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Determination of heavy metal accumulation in lichen by ICP-MS
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ABSTRACT

The purpose of this research was to study the accumulation of heavy metals in lichen Parmotrema
tinctorum collected from Khao Yai National Park in Nakhon Ratchasima Province and Queen Sirikit Botanic
Garden in Chiang Mai Province. The lichen samples were collected in two seasons: the middle of a dry season
(between winter and summer) and the middle of rainy season. The heavy metals were determined by inductively
coupled plasma mass spectrometry (ICP-MS) using wet digestion for sample preparation. The samples were
digested in concentrated nitric acid. The heavy metals are trace metals in lichens such as Ti V Cr Co Ni Cu Zn As
Se Mo Cd Sb and Pb. The method was validated by spiking standard solution of heavy metal ions into lichen
and certified reference material (CRM) of lichen no. BCR 482 was used as quality assurance. The results
showed that the percentage of recovery for each heavy metals in spiked lichen was more than 95% and the
accuracy of CRM has the relative error of each heavy metals lower than 5 %. In a dry season, lichen from
both of Khao Yai National Park and Queen Sirikit Botanic Garden showed higher metal accumulation than
that in a rainy season. It was found that the coefficient of variation of heavy metals in lichen from Khao Yai
National Park gave higher value than Queen Sirikit Botanic Garden. While the average amount of heavy metals
from Queen Sirikit Botanic garden is higher than that from Khao Yai National Park. The statistical analysis
was to compare the mean of the accumulation of heavy metals in lichen between the same location, but the
different season and the same season, but different locations. The results showed that the accumulation of all
heavy metals except Se and Sb at Queen Sirikit Botanical Garden were statistically significantly different at
the 95 % confidence level. Khao Yai National Park was also showed the accumulation of all heavy metals
were statistically significantly different at the 95 % confidence level except me. The result of the accumulation
in the same season but different locations was shown that both the dry season and rainy season gave the
same heavy metals, V Cr Ni Cd and Pb which were statistically significant difference at 95% confidence level
and Queen Sirikit Botanical Garden gave higher metal accumulation than Khao Yai National Park except V,

whereas the other metals did not evidence the difference.

Keywords : ICP-MS, lichen, heavy metal
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KD5.4 KW54 N 14° 25 15.05" E 101° 22 26.26”
KD5.5 KW55 N 14° 25 16.26" E 101° 22 26.47”
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1. @ns1nisinldlsldv o359 AW
(Method Validation)

nagaun13i lUlg lean1annsiaszing
Ysunmlanzwin 13 Tfievesaiasile ICP-MS
PerkinElmer's NexlON 300Q lagldansuniasgiu
NENVRd beaaulanzwiin 21 wHavad PerkinElmer
Number: N9300281 @38 IAZAEANATIIWAR
ANUTUTUAS 9 6 TeaU Tutr9aNUTNT® 5 — 160
uoll Tasldsindseaanlessuidananudiwnm
¥1nni1 18.0 MQem  lunsideans wazlsidu

MIRCNUULMA FMTIAUURIARANE 9 a3d (N = 10)
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Lﬁagﬁw background yagmyiauazandosium
mmgﬁumadmﬁfﬂﬁ (S.D.) in1TIaA1ENT
ANATPIMAETINTINNATT U uazTanuTudy
maaa’mmmg’mﬁ 40 g/l L1NaNIuFaLAINY
gﬂﬁaamaamﬂmﬁuﬁuﬁfﬂﬁ WazANNLTIEITaIMT
10 ®1A19AsINATBINITATINIG (LOD = 3SD/b)
Fadrnaarslunisiwnsinidsenm LoQ =
10SD/b) Ba9LAS ICP-MS

2. Ansamsfimancanlumsgadaogng

innnsnaasdlasldlaiau Parmotrema
tinctorum T AvLenuN@19wn 1E3ENTe3sLUL

WEINUAIDENNANE  WAIGIAUNITANEIRN
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A

gnMziwmanzaylasifan b ldsunsnn sl aunnd

2091389 block digestion AsiluaawSudulnasit
SuduA 120 °C, @31 3LAY 3 °C/min B9 150 °C,
a97l 5 Falus udUsudsunniasang 9 e
wignzfmanzanleun anutuduasnsafils
lanasaslinialuadnidudu waznsaluaSndutu
6 M annsintSuLasulsunmnsa 1,2,3,4u8c5
JaRaay ﬁwmiﬂ%'uqm%n“ﬁ@”af‘: 130, 140, 150,
160 waz 170 °C Usunaildlunnsdasasit 60,
90, 120, 150 uaz 180 w17l lasdeniaunlunlw
Usmnulanzniin (ug/g) lulaaugaga NSy
U3uNe18819 0.05, 0.1, 0.15, 0.20 LAz 0.25 NTA
I@mﬁaﬂﬁ%mmﬁﬁﬁuﬁmLuuuﬂmgwué‘uw”"nﬂu
mﬁ@ﬁaﬁﬁqﬂ Weldanznisnasasiiwanzay
lvvirn1snasauni1sinluldldvesitnsdesn
fag19laudnudasINauedIn1INITIITAVBINNT
L@Suu@A288149 (LOD,) 3N1NNNTIALLAIAVAINTT
LASENEI8EN9 ANEIANALTEY (precision) 2NN
1laan Parmotrema tinctorum ﬁ’m’]ﬁm‘i’]:ﬁ%ﬁ
7 059 URLANE3oUAzYBININALAN (% recovery)
97 spike  asanaspulanznsinaslulaiaud
ANULTNTH 3 5261 udazITR LA NTUINEY 7
33 fwiunsAnmAugndad (accuracy) LAz
UsznuamnInedibmsialuualadnasieitms
dasidan ﬁﬂmimﬂmﬂ’ﬁi‘aqﬁwﬁaﬁ{maam
(CRM lichen no. BCR 482) ¥iNMIALATILH LaImn
dranugndaslasnonmduddefiaudainy
AANAIAFNANT

3. MIasNAatIEInILI N HeIT
ICP-MS

inemagneuiuanislwusts 24 Falas ¥
ANNETDNN LD ILAH UK fuuazianlinaauiaon
Ihvue vamadsliazidoalululasiawnad lag
l8lnssuanasoian ualITaumIBaAzLATITaUTING
500 um Lﬁuéharhﬂuingmmm%mﬂﬁﬁmﬁﬂ
aef Tasmathefuaszdoalldinminuines
Uszanme 0.2 n3u ldlu digestion tube LANNIAlUASA
e 2 a8anT eslusunsumsdasidnsnldann

18 3.2.2 inmsdasanlamtazanela nsasansazany
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drogantadlofsduaniususiialusauswia 0.2
pm wiandsudSunasluviatadsunasawia 10
fasans dnasazatsaladvaamdsfigaies
ICP-MS fiUSunfitaasans § manzaanazasg
NIMNIAIZINIBUTOBURAD weaza8819vINT
ST 3 A9 doarianIazaIULAIAEIEYN
avalumIaTouTIaNInoNT AR ULAIR USunm
TangnnnlwlaiaudoUsunaiseszfldaudioe

&
LLLURIA

NAN13228

1. math g ldvesitians# (Method
Validation)

mnagaun s lWlglan1ensieseyt
wilSunmlanswin 13 afie va9a5eiia ICP-MS
PerkinElmer's NexION 300Q Wui@das1navad
mM3a37930 (LOD) vaslosautis 13 wia agluzag
0.001 — 0.069 ug/L %a@h@ﬁ’]q@ﬁammm Sh ua
Argiganaciuad Cr ANNFNNUTLTILaUT AN
sudszAndansunus () ¥nnin 0997 lumia
AENTAEANTRALALITUEN 10 ASINUINAINULTAE
Idudssiunuiasgiuduinslaiv 5% uaz
ANuDNdIINMTIaFIREAuTY 40 pg/l {
Aru1nnin 96% ugaslwiininieias ICP-MS
au1sadanziusunalesaulansninluszay
ug/L Ifasnsinigede

2. MILAILUAIBENY (Sample Preparation)

nansEnEan s InzaN TS
dregnslagisnsdedonnuindewlafimunsan
2oaLA389 block digestion Aa (5uduA 120 °C, a3
M3y 3 °C/min @9 150 °C, a9 150 wvi lagls
N30 WaSANTY 2 TaRaaT PUINe8819 0.2 NI

lumsnaseunsinldl g levesisnstes
gratdtatan lasvinnsdnsidasinavesnis
@3197@ (LOD,) AuLfE (precision) Was3auas
PaININAUAK (%recovery) WUINTAINNAUEINTT
asalaneninns 13 sialulaiauiivianmas
T41249 0.002 — 1.145 uglg dw  FaNUAEITaIN3

AT H LaLAw b NaNad %RSD 1wt 1.60 —
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5.16% Wazdlifn3a8asuaIN1INaUAKINNNNT spike
msmmgmiamwﬁfﬂﬂ&a 3 JTAUANNTNTUAS 5,
40 uaz 160 pg/L agflugay 86.03 — 100.89 % 9z
winlailansninnnafiafidfosazvesnmIndufn
NINNT 85% LEAIINNITLAIBNAR8E196283DMT
dasidunaunsataunlfiasonaladgelataule
fnTUNIANIIANONEDY  (accuracy) VBINNT
W@IBNAeg19a83 M Itasdun mﬂmﬂ"ﬁi’a@;
8198990784961 (CRM lichen no. BCR 482) wuin
dudasiaudanufanaaduinivaslansyndailu
CRM @8 Cr Ni Cu Zn As Cd Pb Al uaz Hg 'lajtfin
5%

WRZATIATIER Laveniinda835 ICP-MS sunInld

o ad a s ] ad 1
LRAIINIDEATIBUAT E]U'NI@’I eaTnsdesdan

lunsersilanzuninlulaanlad

3. HAMTAATILA 8L (Sample analysis)

Lfiaﬁwamﬁmﬁ:ﬁnﬂgwammm@maa
LL@iazamuﬁl,l,a:l,wia:ngmmmmﬁmm:mm
fuUssEntuesaiundsUion (coefficient of
variation, CV) wudrenuudsUyinvaslansiiain
wnﬂwma@]{auLﬁaws:maLﬁﬁﬁ%ﬁﬁrlummguﬁaﬁ
dnagflutae 30.8% — 75.0% Tavzfiudssudon
'ﬁ'q@ﬁa As mﬂ‘ﬁ'q@ﬁa Mo naruatilugai 16.6%
— 60.0% Iamﬁuﬂiﬂsmﬁaﬂﬁqﬂﬁa Zn mﬂﬁq@
fa Mo LLa:ﬁqﬂmuuﬁqmﬁmﬂmﬁlumm@LLa”aagj
lus29 11.1% — 100.0% Iamﬁuﬂsﬂmuﬁasﬁqﬂ
fla Ccd mﬂ‘ﬁq@ﬁa Sb ngruatluzag 19.5% — 106.3%
Iamﬁl,l,ﬂiﬂi'suﬁaﬂﬁqﬂﬁa Pb mﬂﬁq@ﬁa Co a2
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0.40
uglg 0.30 20 %
7 a0
0.20 7o % o
=17 % e
0.10 0 % 04
0.00 7B )
v Co As Se Mo Cd Sh
Metal
25.00
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15.00
ug'g
10.00 A0
15 % KD
[x}
R.00 24 0 146 % 16 % 106 %
Ti cr Mi Cu n =
Metal

P = = a .:i .:i ' & 3 v anas”
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0.20 A
7 -158 %
015 4 =g
NE
‘q=
‘\"E 33 % 39 %
pglg 0.10 ".,:E 23 %
N o
NE
0.05 h; B KW
‘s; 28 % 2 %
NE
W Co As Se Ma Cd Sh
Metal
2000 -
1500 4
uglg 10.00 -
N QW
5.00 | _ogog B KW
1319 23gos o9 143 %
00 M o = & Ng
Ti Cr i Cu n Pa
Metal

P a a a a o A ' 4 = v anas’
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2000 A
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5.00 - 138 o 5 B9 %
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ao0 Lk = [k | ”-IE
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P = = a a o A . o v d =
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fuaznaangruiigneuurimaaning

4. MYNATLANIEDA (Statistical analysis)
A a & a a
WadINanIII AT 1T NS UL U
' A @ ' A A

dafuvadlansninudacsianazanlnlatan

= v Aanas’ o

AT NRIBNNEAIFATRULAINITTUILINFING nu
anouwuwismdanlnglundaznglasldlsunsy
SPSS for Windows version 17 nsiUSsuwiisy
A a (% ' b = a .
amwnmmﬂmmmmghmﬂﬂsﬂumuuu,uu pair

' a a a >

sample t-Test #2un13tUTouLisungLiduan
UANANIRDVUIA LT independent sample t-Test Nafl
1auaa sl M AnINa10819MN1NIDIRALADIN LA
] U AAAA‘
@9NQINFIUNNBANFATFULAINTEWLIFIAG
Iam%ﬁ'nLﬁaunnmﬁﬂﬁmmmwﬁLmﬂ@han”u
agelnpiaynivaianszaualuiula 95%
oniiu Se uaz Sb Ngnuuurszdianlng i

L“ﬁuLﬁmﬁ'uIa%mﬁfnLﬁaunnmﬁ@ﬁmia:auﬁ
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wandninuadnsfitbidynesianszauanudule
95% it Mo wsumadSouifsunsazanlu
qgﬁmn”mwi@hoamuﬁ Wudﬂu‘*ﬁwﬂmm@uﬁa
Tanzwinfiszauuanednsnuanadvoidnfiszey
ANuIRlD 95% ITMIFIUNGNBAFATANLA
WITWLNESAA Hu aneuuiImdnlng fa v
Cr Ni Cd uaz Pb lagilusungnumaniauiss
wszmaLﬁﬂﬁ%ﬁﬁ?ﬁﬂ%mmmﬂﬂhﬁqﬂmuuﬁa"ma
anlg) onciw v Aidiasn saudaneningug luanen
ﬁm%’ﬂu‘*ﬁ’mﬂmmgNuiamvsﬁfﬂﬁ'azaume@haﬁ'u
atnsfiidnfiszauanuiula 95% szninaaan
WONBAEASANLEINITUIILIAFIAG AUNeIn
wism@inlng fe v Cr Ni Cu Cd uaz Pb laii
lusrungneaans o ﬁﬂ%mmmnn'jﬂ‘ﬁ'qﬂmu
wisrdwlng sndu v Afidesndn  dulans
wiinou 9 liuandns anduldinlansmini S maseay
LANANN U BN NEFNERS S AN T MR TRS A6
ﬂ“'uq‘nmuum"mﬁmlmyﬁmﬁauﬁ'uﬁ?qaaquﬁa Y
Cr Ni Cd uaz Pb dsziliuldinamuwngnuemaas
mJLa’ﬂWizu’ldLiﬁﬁ%ﬁa{LLatq“nﬂ’]uLLﬁd“ﬁ’]ﬁL“ﬂ’]l‘lﬁ@:ﬁ
USunm V Cr Ni Cd uaz Pb luussonmauanadnani

Wafnmanuaunusvaslansninudaz
shanazaalulaiananagulssins anaunug
W EISEW (Pearson corelations) wuiﬂuﬁwnmm@uéﬁ
AEIWNONHANEATTULEINTTUNIL3NESAG 1
ANNFNNBSIzIN9lane Pb AU Mo WAz Se NU As
mﬂﬁq@ Tapfanaulsansanaunwus (r) muse
739 0.783 waz 0.741 i p < 0.01 dwiuluzranans
ﬂ@t\luﬁ'muwmwmﬁm{ FUGANTZWEN TG &
mmé’uw”ufmaﬂam%ﬁfﬂnﬂmﬁm‘iﬂﬂi'} 05 lao
Iam‘ﬁﬁm'lué‘uw“’uﬁn”umﬂﬁq@ﬁamq As NU Ti §
FauUsE AN ERAUAUS (1) AL — 0.481 &R
qwmuw‘amamlmyﬂuﬁwﬂmmg]LLé”a WU
Tanzdulngfanudunusin  Taslanewindis
AMUTNRUT UL RS FNU T ANTERTUNUS (1)
W29 0.412 - 492 (p <0.05) Wz 0.523 - 0.923 (p <0.01)
Iamﬂﬁfﬂ‘ﬁ'ﬁmmﬁ'ww”uﬁﬁ'umnﬁqaﬁ p <0.05 A
Pb 1 Sb ua p <0.01 fia As i Se laviewindi i

o o § o A A . Al .
ﬂ']ﬂllﬁ&lwuﬁﬂllﬁq(ﬂﬂu gaaTi lumm:ﬂiu‘m\mmd
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wWisuifisuiusznivanunlugiigguiwudng
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ya9USunmlane Ti Cr Ni Cu Zn As Cd Pb uaz Sb
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=3 £ AAAA‘
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uasfignenuursmdionnafgudaiung lane
wikninawuy il edl seEMT uand et el Tud A Y
masfanszauanusiule 95% aniu Mo & msy
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wuim&ﬂuﬁaanmm@LLﬁaLLaznmaquﬂamﬁﬁfﬂ
fiszauuandsnuadnafitoidniiszauanuiula
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Augnemuwien@antng dulsveriiodeniu fa v erNi
Cd us Pb laesii lusnunenienaes sud aws g a3 ne.
ﬁﬂ‘%mmmﬂﬂdwﬁ'qﬂmuuﬁa"mamﬂ%qj AN V
Afikeundt sawlanznindug liuand1s Uvszudiu
@ sIungnEmaassuLfanIzuasFsAG uas
anuuism@ningdu3nnm v Cr Ni Cd uaz Pb
Tuussemeananeanani Wiefnmenusunuives
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RRFUNUTLNDTTU (Pearson correlations) WU
lugrenasgquatlanzazfienudunusnuanniy
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