslnanelulssmaiinulasndonaslauinsgiuiaiisuaina In1sduasun1sndn n1swys
sUFuA s ieadeyariuawszuuanudasadonaglinnsgiu egralsiniu wande
mamsinwasinunnludagdudsUszauiutiam Tsa wias uazansiivaniaiueaasgud
Avun (Maximum Residue Limits: MRL) (Phoket et al., 2016)
ihanlghiunumitugiulunssuaunsmassdlafiuasduadl muddaduganismdn
iuﬂﬁﬁwwml,azmuauaaﬁﬂisﬂaumﬂLﬂﬁﬁ'muﬁauaaﬂuiwwmﬁﬂui’g%ﬂi 2N1A WAZAUY
Imauaﬁwmqﬁ’]mﬂmiﬂmﬁauiawwﬂ'mfuLﬂuﬁ%ﬁ’aﬁ’lﬁ’fﬂmdmﬁifﬁmﬁLLazqmm‘w
Aauandon (Abdullah & Hussain, 2016) Fslaveuiiniiegludawandesliansadesaanelsni
Fnmuaefindsdinlunsgosamensiinindidendiseniuiy uasdidilemarzanlusyuuviag
Teo1vsuardIunieg ¥e9313n18 (Muhammad et al, 2011) & lanegniinuisvdadisnny
Uuidevlunandamemsineas wu daned uaeilen e waznesuas (Kachenko and Singh,
2006) Fsilafewisfidmarilinandnanansineasinnsiudoulanewinld e thildlu
msineas tnefiiuunldisenuiivandiiuinindusnsilsiadyiivlaniemsayeay

TavguinluAunaranenenludsruunielga1ms Wi Radwan & Salama (2006) kag Khan et al.

311



Life Sciences and Environment Journal 2023; 24(2): 309-326
|
(2008) mMsazaulavgninluAuiivagndunasiunsgIuniamguanuideainssuy
gausgmulaviliinnsuuleulunandnnemsinunsivgnluiunnfuildindng1s Fenns
Yulaulaneninluonsidusuagusnluiuanuvasasiowazannmuse1mns Wefiansan

== a

fanszvaunmandndnagdiuldinsnidudeddinlunmaaidssiudnlunishuniounn
Fumeu Tnsuwinlugnisiuusdnsldihsauseniuaie 1,065.9 gnuiadumssels
Tusmgitumitudinsldih 960 gnuiadiumseels dwsuwdidingldin 1,140 gnuradims
sols Feaefinsszuisthundilusvasulunaiedunou 1wy mawieuuvastadloun magua
Snwdunaauisszaudneenaen nMsguasnuauimluszezauinesnnenisszezaudlgn
winaziiuiien iudu (Pollution Control Department, 2011) ety winididanldlunns
yuninisuudoulaveniinlulfinaigeifienudulldgeiionianisazalangminluiiu

(%

ﬁaum‘ﬁumiﬁmﬂﬂ (Nouri et al, 2008; Abdullah and Hussai, 2016; Chaoua et al., 2019)

v
o = =

faty ITetIEnwnan s deulaneninlutdmsunistalunisyiunlunug

1
P

v w A a Y v o & a v
"’_\NWTJWWU@Iaﬂ LW@I%LUU%@NaWuﬁWUIUﬂ']T]'NLLNuﬂrﬁ{]@Qﬂuﬂ’]3‘UuLﬂaua’ﬁW1ﬂ1uuqﬁuTﬁLLa$

U o«

a v Ay

nandnd weidunisimuinisndsdnluiuidmifivalanifidrduiivasugiandnlid
AN MALALIRSEIL Uaeadesenisuslan wagmsndaidudnsivdswinden suazidunis
gnszAuRunntingliiegMslusedu Standard quality, Premium quality wag Luxury quality

sl FazdunsduaSuanudeiuluaunnvesdnasrensdeenselulueuian

A/ANTUNITIVY
ﬁuﬁﬁnmumnejuﬁ’aae}w
mMsAnERumsAuieghuinauazinlussusaUsy Uil ddmdunsyu
EUENLﬂwmﬂﬂuﬁuﬁﬁwi’mﬁm@aﬂ TouA SnensURIIN 81LNBUNNTEM BLneliias 8unels
83 SnneuNNIEY SunaLiuuzUse uarsnnataluad Insduiuirediahuiaaaini
Tlunasunveaneasnssiuiu 30 519 waziegsinlussuusalsemuaninildlunyasmn
YBAAWATNTINUIY 30 578 TAudeethdmsutniasigsinanun 60 1081 faudns

fvgsvesanuliumegslunIng 1-2 (Figures 1-2)

312



Life Sciences and Environment Journal 2023; 24(2): 309-326

Figure 1 Example of pumped groundwater sampling sites used for paddy cultivation

in Phitsanulok province

Figure 2 Example of irrigation water sampling sites used for paddy cultivation in
Phitsanulok province (A) irrigation canal system (B) sub-canal for water

delivery that is transmitted from the irrigation canal system
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Figure 3  The amounts of lead contamination in irrigation and ground water for paddy

fields usage in Phitsanulok province
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Figure 4  The amounts of cadmium contamination in irrigation and ground water for

paddy fields usage in Phitsanulok province
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Figure 5 The amounts of copper contamination in irrigation and ground water for

paddy fields usage in Phitsanulok province
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Figure 6  The amounts of zinc contamination in irrigation and ground water for paddy

fields usage in Phitsanulok province
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Figure 7 The amounts of manganese contamination in irrigation and ground water for

paddy fields usage in Phitsanulok province
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Figure 8  The amounts of iron contamination in irrigation and ground water for paddy

fields usage in Phitsanulok province
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Table 1 Heavy metal contents of irrigation water used in paddy fields in Phitsanulok

Sample Heavy metal contaminated water for paddy field usage (mg/L) (n=3)
No. Pb Cd Cu Zn Mn Fe
1 0.073+0.015  0.047+0.006 0.012+0.004 0.062+0.070 0.119+0.0371  2.126+0.522
2 ND 0.051+0.004 0.001+0.0003 0.341+0.070 0.464+0.0253  4.740+0.495
3 ND 0.051+0.003 0.013+0.003 0.040+0.046 0.117+0.015 3.471+0.092
4 0.007+0.004  0.049+0.004 ND 0.044+0.016 0.071+0.002 1.889+0.317
5 0.044+0.037 0.054+0.006 0.025+0.014 0.084+0.007 0.461+0.026 8.688+0.057
6 0.089+0.010 0.054+0.006 0.034+0.015 0.126+0.010 0.662+0.062  10.960+0.440
7 0.112+0.068  0.055+0.004 0.045+0.0051 0.063+0.014 0.826+0.045  10.725+0.284
8 0.079+£0.002  0.057+0.008 0.036+0.018 0.184+0.058 0.882+0.086  10.353+0.984
9 0.019+0.00629  0.051+0.006 0.041+0.002 0.035+0.008 0.404+0.0462  8.611+1.432
10 0.069+0.016 ~ 0.058+0.011 0.044+0.037 0.060+0.029 0.643+0.102  11.341+0.401
11 0.121+0.067 0.055+0.005 0.011+0.004 0.106+0.005 0.596+0.022  10.152+0.067
12 0.072+0.038 0.054+0.010 0.014+0.007 0.086+0.005 0.527+0.028  10.856+0.668
13 0.039+0.009 0.060+0.006 0.017+0.005 0.085+0.006 0.460+0.024 7.751+0.190
14 0.090+0.022 0.060+0.005 0.014+0.003 0.285+0.041 0.206+0.003 3.221+0.042
15 0.088+0.009  0.063+0.002 0.011+0.003 0.043+0.006 0.428+0.051  9.276+0.484
16 0.045+0.021  0.059+0.007 0.020+0.006 0.128+0.020 0.186+0.063  9.184+0.039
17 0.082+0.028  0.060+0.004 0.010+0.003 0.205+0.006 1.162+0.025  9.973+0.519
18 0.148+0.016 ~ 0.060+0.002 0.018+0.001 0.068+0.026 0.563+0.033  11.811+0.532
19 0.085+0.042 0.057+0.004 0.001+0.0003 1.163+0.191 2.023+0.012 5.800+0.429
20 0.141+0.032 0.058+0.008 0.071+0.004 0.753+0.463 2.105+0.016  11.145+0.212
21 0.077+0.023 0.061+0.004 0.007+0.002 0.325+0.078 0.785+0.050  10.606+0.523
22 0.074+0.009 0.069+0.011 0.018+0.002 0.484+0.202 0.995+0.434 7.866+0.080
23 0.071+0.009  0.063+0.002 0.007+0.001 0.369+0.045 1.674+0.363  9.639+0.335
24 0.139+0.067  0.032+0.001 0.068+0.012 0.939+0.380 1.135+0.287  8.062+1.916
25 0.053+0.017  0.039+0.006 0.008+0.002 0.455+0.0436 0.352+0.066 ~ 8.274+0.435
26 0.363+0.149  0.041+0.002 0.009+0.002 1.119+0.081 0.467+0.022  10.786+0.466
27 0.126+0.056 0.038+0.005 0.017+0.002 1.421+0.845 0.439+0.153  12.113+0.518
28 0.114+0.052 0.039+0.006 0.007+0.001 0.040+0.002 0.347+0.061 9.306+0.356
29 0.381+0.356 0.038+0.006 0.006+0.001 1.017+0.456 0.403+0.063  10.544+0.030
30 0.115+0.068 0.030+0.007 0.010+0.002 0.409+0.069 0.348+0.026 8.925+1.036
Min.-Max. ND-0.381 0.030-0.069 ND-0.071 0.035-1.421 0.071-2.105  1.889-12.113
Averaged 0.097+0.085  0.050+0.010 0.020+0.018 0.351+0.399 0.662+0.516  8.606+2.883
FAO std.* 5.00 0.01 0.20 2.00 0.20 5.0
PCD std.** 0.05 0.05 0.10 1.00 1.00 -
RDPB 0.10 0.03 1.00 5.00 5.00 -
Remarks  * lrrigation water quality standard of FAO

The Type Il of The Surface Water Standard for agriculture use set by Pollution Control
Department (PCD) of Thailand (Pollution Control Department, 2023)

Irrigation water quality standard for agriculture use (Office of the Royal Development Projects
Board (RDPB), 2023)

ND is non-detected
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Table 2 Heavy metal contents of ground water used in paddy fields in Phitsanulok

Sample Heavy metal contaminated water for paddy field usage (mg/L) (n=3)
No. Pb Cd Cu Zn Mn Fe
1 0.046+0.016  0.005+0.003 0.102+0.020 0.070+£0.016 ~ 2.534+0.152  7.387+0.145
2 0.133+£0.076  0.005+0.002 0.005+0.001 0.145+0.111  0.913+0.112  6.513+0.262
3 ND 0.006+0.001 0.004+0.001 0.067+0.012 2.552+0.99  11.946+0.340
4 ND 0.005+0.003 0.014+0.004 0.102+£0.025  0.228+0.166  2.318+0.167
5 0.030+0.021 ND 0.001+0.001 0.017+0.003 2.443+0.068 1.262+0.954
6 ND ND 0.001 0.030+0.002 2.078+0.097 5.986+0.772
7 ND ND ND 0.022+0.002 ND 0.083+0.016
8 ND ND 0.005+0.001 0.040+0.010 0.544+0.092 1.081+0.006
9 0.065+0.052 ND ND 0.012+£0.005  2.309+0.238  1.183+0.040
10 0.065+0.004 ND ND 0.034+0.011  0.013+0.002 0.724+0.144
11 0.092+0.012 ND ND 0.058+0.013  1.238+0.071  9.555+0.381
12 0.106+0.040 ND 0.009+0.004 0.021+£0.002  0.013+0.003  0.133+0.159
13 0.202+0.023 ND 0.001+0.001 0.064+0.007 1.955+0.275 1.627+0.371
14 0.206+0.019 ND 0.001+0.001 0.014+0.002 ND 0.164+0.039
15 0.292+0.016 ND 0.002+0.001 1.241+0.034¢  0.563+0.029  9.375+0.287
16 0.297+0.029 ND ND 0.017+0.001 0.594+0.092 0.117+0.043
17 0.289+0.018 ND ND 0.036+£0.007  0.016+0.011  0.542+0.668
18 0.342+0.026 ND ND 0.271+0.066 ND 0.647+0.060
19 0.349+0.021 ND ND 0.340+0.021  1.600+0.031  1.371+0.091
20 0.429+0.030 ND 0.014+0.006 0.252+0.011  0.584+0.071  0.065+0.006
21 0.607+0.082 ND 0.004+0.001 0.334+0.023 0.654+0.017  4.828+0.850
22 0.389+0.012 ND 0.001+0.001 0.009+0.005 0.724+0.036  0.184+0.012
23 0.540+0.052 ND 0.092+0.008 0.155+0.005 ND 0.363+0.064
24 0.495+0.015 ND 0.009+0.001 0.390+0.006 ND 0.093+0.003
25 0.379+0.015 ND ND 0.005 ND ND
26 0.379+0.019 ND 0.011+0.001 0.060+0.010  2.333+0.144  3.154+0.125
24 0.400+0.008 ND ND 0.340+0.003  0.318+0.002 0.917+0.119
28 0.441+0.056 ND ND 0.015+£0.003  0.133+0.017 4.313+0.231
29 0.437+0.007 ND ND 0.040+0.003 ND 0.662+0.063
30 0.438+0.029 ND ND 0.051+0.016 0.145+0.006  7.999+0.304
Min.-Max. ND-0.607 ND-0.006 ND-0.102 ND-1.241 ND-2.552 ND-11.946
Averaged 0.248+0.190  0.001+0.002 0.009+0.024 0.142+0.239  0.816+0.932  2.820+3.468
DGR std.* 0.05 0.01 1.00 15 0.5 1
NCAC std.** 0.05 0.05 0.10 1.00 1.00 -
RDPB 0.10 0.03 1.00 5.00 5.00 -

Remarks  *  Groundwater quality standard set by Department of Groundwater Resources (DGR) (Maximum
allowance) (Bureau of Groundwater Resources Region 8 (Ratchaburi), 2023)
**  Groundwater quality standard set by North Carolina Environmental Quality (NCAQ)
(15A.NCAC.02L.0202) (North Carolina Environmental Quality, 2023)
*** |migation water quality standard for agriculture use (Office of the Royal Development Projects Board

(RDPB), 2023), ND is non-detected
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Table 3 The different of heavy metal contents in irrigation water and ground water

used in paddy fields in Phitsanulok

Heavy metal in water Heavy metal contents T-Test
Mean+S.D. (mg/L) Mean difference t-value p-value

Pb
Irrigation water 0.10+0.08 -0.15 -3.98 .000*
Ground water 0.25+0.19

Cd
Irrigation water 0.052+0.098 0.04 11.39 .000*
Ground water 0.007+0.019

Cu
Irrigation water 0.019+0.018 0.01 1.92 .060
Ground water 0.009+0.024

Zn
Irrigation water 0.35+0.39 0.21 247 .017*
Ground water 0.14+0.24

Mn
Irrigation water 0.66+0.52 -0.15 -0.79 431
Ground water 0.82+0.93

Fe
Irrigation water 8.61+2.88 5.79 7.03 .000*
Ground water 2.82+3.47

Remarks n = 30 irrigation water samples and 30 ground water samples, * significant at 0.05 level
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