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Abstract: Soil contamination with heavy metals has become a serious threat in the cultivation of medicinal
herbs in recent years. The cultivation of the plant in arsenic (As), lead (Pb) and cadmium (Cd) contaminated
soil not only has adverse effects on their growth but it also harmful to human health after consumption.
Andrographis paniculata (Burm. f.) Wall. ex Nees is one of the important medicinal plants used in preventing
and treating respiratory illness and is known for its anti-viral activity. The purpose of this research was
to study the concentration of heavy metals (Arsenic, Cadmium, Lead) in the A. paniculata growing area,
Nakhon Pathom, at 10 locations. Results of the study revealed that the concentrations of As (7.74 - 18.94
mg/kg), Cd (0.55-1.67 mg/kg) and Pb (3.67 - 72.42 mg/kg) in all soils were lower than the critical value of
soil quality standard for habitat and agriculture according to announcement of the National Environment
Board 2021 and the critical concentration for plant growth. However, the concentration of Pb (6 sites) and
Cd (9 sites) in plant were higher than permissible limits of Announcement of the Ministry of Public Health
2021 and WHO, while the As concentration in plant was within acceptable level. When considering the
proportions of all heavy metals, it was found that Pb concentrations in soil and plants were the highest in all
areas, followed by arsenic and cadmium, respectively. Moreover, the relationships between heavy metals
and soil properties revealed that concentration of Cd (r =-0.835) and Pb (r =-0.547) in soil have moderate
negative relationship with clay content and CEC. Soils with high clay content contained low cadmium and
lead concentration. Additionally, Pb concentration shows a significantly positive correlation with Cd (r =
0.546). When considering the relationship between heavy metals in soil and plants, it was observed that

concentration of As (r=0.573) and Cd (r = 0.361) in plant have significant relationships with soil except Pb.
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This information can be used for planning and developing agricultural management practices for this

medicinal plant cultivation to ensure food safety and to reduce human and environmental health risks.
Keywords: Heavy metals, Andrographis paniculata, medicinal plant, Kamphaeng Saen soil series
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Figure 1. Sampling site and soil series name in Nakhon Pathom province
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Table 1. Chemical properties and concentration of heavy metals in soils and Andrographis paniculata at

Nakhon Pathom province

Site  Depth pH Sand St Clay OM* TN’  AP°  EK'  CEC® As'  Cd® PO
(cm) (%) (mg/kg) cmol/kg (malkg)
P1 0-15 6.4 28.8 388 324 1.79 0.089 183.1 146.3 20.36 15.17  0.55 3.67
15-30 6.7 254 430 316 154 0078 1717 96.23 19.76 1568 0.72  46.02
P2 0-15 6.4 49.1 200 309 157 0.048 167.7  93.86 18.90 7.74 0.99 55.37
15-30 6.4 499 200 301 155 0.043 169.7 95.05 18.43 837 097 27.16
P3 0-15 6.5 288 418 294 093 0.073 2612 46.61 18.44 1471 087 2984
15-30 6.5 268 444 288 097 0062 2571 46.39 17.93 1454 098 4593
P4 0-15 6.2 495 224 281 095 0.092 259.1 46.50 17.98 1460 1.09 4840
15-30 6.2 366 36.0 275 090 0.069 259.7 3536 17.29 1152 1.09 59.45
P5 0-15 5.2 311 420 269 083 0080 2556 35.80 17.12 9.88 0.99 38.80
15-30 4.1 38.1 356 263 087 008 2576 3558 16.87 11.14  0.76 46.34
P6 0-15 6.4 50.7 236 257 150 0.035 117.8 86.67 15.80 10.00 1.00 3297
15-30 6.3 50.1 248 251 144 0.037 1137  87.91 15.48 12.09 119 30.70
P7 0-15 6.2 147 608 245 147 0.091 115.8 87.29 15.94 1206 119 7242
15-30 6.4 15.1 61.0 239 124 0087 1353 90.79 15.54 1205 1.14 63.52
P8 0-15 6.5 268 498 234 124 0.090 1312 9196 15.33 13.92 119 5842
15-30 6.7 26.9 50.2 229 124 0.088 1333  91.37 15.00 1141 125 6323
P9 0-15 6.8 36.1 416 223 184 0.093 3015 1831 14.74 1463 1.37 4791
15-30 6.9 341 442 217 1.84 0040 2974 1817 13.61 18.94 167 5117
P10 0-15 6.3 351 378 271 135 0.080 199.2  90.91 17.18 1252 1.03 43.09
15-30 6.2 336 399 264 129 0.070 1995 84.50 16.66 1286 1.08 48.16
YSoil quality for agriculture (mg/kg) 25 762 800
“Critical soil concentration 20-50 3-8 100-400

"National Environment Board (2021)

2Higher concentrations may be toxic to plants depending on speciation (Alloway, 1995)

“organic matter, Ptotal nitrogen, “available phosphorus,

. h
9cadmium, "lead

uazAzia 55 un./nn. fdadanmdd mﬁugmmqmi
MumﬂﬁuﬁLm:rmmia\nfi’qﬂi"'mﬁ (Land Development
Department, 2015) F9NINHINTFIUAAINAU
desanmaneifuiizedsainalneuuvaanaus
Tang aannisdnsaaaesnsuninensssil lameeu
dnituiezanns 1 lu 3 284tlszwnalng (Department
of Mineral Resources, 2018) m’aﬁmmwﬁummﬁm
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d . e . . f .
exchangeable potassium, “cation exchange capacity, arsenic,

mmmwauﬁl%’ﬂi ‘Emlfl,ﬁlammﬂmﬂ”ﬂ LAY
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'ﬂ‘ﬂﬂi‘ﬁ@"ﬂ@d@’]ﬁ‘ﬂlﬂugﬂ arsenic trioxide mlﬂmymm
AN lENIenIsINERg Wiy esinuda Jeedl uay
H@ﬁm’ﬁﬁmmwﬂumﬂ“ﬂ@:ﬂﬂu IR AL BN FARETEN
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dastniseilunen detinilanenldenadeldiin
nnsdwileulusuls (Boonamnuayvitaya and
Khummalai, 2015) uﬂnq’m‘ﬁ Liu et al. (2005) 918U
41 yaanWfulagdnsuardndUnuuumunuiuily
iteluundefiunudnaeslanzminluaui 4%
NITNEAT AN NTUIRIAIIUY (0-14.1 1n/AN.)
uaz wAALHEN (2.0 to 256.0 1n./nn.) HAngaiiulily
fle@unzelidanniiae Auan 162 Aaaeins Ren et al.
(2019) waz Rostami et al. (2021) 31891491 AN
Liu%’uﬁumma‘wmzmﬁq*l,uﬁuﬁﬁﬁmmwmlﬁm%u
AN 4.81 1 12,94 uaz 26.65 v 37.30 un./nn.
prnaraunasldianeamn uaznisldansindn
Angiailuszazinaiuu inlipnududuasansiy
wmlen uazAzia Wisduann 481 1y 14.15,0.18
111 0.45 uay 26.65 1l 38.08 Un./NN. AINATAL
faudand]euazensiunasinouaidusanisine
HaN@n wiinsldilauazensiunasaianeainuly
sraizenagnnTndzanlavzminluauls (Marrugo-
Negrete et al., 2017)

a d < .
n5atAszviasAlssnay (factor analysis)

N193LATITHRIAUTNa YRR WN BT L
WoANIINTeIANTAN s TAN A AR B UALNg N

AafeN9Aw (Bellehumeur et al.,1994) WU AN
LLﬂiﬂmumm*’ﬁﬂuaﬁuﬁlﬁ?’ﬂ%mﬂﬂﬁwﬁﬂ anatfade
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Figure 2. Factor analysis for the soil properties of whole soil materials (a) distribution of chemical properties
(variables) (b) distribution of soil texture (cases)
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Table 2. Concentration of heavy metals in Andrographis paniculata plants

Location As Cd Pb
(mg/kg)
P1 0.73 0.80 19.96
P2 0.10 0.79 8.91
P3 0.86 0.80 9.96
P4 1.07 0.30 16.78
P5 0.41 1.19 8.90
P6 0.30 1.19 17.81
P7 0.81 1.10 19.94
P8 1.89 1.10 14.93
P9 0.34 1.28 9.86
P10 0.72 0.95 14.12
Ministry of Public Health (2021) 5.0 0.3 10.0
WHO (2007) 0.4 0.3 10.0
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wazuAm R luALLY SAou AN L
arsnyuazuanidanluiinzaalas lnalaniy
u?mmﬁuﬁﬁuﬁqaﬂﬁﬂuéwmﬂmﬂu@u HAou-
Wudureslanzuidn (As, Cd, Pb) agluszigs
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Figure 3. Proportion of heavy metals in topsoil (a) and plant (b) and distribution of As, Cd and Pb in topsoil
(c, e, g) and plant (d, f, h) of Nakhon Pathom province
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Figure 3. Proportion of heavy metals in topsoil (a) and plant (b) and distribution of As, Cd and Pb in topsoil
(c, e, g) and plant (d, f, h) of Nakhon Pathom province
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