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Abstract

In this work, an efficient and reliable ultrasound-assisted digestion (UAD) procedure was
proposed for sample preparation prior to quantitative determination of Cd and Pb
contaminants in edible seaweeds using flame atomic absorption spectrometry (FAAS). The
digestion parameters such as type of oxidant, sample mass, pre-sonication time, sonication
time and digestion temperature were optimized. The efficiency of the proposed UAD procedure
was evaluated by comparing with conventional acid digestion procedure. For FAAS analysis,
the linear range of 0 — 0.25 mg/L for Cd and 0 — 1.0 mg/L for Pb were obtained with correlation
coefficient (R?) > 0.990. The limit of detection for Cd and Pb were 0.00083 and 0.02813 mg/L,
respectively. The limit of quantification for Cd and Pb were 0.00275 and 0.09378 mg/L,
respectively. Relative standard deviations were 1.32 and 2.41% for 0.10 mg/L Cd and 0.40 mg/L
Pb, respectively. The proposed method was successfully applied for analysis of Cd and Pb in
various types of edible seaweeds samples. All analysed sample were contaminated with Cd.
The contaminant levels of Cd in one third of samples higher than the maximum permissible

levels of Cd in ready-to-eat seaweeds sets by the Ministry of Public Health of Thailand.
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wARLTlEd (Cadmium, Cd) Satduwslangundn ddnvaugdv dauseusn WWuthi vse
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Taglanzuinumsimilons mavasudingd vieduns uaznzia waaillen vie dndewia e
Colloidal cadmium tulangmiinffiuszquan 2 Uszq gadunulud a.a. 1817 Tnefisindwin
NNNIAIAUIT Cadmia LAz N1¥IN19A15A1I Kadmeia Tdgyanwalniaad A Cd lasdia
9¥MoN WazalaDMeNLYNAY 48 way 11240 g/mol auady Tassadradugunning ou

(Hexagonal structure) daLdusamsnuddu (Transition metal) Mioglungy IIB #1um1519579)

2.3.1 Az
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¢ P
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v P o = o | 9 ) a ¢ % | a
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druseniu Ao

1. unasitaas (light source)

2. dwivinlisananeifuesnesdass (atomizer)

3. lululAsiames (monochromator)
4. fmAwes (detector)
5

LATBIUTEIIANE Wage uUNa (data system and read-out units)

2.5.2 unasniauad (light source)

Tnertaluunaamiidawasldidu hollow cathode lamps (HCL.) waz electrodeless
discharge lames (EDL) 4 sldianzunasgwindu veaossiaifnuaufuasdnuugianisi
wansaify feil

2.5.2.1 Hollow cathode lamp (HCL)

Usznauluale 99u7n (anode) ¥iNa1niiaaLnu wagdiau (cathode) Usenauld

a

usmiisnazsnnay (Hlodesnislivasn 1 sudmiuiinszvinaisgsin) siaderdiusig
fioamsdiaTent dasansusTyeglunszuenuidadifiufadenieu ufaenineu vieufadidoud
Arwfulszana 1 - 5 ved iletavisandldfunrusadnguszana 200 - 400 Taad ufadosay
unngreenidulessulionization) uazifnnszuadiinaseussinedavisansuseun 5 - 10 fiad
ueuuUs psnsdndfigaazsiliemeseufaiiuszquin(gaseous cation) Jswunalng viliAn
nauewnay (atomic cloud) luanugnsedu (excited state) dendsnuanasagldesnduuasdis
AN nzdmuusazsInoonin sxneNdulvgjaznduluineualnauazdiutiosiniz it
p1gnsldauremasnaglugag 100 - 300 Falus vaeafidrauindesnfissmedeiieagy
Na, As, Sb, Bi, Mg, Pb fongmsldeudunitsiniiszmesin nsfiuanussdnglifiszmineds
asnagvilVuasivdesoonun fnnudutu widwdsnniuluasiliinesnondasendsny
sanndu shlfaanduuasiivdeseanunannesnoundsnugsliies (self-absorption) Wunals

ANMUTNTULEINNNAA WAL DAL IanAY

2.5.2.2 Electrodeless Discharge Lamps (EDL)
NMelunaaauIussILInIeNGaveIsInineInITiasIen wagenanwitedi
(RF coll) Feviupguuiganiing Weveainlasunseualninazmieni uagasvilviindevassis
) C ] = [ 1 a ' = A o
naneidulanazuandndulessy vaugnndnuanasUdosuasiainuazianuginaudnme

v a

dmTuusars1neenu nasrIntumNddndaranategluseAuliiemesan1ssnyIANAID

YBINTUANAIVDILODUTWMUALAUTUVDAT AUAANS T UL IR LA T LAY

WHAANLNINVBIALEMNAAULAINUaRsaanuaznI19TY Wunalianulilunisiesieianas



¥

viaonvilniliitofinin HCL agstios 4 Usznsde orgmsldsmiiuiunii lned
218151 uEILde 1,000 F2lus, Uaosuasiidnuiduuinnin (5 wihdmnsuvaonwie Te uay
100 Wi dwsunasaviia Ge, Gauhafinda As, Ho) waiiindianisiasizsieaadian (lower
detection limit) Ainvaeavila As, Bi, Cd, Ge, Hg, Pb, Sn, Te, Tl uag Zn 5&LLﬁdwzﬁQmauﬁaﬁ
wundrfiny uilunmsnsiansnsandanasasindmniuiiaszisngléifies 10 ndedawiidy
fegau As, Bi, Cd, Ge, Cs, Hg, P, Pb, Rb, Sn, Te, Tl hag Zn “1a<

2.5.3 daulsznaud vinlisignareiussneudass (The Atomization Process
%38 Atomizer)
nsaATIzinemalla AAS U axUszauaudsannteeiiiedadueg fuliunames
avnaudasyves M IVNlAANTY mszenaudasududiganduuasiinzyiinisialaedenldaii
dll a ! 4 (% :’1 o0 v = 'l o 4 A I
g1IRAUYRILEMINzaNE Y Ay anudidyIeeginsvihlisnidiegluaniuzansazane
megrwandiluszneudassianuziulining Biteuldiude nszuiunmsilisiguandady

<

pznoudaszauiUadlil (Flame Atomization) nszuiunistansmegsazdssduaisavaleiig
o 1< & a [y 1 (Y] o H A a a fav v
Audwdloweady ludarsuvivassey dvhazaresnduivieansdunsdnla nszuiunis
atomization & 5 Tumou il
1. Nebulization \Wunsgviunsinldsuvesnailmduazesudns (mist) AaeLA3058n7
nebulizer
2. Droplet precipitation tJunszUIUNITA azepwdne F9a15aza1e s U unen
asazangln Lianunsaaseglueinialy Jwnasiaieann1wieuniia (drain)
L. o d‘ < a v e & a
3. Mixing LunIzuIuN1Tazeauany vesansazaloianauiuuia Wwolnds (fuel) uazaon
Fuaun Tu spray chamber 983 nebulizer
4. Desolvation tJunszuiunisiisavinasanefiegluavesndniugnidaly viliiadu
< s a X |
BUNALANT VeaTUTENBY NIEUINNTHAIARTURBUATRR ALY
5. Compound decomposition tUunszuaumsineduluuail lnefindsuauiouain
wWanlwazluliasuszneuiianisunndadusenles uluana wazidueznoudass

gj a v =) a g ! 14
vnATIRanIInsEAuvseiinlessluetusslula

2.5.4 lululasunas (Monochromator)

Y a o oA v Y a Ay
nihinan Ae Touenuaslrlininueaduveinasiinesnis (wavelength selector)



2.5.5 138452330 (Detector)

7ifieald fe photo Multiplier Tube (PMT) Lﬁaqmﬂﬁmm"l,ﬂuﬂ'ﬁmmi’mqq waglinis
nevausfiaianonasnyenNeInd uwadlurssansibhletanuazidida (uaas, 2535)
aeluvasnuszneulusmeualng uelun uaazdidninsn filelun 9 ¥ nszawogshmasnlnlsiia

al s A o § va & v a A
Alwees Woualwmounnnsznuiviualng inbisianasoungaaenuuddelunlalun

2.5.6 WSaeUsTUaNALAZEUNA (data system and read - out units)

1AT09AzUTEINANARRNNT S UVBINSRANTULAIITBAMDUTD S UULD

2.6 NsEoERILARUANAGS

AAUAINAZ (Ultrasound) umduauigandn 20 KHz aufis 10° KHz daudurasainud
fiywesauslianusalddu wseyresauundlddudsdutinnud 16 - 16,000 Hz Arwidiiged
neliAnxani1aail (Chemical) #an19373M8 (Biological) warn1an1enIn (Physical) Tuguiuy

7199 Nd1IAB ARUAIUDEINHAINLTINNALYIALAANBIINA LNAANUAY UaziinAIuToU

a =

¢ & o § ¥ a N & N a a o ) a
e FadunainlmAnn U suLUasiIn1esga1Ine) 1enenIw wagneall dmsuniauad
WU liARNITeRNBAYU (Oxidation) N1saane (Decomposition) N15tUaAILER (Luminescence)

nsiianan (Crystallization) \udu

Electrical

I
| Vibrational |—" Cavitational —I
|
v v v y

Physical Chemical Biological | Sound |

5UM 2.1 MIUAEULURINAIUYBUATEITANTII

ndnnisvienuvenaiosdansiend tusrulamdsnulindundinunnuiouuas
nauduaziiiou mﬂﬁ?uwé’wmé"uazm'?iau%gﬂLﬂﬁauiﬂuﬂuwé'muﬁﬁﬂﬁﬁm WAL EANYAIYDS
wlgseMmATUIAENSILIUNN 38NNszUauNTSTian cavitation uaraggnivAsudunamandl s
NEAN vﬁamq%ﬁv]mﬁ?u%yuaguiﬁ’umﬂ%’mu LazanNLIndeLvaISIARUARGe Tneialuna
19958719129 UG AT oA 191N NE 191U LA cavitation ABN13NERY LALYURIYDS
wesarmdluresnan fiinannsveneiuardusnvesmnudulueiosdansend feduluna

1NINLTIFUTIAU LAZLIIFUTUINALEIGU NsilAsuLUasvanilaznasidunesdaduluse
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fvinazany lodavany uasuia WeserniFuaituazasesi Lazdudngie Weneseinieiin

Ly 1

N15gUMAraienuseu wavkswiuluszAuguInidufeItuiunsiiueg Lasaenainusou
lusnanailesanmsnesiveaneserniagiauluun Wudu (Tan, Shiou Xuan. et a., 2019)
msaediensnsuiurduaudas Wunsiinduaudganilinsafinnisazaty uas
wnsndudnlulusegefidieanisgey egnslsinuesdusznouwmaiindumavesmaituduiieos
gj 1 a = oo ! c=2 ¥ I 5 ! dyu IS a
Tupaun1sgesdnuuunilandsliauysalfarasdinmnsedutuneusdely venanilduillaveuisiina

PN I 1 ¥ A = d‘ 14
‘1/]11]?1’]&1’]50888@’)8?’161&38%1’3’1%@@&1@

2.7 U887V
2.7.1 MsAaAs1zvvnUsunaltlansluavsiensanule

[

flaATesuaunnildseunanisinszdusinalansndnluamsenzaiuldain
warnnaneiuiisialan wu Ysualaneninuud euvesamsnensialuininald (Khan et al,
2015) U'%mmiawwﬁfﬂiuaméﬂwzLaﬁﬁwmaLLazﬁLmeﬂmmawsLLamLLauaﬂW (Santos-Silva
et al,, 2018) U'%maﬂawwﬁfﬂlummwwmaﬁﬁamuﬁmluqiiﬂ (Paz et al,, 2019) USualany
winluamsiengaiulaaineainludeaid (Filippini et al,, 2020) YSunausg 21 vlialuanse
nuanuldauadTaiidaneduny Susenideddd (Miedico et al,, 2017) Usunalaveiiavaly

amsenzianulaiiiuangImans Jueenidealdvesduie (Arulkumar et al,, 2019) Wumu

2.7.2 wadafideulHlunisasiatatiunalanewinlusvwsienzia

wedafidesldlunisasatausunalansndnluamsensia Wy wadadudnfingdnda
warau-uuaaunlnsiums (Inductively couple plasma-mass spectrometry; ICP-MS) (Filippini
et al,, 2020; Paz et al., 2019) imafindusnfnaandanarauioaufneaddaduaiunlnsiuns
(Inductively coupled plasma optical emission spectrometry; ICP-OES) (Dominguez-Gonzalez
et al,, 2005) At aunslndines iugosnaudniovgesntualdnlnsiuns (Graphite furnace
atomic absorption spectrophotometer; GF-AAS) (Santos-Silva et al., 2018) tHugu Falaeirily
AeunTinszsiUsinalanemingromaiameii axdosinismiouiiedsieunsnsiaia Tng
BswIousogrefideuld wu msgessieadululasin (microwave digestion) (Roleda et al,,
2019; Miedico et al,, 2017; Khan et al,, 2015) A1sgeanlansakuutlen (wet acid digestion)
(Arulkumar et al,, 2019) Wudu F3msnsousiegeinann fiTesinlus eswesnisldansadl
Usinaann dumeuluniswdeududou wavldinalunsmioudiogiunu wmndfegnssiuaumn

21N ANNTIATIZI hAENN5DNNAANTN
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2.7.3 MslanzinUinalanzvtinlaenistesdieaauainuigs

MawReNfegheRdunIigviendusans1vIud  (ultrasound-assisted  sample
pretreatment) JunildluASmaedfinsziazen (green analytical chemistry) Felliunoud
avon Uasnady Mnandu (eendn 1 2lue) warldUSinaviennududuresivinazaiouay
naaaulaiann (Bendicho et al,, 2012) ImEJﬂﬁummﬁqum{fﬂmm%méf’méwquﬁ%ﬁdawﬁwh
nMsavanganseaninanegeiiiuresudsanmaifsusngneal acoustic cavitation (Priego-
Capote and Luque de Castro., 2007) ﬁiﬁsmum31Jis&gﬂﬂ%ﬂmﬁ%au@haﬂwﬁ’;aﬂﬁuﬁawuﬁqq
dwsunsgesamiensianulsiion sinsyilansunssin (Neher et al, 2018:; Dominguez-
Gonzalez et al., 2005) M3tosuurIdIUMINLoMIUSI Zn, Fe, Mg, Ca, Na, K (Gamela et
al, 2019) mstoetneesunindmsunmsinTviwanflisunasneia (Siiangkhawut et al,, 2017a)
mssjaamgulwﬂmaﬁm%’umimﬁmmm@Lﬁ&JﬂJLLasmsf‘ﬁ"a (Siriangkhawut et al., 2017b) n1589Y
91N3ANTAMSUMTAATIZI51AAN (Saleh et al, 2015) M3desfiog1amsdauIndouuazyg
Fandiensimseilangmin (Kazi et al, 2009) Wudu

Tuemidfed waulafiisthmaiinmsatndeeduaiuiganuszsgndldludunouninedeon
Froge dmsunstesuazanmlansutnanamsensianuld fewhaisazatedildnnisdesly
ps1eiusinadaveutn Wy wandlsunasnzia semadamavesnoudnueugesnduaUnlnsi

=

20



UNi 3

A5AIUN15IY

3.1 m‘é'aaﬁauazqﬂnsni (Instrument and apparatus)

1. 1383 Atomic Absorption Spectroscopy iq'u 280FS Agilent technologies, Santa
clara, CA, USA

2. Lﬂ%\‘i Ultrasonic bath i;u CP 1100D, Crest Ultrasonics, NJ, USA

3. NEATuNIONUes 1 Do Whatman™

4. lulasthunuin 20-200 plL, 100-1000 L, 0.5-5 mL &% Eppendorf Research plus

5. gUnIaliAaeuisIge

3.2 @154A3 (Chemical Reagent)

A157199 3.1 asadinlglunnsiessAUsSLNaLARLIEN wazaziluegsanIenuslaale

GURIGH Grade USENEHER
1. 65% Nitric acid AR QReéC, New Zealand
2. 35% Hydrogen peroxide AR QRéC, New Zealand
3. Standard Cadmium solution 1000 Standard for atomic Fisher Scientific, UK
mg/L absorption

4. Standard Lead solution 1000 Standard for atomic Merck KGaA, Germany

me/L absorption

5. Deionized (DI) water - Milli-Q, Millipore, USA

3.3 NSLAIENEITAZANY
3.3.1 d1582a1801ATFIULAAEEN AUTUTY 100 me/L
YpansazarsunsgnuuAnlonaINanTazalsuInsgIy 1000 me/L 11 2500 pL ldaslu
P TUTIIRSILN 25 ML uartuUSuasaunsueiiUTrnleseuy
3.3.2 snsaransuInsgIuAzia Amdindu 25 me/L
TJL‘UmmiazmEm’lmg’mmﬁ"amﬂa’liazmEJmmg’m 1000 mg/L 11 125 pL Tdasluwan
faUsnmsuun 5 mL wazduusunsauasuieinanleson
3.3.3 §1782AN8NIATTIULAALITEN ATUTY 6.25 mg/L
Yupansazaneu1nsguLAnenaNaIsazaIeuInsgIy 100 me/L 11 312.5 pL Tdaslu

ITAUSUINTIUIN 5 mL wazlSuUsuInsaunsualetinuseantaeau



3.3.4 §1382A18NATFIUEMTUATINTINUINTFIY
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a N = O A a v
L@iﬂﬂﬁﬂﬂqiagaqﬂmqmiﬁ']UI@EJﬂ']TlJLﬂmaqimqmﬁﬂquuﬂﬂl’ﬂﬂﬂ LLagmnena VleﬁEJlll}ﬁusU@

3.3.3 kA 3.3.2 9518988080t UA1519 3.2 kay 3.3 9 nduUsuUsunsaietusiaaintessuly

ININUSUING VUIA 25 mL

A1519% 3.2 Ysuesvadlaneueandeunldlunisasnansmuinsgiu

AMATNTY (Mg/L)

Ysumsansntunun

Cd 6.25 mg/L (uL)

Conc.HNO; (mL)

381015574 (mL)

0.00
0.01
0.05
0.10
0.15
0.20
0.25

0
40
200
400
600
800
1000

2.5
2.5
2.5
2.5
2.5
2.5
2.5

25
25
25
25
25
25
25

A1519% 3.3 YSumsvadlaneasiinlglunisasiansimunnsgiu

AMALTNTUY (mg/L)

Y3unsansndimaun

Pb 25 mg/L (uL)

Conc.HNO; (mL)

UJ3u1015574 (mL)

0.00
0.10
0.20
0.40
0.60
0.80
1.00

0
100
200
400
600
800

1000

2.5
2.5
2.5
e
2.5
2.5
2.5

25
25
25
25
25
25
25
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3.4 faed1eEmIenzannule Ussnnavsnensauuslnaluaninwiia
nsnaaeaillauiifegisainiiengannulaussinnnsauusiaaluanwwiandvieniu
M09RAA LU @158 UTLANVUNVULAYT @IMTILUNIAA @118 10YT T1UIUTI 15 Fleg1s

= U 1 U dl
S1UazdunFeg 1R LERSlUAIS199 3.4

AN5199 3.4 S1YALLIYAFIDYANNITIEUTELANNFDUUS LNA LLAN WL

') ' P=] o P P [ ] a o
A8199 Sid Uszim | ¥a/¥an1en1san LUASINARN ANYULNIY
A0819 | d@1msne NYATN
1 S1 YU A131889UNSBUTR Usun wallsa Wuunuured
1Ny SEnaLAY WSARY I11A WgTAIUTY
2.aynUIINg LAntiae
2 52 uy | awseeunsevaled | ustm elesSeu | i0ukaudden
= a aal o % a LY
WA ASIUNTRE 39 911 Tpnugiu
ERIENEHGREE D)) 9.Uvusdl éntley
| a o a a < < (%
3 S3 YU FNNIUDUNTBU Ve 3ULlUa-1au LU
AL TULAY TAAILAL TUsand 311n NSOV ALY
NFANN
4 sS4 YU amsggaiu vsem aenufled | Ouuviaiu
AAYN Seeesdta | Burans e nsou &y
.uATUgH 1A1a
1 v Y a o ¥ 1Y <3 A A
5 S5 UL | @UTYBULATBY | USEN LO0WATRY | WULHUEYD
SanaNAan Haneudmsiinfi | Teanudu
10 (WIYL) \Antioy
2. WTTUATATOYTEYN
6 S6 yun | amsegaladdyu | v undes | Wuuvisdu
v [ & & @ ‘;’ a A
ASWALLAUBE HououAmnsiAnAY | nIoU Al
saAaIgan 9109 (UAYU)
A NTLUATATOYTEN
7 S7 YUY auenenalnd USTW e wntes | uliudiden
2w v % 3 s & = = o
QU asnuites | flauaudunsiinga gy
saAaNdan 00 (WAITU)
. WTTUATATOYTEYN




d’ a U ! 1 1% ) ¥ 1
A157197 3.4 519a819ARDYAMI1UTELANNTDUUS LAATUEATWLLIAS (n9)

15

faagnad] SWe Uszan Fo/Mamanisén W RNAGT ANWUSNIG
f29819 | @n31e YA
8 S8 YU AmsIweunsey | 591550Tud 27/13 o, | 1Duuriasiiu
n3lus A19@A%Y 8.419NN1 | NIBU ALl
3.Uvuel
9 S9 YUY amsenealesa USTW oawousdt | LOuusiuuneg
IR SRR | uewuesda ifa St | Al
. NTTUATATOYTYN
10 W1 dmsuld NIV USEM Leeswa 1S | 1Juusiuen
LI AI1Uame9 Aads S fafu dLaen
2.AUNTANAT 139
11 W2 dmsuld NIV GUTIANXIAN vHuusunau
WNIA ATINTWIAY YITAILONG HAungoug
FOODCO., LTD
12 w3 dmsuld AN USEN Az dunana Wuukue
WNIIN ATIAURL I 19 AR EU
2.8yN3UTINg DILVY?
13 wa dmsuld ANIIYNLLANT USEN 1A L @ vueing
L3N LSRR ATINNUT dumasiln 91in Beaane
3.Uvusl U499
14 W5 dgwsuld | amsienzianniiue USEN 1A 19 @ Vel
WNIAA BUUTY ATINNUT duwesiln 91 | Weady v
9. Unusnil WAz
15 Z1 dwsuvie | lsade 3im onnlu | USE ueves ol | WDuusiulug
Thl S@ws1edmsumie LaUAT 311 A U9 @Len
g | 11ET) aTuAves | UsewAnvala

LONLBURT
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3.5 ABE1NEMTIINIBIU

amomaedu fdnvazidudanaudng siufududendrefunisedu duandlusud
3.1 Lﬂuﬁﬁé’ﬂiummaa sea grape #38 green caviar lagduuilnaludnyuzassamitvan Tu
nsnRaeildiFotvamIenseduiitveauiomain $1uau 10 Fees dwiuniseden
fhegamiemequiounsleses Ao drvdsudeuluamieesndeiiusmanlossuly
avenn MntnilUeulukefigumad 60 °C udmisnusaudunsasden wasiulilugamanadin

= U 1 U dl
S1U8LLDUAFIBENAILARILUNITIN 3.5

5UM 3.1 amsiewieedu (sea grape)

a a g 1 ! 1
A13199 3.5 31YALLBYARIDYNFINRINUNIDU

faagsdi SHERIDE9 wrasfian

1 SG1 Audnsiiasulnenoundnd
IAUNF1TAL

2 SG2 nf guefidumes
JIRINUNIF1TAY

3 SG3 suauaninite snnetuuay

Fandanysys
4 SG4 TudnNNIPEMsIENIeduY

AUAUIUT BABUILLTAY JNTANYTYS

5 SG5 GRI/ PRI PN ONTRITORR

iuatheguly suneieduns Sminszeas

6 SG6 Ayqyranavsuamsienitedu

sualinnea snet uwvay JMINYTU3




M1319% 3.5 518AZBEARIBE A BN (HB)

Fegnel SR8 WE TN
7 SG7 #1M13718N984U Organic
FIUAUIT BLnetuLra JTALNYIYS

8 SG8 a'rm"]8wuaa§uL§aaizUU§um§é
guneULvad Jamdnnysys

9 SG9 anUavhsuansieniseduy
guneUuLvaY Jamdnmysys

10 SG10 m‘wéwmqaqju Lovegreencaviar
gnetulnsies Yariauunys

17
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3.6 35naLATENAIBE1IAIBARLAINLAG

Faghegeitunazidonun 0.10 - 0.15 ¢ ldaslunasauiaiitiln anduinaisazaionse
Nyl HNO, : H,0, 2 mL U&7 pre-sonication tfuvian 5 unl wlugessiewpses Ultrasonic bath
aneldansimuzaudsnssi 3.6 Wunan 10 wiit fgaumgdl 60 ssrwaidea ndsan 10
wreenstesnsausnuds timasaufiiietseenuiuaisazatensanay HNO, : H,0, 80 1
mL arntuldosfiannuiedtusn 10 wadl vindud 2 ¥ auldusinmsansazarensana
HNOs : H,0, 538 4 mL wazhiarsinlunisdesdy 30 wi ntiutheansazanesnognsigesldan
YSudsumsidu 10 mL wdhlunsesmenseaunseaues 1 aslunasadunsianauin 15 mL
ihlUAeseideedos FAAS Tasnsfinwanmefiuangau vnnsmaaesagyinnsinme 2 6

nsdAnwFosaznslinduAy anfuasnIsIuLAnlien waraza USnes 5 me/L uay
40 me/L asluludiegnemiaUsuins 100 wag 75 pl Aua1au anduthldyinisdes uaz

ALY FAAS WULRiUFIDES

M19197 3.6 annzmnzadlunisdesrigaiuaudg

aaudsluniseion gaefiviinisanen dnmeiimunzay
AVI0NTUAUT HNOs HNOs : H,0, (2 : 1)
H,0,
HNO5 : H,O, (1:1,1:2,2:1)
vnidnsedig 0.05, 0.10, 0.15, 0.20 g 0.10-0.15¢
381 pre-sonication 0, 5, 10 min 5 min

USUIASV0IDNTUAUN | HNO; : H,0, (2:1) 1iNAsIas 1-2 | AsifiueonBuauyingu HNO; :

WaLLIATUNNSE DY mL H,0, (2:1) Jugrdundeas 2,1,
10, 15, 20, 30 min 1 mL %n9 10 w1
natlun1sgesan 30 W9
gaungilunisden 30-75°C 60 ° C
Frequency - 45 kHz
Ultrasonic output - 360 W (power No. 9)

power
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3.7 Mslnnsivinauanfioy uaznziidlemaiiananezaaufinuaugasnduaninsalnd

3.7.1 MInsraseulsEdvsnmuauaiacie

n139A1 Characteristic concentration (Sensitivity) lngldansuinsgiu

1. Ufuanmueuadesdielimnzaudmivinsesiuanidon lnowIouasazainnsg
uAALEEL ANLTNTY 0.6 me/L Tnanistiunansazaolanlilon ANUUTY 1000 me/L USHNRS
30 pL adlurantausinasauin 50 mL Wunsalussndudy 2.5 mL Usuusuinsaeuilse
looou thansazaneflaluiaanisgandunasesasazateminsgunanidendudu 0.6 me/L

2. Ufuanmuesaiesdlolimunsandmivinaging lnswiouaisarateuinsgiu
ar Anadud 5.0 me/L Tnonstilnansazanensis Aududy 1000 me/L USinas 250 L
asluvaninusinasuuin 50 mL Wunsalussndudu 2.5 mL USuusinasseiusdlesey th

ansaraneilaluinAnisganfuuasuesasaza1eInsguaz iUty 5.0 mg/L

3.7.2 B/NTIATILIA
1. W3ENATATANLNINTTIUANNITE 3.3.4 UaranTara1ufiog9anIuiite 3.5
a = v a ¢ A

2. WalATed FAAS Usznau Hollow cathode lamp 184579 71R09N193LATIEM LiNaLdunNTg
guazadbimdenlunisviudunan 30 wiit Wievihlieieldaneiodielinuuiueu

3. MTIATILVATALALNINTTIUVEI uaniley wazazna tneisuanAududusly
anududugs JadunsinAinisgandusasesasazateuinsgiuuanden wagazni Noglugas
RRHEGAIIEARIY

4. YIMTIATIERATALABUUAA FI9879 kaLFIRENTFNaTazaI8uINTgIU UARLTEY

U A A % o 44 1% 44' v v
waznrMNn3edld lngdnA1n1spanfulasuetansazalemeinsas FAAS auan1lunisinme

LAS89 FAAS A9m15199 3.7

AN5199 3.7 WI90LPD5UBNATAY FAAS dmsuiasneinUSunaantien wasmnzng

Parameter cd Pb
Wavelength (nm) 228.8 217.0
Lamp Current (mA) 4.0 10.0
Flame Type Air/Acetylene Air/Acetylene
Air Flow (L/min) 13.50 13.50
Acetylene Flow (L/min) 2.00 2.00
Slit Width (nm) 0.5 1.0
Burner Height (nm) 135 135
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3.7.3 msnudauauldlavesds (Method Verification)

3.7.3.1 nMsw3eumsazaensguiiandansldenuiidudunss

P3BNYAYDIANTALANNATTINVRIUARITEY uazmz AuABnnsluiade 335
MnuhlUSadnewries FAAS ausiide 3.6.2

3.7.3.2 N1IAIIAINNAVDINITNTIAIA (LOD) wazlndnauaInisingesusuieu
(LOQ)

Ainswilnenionaisavarsuvasd 10 91 thlddunselunsndudu 2.5 mL udr
USutsinaseetnusianlessulsld 25 mL tiluindieedes FAAS Fuiamaads (X) uas
mLﬁmwummgm (SD) lng

LOD = 3SD e, (3.1)

LOQ = 10SD e, (3.2)

3.7.3.3 A308azn15ianauAu (YoRecovery)

n1sAImIAIfegasnIslanauAu awnsaAwaldInnswssuaITazany
Fregemuiide 3.5 Insnsfuarsaratsuinsgiuuandion (Cd) uagnzia (Pb) Aauidudu
0.05 uaz 0.3 me/L vauandey uwazneia muddu aslusegnfivsrinisdes Wiemssazns

TenauAUMNANNISA 3.3

C(spiked)—C(unspiked
%Recovery = (sp C)‘(ad(d) P ) X100 e, (3.3)

118 Cpred AB AIUTUTUYBIRIDE NN THANAITUINTFIU

Cunspiked B mmLsﬁm%’umaqﬁaaéwqﬁiajﬁmilﬁmmimmgm
Cogg  FD mmLsé’fuﬁé’fwuaaaﬁmmgmﬁLamaﬂuéhasj’m
3.7.3.4 aAnadies (Precision)
3.7.3.4.1 M5¥191 (Repeatability)
wignansavatsasguLAalon ety 0.01 me/L uag 0.10 me/L uay
yoanzianaududy 0.10 me/L uaz 0.40 me/L arudutuas 11 61 mudamswseuansiy
shiefl 335 dluiasnisgandunasiaeinies FAAS auviade 3.6.2 Tnsvhmsvanedliiatadin
TuganailndiAsaiy duanen X, SD wag %RSD UeHan1svaaau
3,7.3.4.2 N1SNIUD (Reproducibility)
WIYUATATAIYUINTFIULAALIEY Feududu 0.01 me/L uay 0.10 me/L wae
vowmsifiAududu 0.10 me/L way 0.40 me/L Aududuas 1 81 audsniswdeuansiy
Wdeil 3.3.5 ﬁﬂﬂﬁ’mﬂ'wmiamﬂﬁuuaqﬁ’mmém FAAS mnuade 3.6.2 Tngvmsneaessiguiu

Wunan 11 54 Auddn X, SD wag %RSD U84NanIsvnagaau
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3.8 Msmanznvnzanlunsdesiletnailsadudesanungs
ynrsanwaniizlunisdesNvunzay Iagldssg1savsienziansisunsiu (W3) 1u

FnuvaIRiegslunIsanw

3.8.1 ¥inUBRaNYUAUN
MNSANYITinYeIanTLaAUY (Oxidant) Aa nsalumsn (HNOs), lelastaudssennlen (H,0,)
WAYDBNTLAUNHANTENININIALUASA wazlalasiaulaseanlontudnsid@iu 1:1, 1:2 way 2:1

o w a A =2 v A a a (3 gj
Aua1nu USuanlelun1sAnefuandlunisnen 3.8 lnua15aza1809nduaus 2 mL 3Nty

a

pre-sonication 10 w17 #lugesMmenduauiasiigamgll 70 °C {Wuiian 30 Wi (nn 10 w1il

9 Y

LWAUAIDDNTWAUN 1 ML)

A15199 3.8 USUIsTEluNISANYIBNAUD99DNTUAUN

a .. . vilavaei Oxidant (mL)
4 | dmddndnegng
WanN HNO3 . H202
(g) HNO, H,0,

1:1 1:2 2:1

1 0.10 2+1+1 - - = -

0.10 - 2+1+1 - - -

0.10 = = 2+1+1 = -

0.10 - - - 2+1+1 -

Ol | O N

0.10 - - - - 2+1+1
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3.8.2 thuiindegsildlunsdes

yhmsfinuihmiindegisiivngadlumsgesdeaiuauias Tnsmsiouliisuiosas
nsldndunvestminfegneiimin 0.05, 0.1, 0.15 way 0.2 n3u w3197 3.9 TneasdAnu
Uszansnmlunsdessegeiiiminas 2 51 w%fauﬁuéhasmﬁLammimmgm Spiked sample
youpadlouiinnuduty 0.05 me/L wazmsiaiaanundudu 0.3 me/L 3n 2 51 sadudminas
4 viaen WWuansazanensanal HNO; : H,0, 2 mL Uaa pre-sonication Wutian 10 wiihinluges
Fhordudesmnigeiigungd 70 sswalsadung 10 wil ndnduduasazarensana
HNO5 : H,0, 1 mL Wlugesfianzifeafuauianan 30 uidl (nn 10 U9 LANATAKEN 1 mL)
Mntuthasavaneshethdidesldunuuuiinmsild 10 mL udahlunsesshonsyaunseaves

1 adlunaaadunsiiAauin 15 mL wadtlUAnszviaioesas FAAS

A5199 3.9 AN1ITNITNAADIUNISANWINAVDIUNNLNAIDEN

vaaail | Ui Y3uAsaIs Ysumsean | 1381 Pre- | ety | aaungiilu
fegne | wmsgIuilin (uL) | Fuaudnan | sonication | n1sges | nnsdes
(g) HNO;: H,0, (min) (min) (°Q)
Cd 5 Pb 40
(2:1)
mg/L mg/L
(mL)
blank 3 - . 2+1+1 10 10+10+10 70
1,2 0.05 - - 2+1+1 10 10+10+10 70
3,4 0.05 100 75 2+1+1 10 10+10+10 70
5,6 0.10 - - 2+1+1 10 10+10+10 70
7,8 0.10 100 75 2+1+1 10 10+10+10 70
9,10 0.15 - . 2+1+1 10 10+10+10 70
11,12 0.15 100 75 2+1+1 10 10+10+10 70
13,14 0.20 - - 2+1+1 10 10+10+10 70
15,16 0.20 100 75 2+1+1 10 10+10+10 70
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3.8.3 17981 pre-sonication
An®Ia1 pre-sonication MnNIZA@UNTILIAT 0, 5 Lag 10 W19 nounITERmIBAaL
AUdgs lnenisieuiiguiesazmslanduAnveinisges lagasdnwiuseaniamlunisdee

Y ! a % Y Y ' A a . a a
AIDYNNLINAE 2 YN ‘Wi@llﬂ‘Um'J@EJ’N‘VILmlla'ﬁll']@]ii']u Sp|ked sampte VOILLARALHNYHNNAITN

O A

Fudu 0.05 me/L wazmziiieududu 0.3 me/L 8n 2 41 saundlunanas 4 naen swazBen
Fan157971 3.10 nansasatensanas HNO, : Hy0, 2 mL wéa pre-sonication hlugessandu
Lﬁaammﬁqmﬁqmmﬁ 70 sarnwadvadunan 10 il udnduinansazatensanay HNO; :
H,0, 1 mL ¥lUgesfian1izideafuauiwian 30 uld ("N 10 Uil WANNTAREY 1 mL) U
ansavaneiegnefidosldunusuysunslild 10 mL 9ntulunsesdionseanunseaues 1 ag

TunaaadunsiifuuIn 15 mL walthluimsgidiersas FAAS

a = . .
A15199 3.10 @n1¥N1TVAaIlUNSANYINATBILIAN pre-sonication

‘maaﬂ‘ﬁ ﬁﬂwﬁn U‘%u’lmmimmgm‘ﬁ J3urmsean | 19a1 Pre- | 13a1lunis qmw{]mu
f79814 w3 (uL) FuaudWeay | sonication | 888 (min) | n15dae
(g) HNO; : H,0, (min) (°Q)
Cd 5 Pb 40
(2:1)
mg/L mg/L
(mL)
blank - - - 2+1+1 0 10+10+10 70
1,2 0.10 - - 2+1+1 0 10+10+10 70
3,4 0.10 100 75 2+1+1 0 10+10+10 70
blank - - - 2+1+1 5 10+10+10 70
5,6 0.10 - - 2+1+1 5 10+10+10 70
7,8 0.10 100 75 2+1+1 5 10+10+10 70
blank - - - 2+1+1 10 10+10+10 70
9,10 0.10 - - 2+1+1 10 10+10+10 70
11,12 0.10 100 IS 2+1+1 10 10+10+10 70
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3.8.4 USu1n500nduaus waziatnldlunisdae
AnviUsuinseanduauy wagliarnmuizaulunisdesrigniuniiuias lnenns
WSguLgusaeasn1stanauAuYeINIsEaeN9293a1 10, 15, 20 way 30 U1¥l laeazAnen

Usgdnsnmlunisdesiagneinaas 2 41 wiouiufiioganinalsuinsgiu Spiked sample

v a

yoauanloniinududu 0.05 me/L wazarifinnududy 0.3 me/L 80 2 91 sadunanay 4
vaon TunisAnsnanlunisdeslumsmaassiivzidunadlumstosdeUsuinseondunuyifiias
Uée sreandeadinisnd 3.11 Tnenisifivaisazatensanas HNO, : H,0, 2 mL uéa pre-
sonication uan 5 Wil thludessenuanuigsiigumndl 70 ssmwaldeadunan 10 uni
Mntuutimsmaassoeny 2 YA auUSinaeanduaurinaznaildlunisdes fe Gqﬂﬁ 1 1Ay
HNO, : H,0, (2:1) a¥aaz 1 mL N 5 wiilunisgey (samnanlunistessiaaun 15 uag 20 Ui
LLamm‘ﬁ 2 4l HNO, : H,0, (2:1) afvaz 1 mL yn 10 wiiiluniseos (s7umanlunisdesamun
20 waz 30 uil) Yransazanesiedefigeslduuiuusunsiild 10 mL 9nduthlunsesdae

NszAENTaUes 1 adlunasmdunsiinauin 15 mL watluinsziinlenias FAAS

a = a a I3 |
M1919N 3.11 aﬂqﬁgﬂqiwma@QIUﬂqiﬂﬂU']Na%@ﬂﬂﬁlﬂ@ﬁaaﬂ%LL@UV] LLagL’Ja'ﬂfUﬂqiﬁlaﬂ

whwtin Yunasans Ysumsean | 1381 Pre- | ety | aumngiily
vaendl | f1aene | wAsgIuilAn (uL) | Bueuduan | sonication | msges | msges
(g) HNO; : H,0, (min) (min) (°O)
Cd5 Pb 40
(2:1)
mg/L mg/L
(mL)
1,2 0.10 - - 2 5 10 70
3,4 0.10 100 75 2 5 10 70
5,6 0.10 - - 2+1 5 10+5 70
7,8 0.10 100 75 2+1 5 10+5 70
9,10 0.10 - - 2+1+1 5 10+5+5 70
11,12 0.10 100 75 2+1+1 5 10+5+5 70
13,14 0.10 - - 2+1 5 10+10 70
15,16 0.10 100 75 2+1 5 10+10 70
17,18 0.10 - - 2+1+1 5 10+10+10 70
19,20 0.10 100 75 2+1+1 5 10+10+10 70




25

3.8.5 auuiinidluniseoy

Y

= aa ! 1Y = N ~ = o Y o oA
ﬂﬂﬂ']qm‘ﬁﬂllwLM&HS?‘@JIUﬂ'ﬁEJ@?J@'JEJﬂa‘U?’n']lmQﬂ Iﬂﬂﬂ'ﬁL‘UiS‘UL‘V]EJ‘U?@‘EJazﬂ'ﬁl@ﬂa‘Uﬂu

Y

(%
Y a

Yaansteullolifiiunll wasYveungll 50, 60, 70 wag 75 ssrwalea tasldiiailunis

g8 30 Wi lngazAnwuseaniamlunsdesimedniaamgiiay 2 91 nieuiusiegaiiuans

O A

1M357U Spiked sample YoIUAATENNAUINTY 0.05 me/L hagnznINAMULUTY 0.3 mg/L
3n 2 91 udunanay 4 viaen s19azBEARInseA 3.12 uasazatensaNgyd HNO; : H,0, 2
Y . . A o | Y a a & a Y S a
mL U&7 pre-sonication 5 w19 W1lUgesaisaduaudanduiian 10 w1fl ndwinduiy
d158va18nIANEY HNO; : H,0, 1 mL ilugaeian1iziiuaduaudianal 30 u1i (n 10 wiil
WUNSAKEL 1 mL) Wrasavaneilegrengaglaunusuusuinshile 10 mL anduinlunsesee

NSEAENTaNUDs 1 adlunasmdunsiinauin 15 mL ket lUinsziinienias FAAS

a = A al '
M19194N 3.12 aﬂqﬁgﬂqﬁwma@QELUﬂ']iﬁﬂ‘H’]WaGUaQQmwﬁﬂmiﬂUﬂqﬁﬂaﬂ

twtin USinasansuinsgudl | Usineseen | wan Pre- | valu | qaumgll
waan | A9E9 w3 (ul) Juaudugs | sonication | n1seoY Tuns
il () HNOs: H,0, | (min) (min) | ga8 (°C)
Cd5 Pb 40
(2:1)
meg/L mg/L
(mL)
blank - - - 2+1+1 5 10410410 | laists
QIR
12 | 0.10 . . 2+1+1 5 10+10+10 | laisia
RIEAEY
3,4 0.10 100 75 2+1+1 5 10+10+10 ”Lw??a
QaunL
blank - - - 2+1+1 5 10+10+10 50
5,6 0.10 - - 2+1+1 5 10+10+10 50
7,8 0.10 100 75 2+1+1 5 10+10+10 50
blank - = = 2+1+1 5 10+10+10 60
9,10 0.10 - - 2+1+1 5 10+10+10 60
11,12 0.10 100 75 2+1+1 5 10+10+10 60




M13197 3.12 annenmeasdlunisfnunavesaumgiildlunisdey (ve)
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4

dwiin | USumsansuasgiudl | Usineseen | 1an Pre- | wanlu | gmgdl
viaoadi | faegs v (uL) Fuaudway | sonication | n1sges | Tuns
(g) HNO; : (min) (min) 898 (°C)
Cd5 Pb 40
H,0, (2:1)
mg/L mg/L
(mL)
blank - - - 2+1+1 5 10+10+10 70
13,14 0.10 - - 2+1+1 5 10+10+10 70
15,16 0.10 100 75 2+1+1 5 10+10+10 70
blank - - - 2+1+1 5 10+10+10 75
17,18 0.10 - - 2+1+1 5 10+10+10 75
19,20 0.10 100 75 2+1+1 5 10+10+10 75

3.9 NsepeRvd19RensALUUUEN (wet digestion)

fnLUasannidued (Plank C,1992) lnadedinganiunazidenuainn 0.10 ¢ ldaslu

naeaunl Wunsaluasn (HNOs) 2 mL widaegald 1 Au antuiiludeslnginavasauiiady

| & o YRR ) | = v Y 3 Y] v &
WQ@JGU'P]QLLNUL‘V]@ﬂaWMiUEJaEJG]'J@EJ’N?N']’NUULGHIWQ?’]@Ji@u (Hot pLate) Wuan 1 GU']IlN LLAIM

nlilidungumgivies anuwdulalasiudesesnles (H,0,) 1 mL inlugeaseuuanliniiy

Sou wandulalasiaudeseonloninudn (H,0,) 1 mL warildlianuseuauaisazanelaluld

A & vy & & yya a v & o ) oA % ) a v
LN@EJEJEJLﬁ?ﬁ]LLaQG}QWQIQV}@mﬂﬂM‘W@Q ﬁ]qﬂuuuqaqﬁagﬁqﬂmjaﬁqﬂw8@81@3J']1J5U1J33J’]@51m@ 10

9 U

mL warunlunsasmenszatunsaauas 1 adlurasadunsintauis 15 mL walrtluiesiev

AELATDY FAAS
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NANISAILLUIY

4.1 mymudauauldlavesisnisiasizilansalemaiin FAAS

4.1.1 Freanududuiiinseild

nrsmuasuauldlauesislunisiesiei lnefnw1919aududuYesansazans
unsgruLendloy waznzi AduiusiuAnsgandunasegiadudunss nud uaadlenivag
anududuiidudunsdutae 0 83 0.25 me/L Miauni1sidunss Ao y = 0.2539x uazan R? =
0.9999 Fagufl 4.1 memiirsanududuiiudunssdurag 0 fla 1.00 me/L daunsidunsa fe

y = 0.0298x wage R? = 0.9997 faguil 4.2

0.0700 -
y = 0.2539x

R? = 0.9999

0.0600 -

Z 0.0500

1@ 0.0400

<

@9

£°0.0300

(‘E

€ 0.0200
0.0100

0.0000

0.00 0.05 0.10 0.15 0.20 0.25 0.30
AMULdNtUves Cd (mg/L)

E‘Uﬁ 4.1 ﬂiﬁwwﬂﬁiﬁﬁusﬂaﬂﬁﬁiﬁﬁﬁﬂEJ@J’W]?@THLL?WWLﬁEJlI

y = 0.0298x
Rz = 0.9997

MNIIPANAULES

0.0000 . . . . . .

0.00 0.20 0.40 o s 0.60 0.80 1.00 1.20
AULINVUVDY Pb (mg/L)

SUM 4.2 n51MNIRS3IUV0ENTAEAIEUINTTIUAZN
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4.1.2 PSUIVAINAVBINITATIAIN (LOD) 1azdnaNnnvedn1sIndeusuia (LOQ)
91NNFINENTaTABLUAYA 10 ASY AMuIMAIREskasAdITsLUNINIEIY 19A1 LOD
way LOQ f9m15199 4.1
A1519% 4.1 ANTRITAVDINTITHSIATA (LOD) wazA1dnaninuedni1siadausuia (LOQ) Nk9ann

A1SNAADY LABNISIASIENANTAZANULUAIAIUIU 10 91

Parameter Cd* Pb*
LOD (mg/L) 0.00083 0.02813
LOQ (mg/L) 0.00275 0.09378

*LOD = 3SD, LOQ = 10SD

4.1.3 ANUHIB9YRIITNISIATIZA (Precision)

AuTsnduaud Ny ILanIALEINITa N TInd U089 MR 18A5e wddlika
TnavReeiu aeldanztnalAeany AINUE9LUBNH9NISNARBINUIANUANLELD eIty
5aUlALLaNN1TNAABIT NITHAAIAIULNYIVBINISNABBITLEAILAINNAITNAADIFIDE19%N

o v dll = = ) e{' PPN ) &
ARSI fEAIesilanaryan1saasdfeniu Tuaiilndireaiu Inslunisneassissymiiy

eslugues %RSD fannsned 4.2

A151991 4.2 ANANNTAIUNITVINGY UaZNITNIUGIVRIATALAIEUINTTILLARLITEY kavau

Precision Cd (0.01 mg/L) | Cd (0.10 mg/L) | Pb (0.10 mg/L) | Pb (0.40 mg/L)

Repeatability 2.50% 1.32% 3.81% 2.41%
(n=11)
Reproducibility 5.41% 3.09% 4.48% 3.35%

(n=11)
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4.2 sanazivunzaalunistesinegnsamsneiinuldfenauainuigs

4.2.1 Binva9@anTAu (Oxidant)

nmsAnwvinveseenduaurifivanzay laun nsalundn lelasiaudeseanles was
pEnTLAUNNANSTUINansalunsnuaslalasiauleseanlan Tunisdeudunusednsainsie lag
mafSeuliisudnuagmsnmeniwvesansazaneogsiideslelvitdnuala 1fid duandugud
4.3 (n) - (@) wu dleldnsalussndududusesndunus arsazaredetedideylszidivies
& dleldlelnsiouedeenleslunistossegsameeiinuldosldasasaediina waziiile
aswdeey Twaniilelasiauosesnludliaunsadessedidliedisanysal lnsdaunaainnns
Aidfoansiedsdesldnuniiofisuainiounistes drusenduaurinauszuinansalunsn uas
lelasiauesoenlodiionsndiu 1:1, 1:2 uaz 2:1 WuinauIsagessegsamieniulalasdng
auysal Wansavaneldlifdisaudnnaiuveseonduaut usmnisuifisuainsuil 4.3 (), (@)
uay (2) nUIeeNTUALINANTISNT 1@ 2:1 TUszAnBamlunisdesldffian esainatunsn
Wasudvessegsamseiinuldlinareduasazarefilanindnsidiuoonduauvingy 1:1 way
1:2 fiiu msvnassiiasldidenviinuosinoondunuy Ao sonduaurinauszninen salunsnuas
lelasulaseanlenfionsamn 2:1

() e B - -

A20819EIMYNUNTTEDY

odbe e

- -
: i
conc.HNO, Lzoz HNO,: H,0, HNO,: H,0, HNO,: H,0,

S

(v)

(A)

]
5
concHNO,  H,0, HNO,: H,0, HNO,:H,0, HNO,: H,0,

Tikzied 1322 il |

UM 4.3 navewilavesiieanduauininasenisgesmegsamienganiula
(n) dregsausiennule 0.1 g (1) Awdramstennuld 0.1 ¢ + eonBuAUN 2 mL (A) #9819

amsnennuld 0.1 ¢ + 9anBwAuN 2 mL %3 pre-sonication 10 W19
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(Q) Rl —'f - 7
H,0, HNO,: H,0, HNO,: H,O

1:1 pil:2 2:1I'

¢

(@)

Uil 4.3 (dl0) naveswilnvessneenduauviviiinasdenisgossnetaamsensiafinuls
(1) Fregnaausrenfule 0.1 ¢ + eanduausi 2 mL wdwhnsdessenaumiuiigaigumgi 70
°C 13a1 10 Wit (1) Fregamsefinuld 0.1 ¢ + sonduawsi 2+1 mL ndwhnisgessienau
mnudgsiigamgil 70 °C a1 20 undl (@) Mogrsamsefiiuld 0.1 ¢ + eanBuaAwUs 2+1+1 mL

aeinsgeemenauANdaWianmgil 70 °C 1381 30 w1
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4.2.2 WinA2a819n iy lunnseae
yINsAnwIIMLnIpg 19Nz anlunsgasfag1auMLn 0.05, 0.10, 0.15 wag 0.20
n3u WemYiwesdmindiegeiannsadesiiegraliegvanysel lngn1sdunadnyauenig

AEAIN wazSeuisusagaznsianduAuvadlanzwAniloy Lasnznl ANASHNANTAZANUNTA

a

Wam HNO, : H,0, 4 mL (2+1+1), pre-sonication 10 uii udrihldgeeenduamnuigiianmgdl
70 °C 1Huiaan 30 wrft (n 10 it Wunsemax 1 mL) nud tmiindededinareusyansam
Tunisdesiiledunnandnuarnanienin Tnefithveingaegns 0.20 nfu arsazanefedsiiges
leasdanuguanios wazarsazatolidinges LARMTE081 0.05, 0.10 wag 0.15 3l
asavanesegafideslsarlalidd (fasu lunaruan a 4 2.1) mnfiarsanaindrfesaznisle
nduAuveILAnloy wazmsffithundaogetiosndn 0.15 n¥u vesamsrendeuuslaeluanin
uits Fsguil 4.4 wudrdlendlsluansirstuunnin Tngldasesaznsldnduauvesuanidionlurie
90.35 - 91.12 % WazazAIlug1a 87.96 — 90.61 % uArFIBEIEMIIENIBIU FHegURl 4.5 WU
IgrSesaznislanduiuresanmionlugae 90.76 - 94.50 % wazazialutae 84.21 — 90.64 %
et Tunisnaassiseanunsadentdiminioddlunisgeslaludas 0.05 - 0.15 nfu Ay

Usunalaneninivulaulusiegng

120.00

cd

80.00 4 1

100.00

60.00

Recovery (%)

40.00

20.00

OOO T T T ! T T T
0.05 0.10 0.15 0.20

UnUNA29819 (g)

UM 4.4 nsmluansnnuduiusseninsdmindiegeildlunisgesiuaevasnislanduau

YRAALTIEY LaznzNluFag1a@vsIenzaniuls UsstnnaininendauusinaluanInti



Recovery (%)
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120.00

] Cd
100.00

80.00

60.00

40.00 A

20.00

OOO T T T T T T T
0.05 0.10 0.15 0.20

UnLNA22E19 (g)

JUN 4.5 nsmluansauduiusseninaimidndiegiaiildlunisgesiuaSesasnisla

nduAuvaILAndley waznzmluflegnamensaniuld Ussinvamsieniseu
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4.2.3 1981 pre - sonication

¥N15An®IIa1 pre-sonication fmutzanlunisdesdiogie Lawa lifinas pre-
sonication (0), 5 wag 10 w17 Liien113a1 pre-sonication fifidutaslunisdeadegsldagig
auysal lnensdunadnuaeniinmenmuasilieuiisuiosarnisanduiuvedavsuaniilouas
Aril AINNSRNANSaYAIUNTANEL HNO5 : H,O, 4 mL (2+1+1) ﬁﬁlﬂ&iaaé’wﬂﬁummﬁ'qaﬁ
gaumgil 70 °C Wuian 30 undl (n 10 Wil WBunsaman 1 mlL) wudn eliing pre-sonication
Way pre-sonication 71 5 waz 10 Uil asazanefiedsiideslderlaliid Wefiansanedosay
msléndufu nudmndasnailunis pre-sonication lde¥esagnslanduuiliwnndeiunn
sofu Tunsmmassiiadlfidenlding pre-sonication i 5 Wit ddlrnsldnduanveaniion
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120.00

] Cd

T .Pb

100.00 -

80.00

60.00

Recovery (%)

40.00

20.00

0.00 T T T T T
0 5 10

pre-sonication time(min)

[

JUN 4.6 N5 19LanANFURUSTENINIAN pre-sonication AuAITaEazAISIANGUAY

YIuARLELLaTRE Il UAeE9E T eNzannule



34

4.2.4 YSuaseanduauyt wazaaniildlunisdos
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siolasazutsaanidu 2 9n amanfildlumsgos fo 9ndl 1 Fu HNO; : H,0, (2:1) adsay 1 mL
nn 5 wiitlunisgos (Saunattumsdesidu 15 way 20 Wi uagyad 2 1@a HNO; : H,0, (2:1)
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4.2.5 gumgiitldlunisgos
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4.2.6 Uszansawlunstesseaduainuigs (UAD)

'
[

INANSANEBUIBUEUUTLENS AU 808N DIATIZNINUSUNUWAALLIEY WaLATN2
lusegamsensianiuld senitamelianisgegmeaiuaiiuias uazinaianistasiiegi

mensawuuilen (Wet digestion) #1duaBunnsgiulanamsiinsizinauanslunisedl 4.3 wui

'
Y 1 o v a

USunaandsuinuludiegrsainnistesniaesisialdunnansiusgelitud Ay suai

(%
a

Wadu 95% (toy = -1.018 ; t; = 2.10) YaanainIsnsepensaansuiiusyansnmluniseesnll

WANAAY VI8 USH1aumenInuluma81981151891n91989973 5 HANNWANANSAUABUYIIUIN 819

- a a' J i v o A Yya o 1A o w v a =a =% o v a
\ewunan Ysunaimutuegluszduivselnalaesiualndninvesnsindelsua 3uiliem
Baseladialiuiueu wikan1sTinseilaneiiaesdlinnugneies Ing Ha1sanaIne1sesas

nskanduAudmsumaiiensiandounagneiimeIsn1sgosniaedds degludisiivensula

(>85%)

M19197 4.3 UseanSnImvanisdagnigaauadungs

R Uunalansfinnseild (me/L)
yialang Method AR pa— %Recovery
A9814 A19E19+H1TUINTFIU
Cd Wet digestion (n=10) 0.0296 + 0.0012 0.0762 + 0.0031 93.20
UAD (n=10) 0.0290 + 0.0015 0.0720 + 0.0013 86.00
Pb Wet digestion (n=10) 0.0436 +0.0113 0.3567 +0.0101 104.37
UAD (n=10) 0.1135 +£0.0104 0.3933 +0.0083 93.27

(sample+std)—sample
std

*Standard Cd 0.05 mg/L, Pb 0.3 mg/L *Recovery (%) = ( ) X 100
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Abstract

A high efficiency sample preparation procedure based on sequential ultrasound-
assisted digestion was proposed and applied for acid digestion in edible seaweed samples.
The quantitative determination of cadmium and lead were analyzed using flame atomic
absorption spectrometry. The digestion parameters such as solvent system, sample mass,
pre-sonication time, sonication time, and digestion temperature were optimized. The
efficiency of the proposed ultrasound-assisted digestion procedure was evaluated by
comparing with conventional acid digestion procedure. Under the optimum conditions, the
linear range of 0 — 250 pg L™ for Cd, and 0 - 1000 pg L™ for Pb were obtained with
correlation coefficient > 0.999. The limit of detection for Cd and Pb were 0.58 and 8.87 g
L1, respectively. The limit of quantification for Cd and Pb were 1.92 and 29.58 g L*,
respectively. Relative standard deviations were 2.4 and 2.9 % for 10 pg L™ Cd and 100 g
L Pb, respectively. The proposed method was successfully applied for analysis of trace Cd
and Pb in sea grapes and some commercial seaweed products consumed in Thailand. All
analyzed samples were contaminated with Cd. The contamination of Pb were found in two

thirds of studied seaweed samples.

Keywords: Ultrasound-assisted digestion, Cadmium, Lead, Edible seaweed, Sea grapes

Introduction

Seaweeds have been consumed traditionally in Asia as a natural source of food and
medicines. In recent years, the increasing popularity of macrobiotic diets has been attributed
to the demand of these marine products. One of the popular edible seaweeds produced for
commercial cultivation in Thailand is the green seaweed from the genus Caulerpa,

particularly Caulerpa lentillifera and Caulerpa racemose varieties, is also called “Sea grapes”
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or “Green caviar”. The commercial aquaculture production is primarily of C. lentillifera
which was found in the Gulf of Thailand [1]. Normally, sea grapes are consumed fresh as a
salad vegetable. The edible seaweeds are known for their richness in polysaccharides,
proteins, dietary fibers, polyunsaturated fatty acids, vitamin, mineral and essential trace
elements, and bioactive metabolites [2]. However, the possibility for bio-sorption and bio-
accumulation of metal ions from the excellent binding group of anionic carboxylic, sulfate
and phosphate groups of proteins and polysaccharides [3] lead to the contamination of some
heavy metals in seaweeds (Table S1) and may increase health risks in seaweed consumption.
The levels of heavy metals in seaweeds have been reported to substantially vary across
species, location, season and growth-related factors [4, 5]. In Thailand, Food and Drug
Administration, the Ministry of Public Health sets a maximum level for Cd and Pb in ready-
to-eat seaweeds at 2.0 and 1.0 mg kg* dry weight, respectively. The maximum level of toxic
metals in roasted seaweeds for As, Cd, Pb and Hg are 2, 0.2, 1 and 0.5 mg kg™, respectively,
sets by the Ministry of Industry for community product standards.

Spectroscopic techniques are commonly used for trace heavy metals analysis in
edible seaweeds such as flame atomic absorption spectrometry (FAAS) [6, 7], graphite
furnace atomic absorption spectrometry (GFAAS) [8], inductively coupled plasma-optical
emission spectrometry (ICP-OES) [9-12], inductively coupled plasma-mass spectrometry
(ICP-MS) [13-17], and microwave induced plasma atomic emission spectrometry (MPAES)
[18]. The traditional wet digestion or dry ashing procedures and even microwave-assisted
digestion were required for sample pre-treatment involving complete destruction of the
organic matrix.

Alternatively, ultrasound-assisted treatment procedures have been proposed to
reduces tedious preparation steps, long digestion time, and high chemical reagent

consumption [19, 20] which are the disadvantages of the traditional acid digestion procedure.
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Under ultrasonic irradiation, the dissolution of a solid sample in a liquid phase can be
enhanced by mechanical effects from the acoustic cavitation phenomenon, and chemical
effects from the formation of free radicals and various other species [21]. Therefore,
digestion assisted by ultrasonic radiation is a simple, rapid, efficient and low-cost sample
preparation technique for determination of elements and has been employed in the analysis
of some food samples such as meat and mussel [22, 23], vegetables and dried fruits [24],
seaweeds [12, 18], juices and soft drinks [25], palm oil [26], coconut milk [27], fish [28],
unpolished rice [29], and centrifugal sugar [30].

Although, there are numerous published literatures report on heavy metals
contaminant in seaweeds. Nevertheless, only few works have been proposed on the sample
preparation procedure development, especially, the ultrasound-assisted digestion. The
developed method for determination of heavy metals in seaweed and their products is still
an analytical challenge due to their low concentration levels and the characteristics of the
matrix.

In this study, a simple, fast and reliable sample pre-treatment procedure was
developed using a sequential ultrasound-assisted acid digestion on an ultrasonic bath. The
developed procedure was applied in sea grapes and some seaweed products consumed in
Thailand for heavy metals determination by FAAS. The concentrations of Cd and Pb found
in the sea grapes and some commercially available seaweed products provided safety

information for the database of Thai seaweeds and for human dietary intake.

Materials and Methods
Chemicals and Reagents
All chemicals used were of analytical reagent grade unless otherwise stated. Deionized

water from a Simplicity 185 (Millipore, Billerica, MA, USA) with resistivity of 18.2 MQ
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cm was used throughout the experiments. Nitric acid (HNOsz, 65%, extra pure grade) and
hydrogen peroxide (H20-, 35%, extra pure grade, QREC, New Zealand) were used for the
digestion of the samples. Metals standard of Cd and Pb (1000 mg L™ for AAS, Merck,
Darmstadt, Germany) were used for all the experiments. Working standard solutions of Cd
and Pb with different concentrations were prepared by appropriately diluting the stock
solution. All glassware and plastic materials used were treated for 24 h in 10% v/v nitric acid

and rinsed with deionized water.

Instrumentation

The FAAS measurements were performed with an Agilent 280FS AA atomic
absorption spectrometer (Agilent Techologies, CA, USA) equipped with a deuterium
background corrector. A high intensity UltrAA coded multi-element (Ag/Cd/Pb/Zn) hollow
cathode lamp (Agilent Techologies, CA, USA) was employed as the radiation source. The
detection wavelength for Cd and Pb were 228.8 and 217.0 nm, respectively. All instrumental
conditions were followed according to the manufacturer’s recommendation [31] using
air/acetylene flame. Ultrasound-assisted digestion was carried out using a Crest
Powersonic™ CP1100D (Crest Ultrasonics Corporation, NJ, USA) with a table-top
ultrasonic cleaning unit and digital control display. Technical specifications were: timer 1-
99 min, Volts 230V, frequency 45 kHz, built-in heater 20-80 °C, and sonic power in 9 steps

from approximately 40% to 100% of maximum output power (360 W).

Sample collection
Nine of fresh sea grapes samples (SG1-SG9) were bought directly from various sea
grapes farms which were domestic cultivated and produced in Thailand. After delivery to

the laboratory, the samples were cleaned with deionized water and dried in an oven at 60 °C.
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Then, the dried samples were ground to fine particles using mortar and pestle and kept in a
desiccator at room temperature until it reached a constant mass. The dried samples were then
individually packaged in clean polyethylene bags and stored in a desiccator. Each sample
was analyzed in triplicate.

Fifteen samples of commercial seaweed samples were selected from convenience
stores and grocery stores in Maha Sarakham Provinces, Thailand. The selected seaweed
samples including nine of crispy seaweed snacks (SN1-SN9), the other six seaweeds for
soup (SS1-SS5) and sushi (SS6) are in the form of dried seaweeds sheet. After delivery to
the laboratory, the samples were torn to small pieces and ground to fine particles using
mortar and pestle. The fine powdered form samples were dried in an oven at 60 °C for 4 h
and stored in a desiccator at room temperature for about 10 days until it reached a constant
mass. The dried samples were then individually packaged in clean polyethylene bags and

stored in a desiccator. Each sample was analyzed in triplicate.

Sequential ultrasound-assisted digestion procedure

For optimization, different solvent systems (conc. HNO3, a mixture of conc. HNOs3 :
H202, and H20.), sample mass, pre-sonication time, sonication time and digestion
temperature were tested. To evaluate the efficiency of the process, the results obtained with
the ultrasound-assisted digestion procedure were compared with those from a conventional
acid digestion procedure.

Approximately 0.10 — 0.15 g of all dried seaweed samples were accurately weighed
into glass test tubes with cap (50 mL capacity), and 2.0 mL of 2:1 acid-oxidant mixture (conc.
HNO3 : H20,) was added. The glass tube cap was covered. All tubes were allowed to stand
for 5 min at room temperature, marked as pre-sonication time. The three steps sequential

UAD was then carried out. The temperature range of the ultrasonic bath was set at 60 °C
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using a built-in heater. The tubes were immersed in the ultrasonic water bath and subjected
to ultrasonic energy at 45 kHz for 10 min, termed as sonication time. After 10 min of the
first digestion step, 1.0 mL of 2:1 acid-oxidant mixture (conc. HNO3z : H.O2) was added and
the tubes were digested under the same condition for a further 10 min. After 10 min of the
second digestion step, 1.0 mL of 2:1 acid-oxidant mixture (conc. HNO3z : H>O>) was added
and the tubes were digested under the same condition for a last 10 min. After sonication, the
digested sample was made up to 10 mL in calibrated flasks with deionized water. Then, it
was centrifuged for 5 min at 5000 rpm and filtered through filter paper. The final volume
was stored in polyethylene bottles at 4 °C for analysis. Blanks were also treated in the same

manner without samples for each experiment.

Conventional acid digestion procedure

Acid digestion of all samples was prepared by following the wet digestion of plant
analysis reference procedures [32] with some modification. Approximately 0.5 g of each
sample was accurately weighed into a beaker, 10 mL of conc. HNO3 was then added, and
the beaker was covered with a watch glass. The beaker was allowed to stand overnight, and
the contents were heated on a hot plate for 1 h. The digestion solution was then cooled to
room temperature, followed by the addition of 1 mL of H202 (35%) and heated on a hot plate
for 20 min. A further 1 mL of H20> (35%) was then added, and heating was continued until
the color of the digestion solution became transparent. After digestion, the digestion solution
was filtered through filter paper. The final volume was made up to 50 mL in volumetric
flasks with deionized water, and stored in polyethylene bottles at 4 °C for analysis. Blanks

were also treated in the same manner without samples for each experiment.

Results and Discussion
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Optimization of the sequential ultrasound-assisted digestion

The digestion efficiency or percentage recovery of the results provided by
ultrasound-assisted digestion variable parameters was evaluated considering the optimum
conditions. By spiking the metal ions into the mixed of dried seaweed samples. The
sequential ultrasound-assisted digestion procedure by adding a series of solvent during the
sonication period was selected due to the highly digestion performance [29, 33]. The volume
of solvent was divided into 2, 1 and 1 mL for three step of sonication time (10 min each).
The parameters influencing the UAD efficiency were optimized within the variation as listed
in Table 1.

Table 1

The effect of solvent systems such as acid (conc. HNO3), oxidant (H20>), and acid-
oxidant mixture (HNOs : H202; 1:1, 1:2, 2:1) was investigated in a univariate mode by fixing
the other variables at 0.10 g sample, solvent volume 2+1+1 mL, pre-sonication time 10 min,
sonication time 30 min, and temperature 70 °C. After 30 min sonication time, incomplete
digestion samples (from visual observation) were obtained for acid and oxidant alone as
presented in Fig. S1. During digestion process, we found that H,O, combined with HNO3
can improve the efficiency of the digestion and finally provided a clear solution. This result
was consistent with published reports that oxidation of biological samples with high organic
matter (e.g. protein, carbohydrates) is usually incomplete digestion with only HNO3, the use
of H202 combined with HNO3z yielded clear solution and improved recovery [19]. In this
work, the mixture of 2:1 HNOs : H20: offers clearly digested solution and significantly
higher recoveries of Cd and Pb than from 1:1 and 1:2. Therefore, 2:1 HNO3s : H.O> was
chosen as optimum condition.

The mass of sample was evaluated in a univariate mode by fixing the other variables

at HNOs : H>O2 (2:1) volume 2+1+1 mL, pre-sonication time 10 min, sonication time 30
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min, and temperature 70 °C. High percentage recoveries (>90% for Cd and >88% for Pb)
were obtained for all sample mass studied, except for 0.20 g, incomplete digestion sample
(from visual observation) was observed and low percentage recoveries for Cd (81%) was
obtained as shown in Fig. S2. Therefore, a sample mass in a range of 0.05 — 0.15 g was
suitable for ultrasound-assisted digestion under this condition. The mass of sample employed
for metals analysis can be chosen according to their amount in the sample. The sample mass
of 0.10 g was selected for further investigated.

The effect of pre-sonication time, the time for treatment of the samples with acid-
oxidant mixtures before subjection to the ultrasonic bath, was then evaluated for different
time (0 — 10 min) intervals. As presented in Fig. S3, this parameter was not significant effect
on the recoveries of both metals studied. The optimum time was selected at 5 min (>90%
recovery for Cd and Pb).

The influence of sonication time and solvent volume on the digestion efficiency were
investigated in a univariate mode at their optimal values. The percentage recoveries obtained
(>88% for Cd and >89% for Pb) from different sonication time and solvent volume of both
metals were not significantly difference as shown in Fig.1. From visual observation, as
shown in Fig. S4, the incomplete digestion sample with yellow color was clearly observed
for 10 min sonication time (only 2 mL of digestion solvent). The other three conditions, for
15 and 20 min sonication time, pale-yellow color of digested solutions were observed. After
sonication for 30 min, the clear solutions of digested samples were obtained with practically
quantitative recoveries. Therefore, the sequential ultrasound-assisted digestion procedure by
adding a series of HNOs : H202 (2:1) into 2, 1 and 1 mL for three steps of sonication time
(10 min each) was selected.

Fig. 1
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The effect of digestion temperature was then evaluated without temperature control
and temperature control from 50, 60, 70 and 75 °C. The incomplete digestion sample with
brown-yellow color was observed for uncontrolled temperature (from visual observation),
thus, this condition was not performed to calculate the percentage recoveries. The results as
shown in Fig. 2 indicated that the ultrasound-assisted digestion efficiency increased with
increasing temperature from 50 to 60 °C, and then reached equilibrium (>90% recovery for
Cd and Pb). Therefore, the optimum temperature was selected at 60 °C.

Fig. 2

The optimized values for sequential ultrasound-assisted digestion procedure are
presented in Table 1. In addition, comparison of the digestion efficiency of both sequential
ultrasound-assisted digestion and conventional acid digestion procedures are summarized as
shown in Table 2. Satisfactory recoveries of both procedures were obtained for Cd and Pb.
According to t-test at 95% confident limit, the results obtained from both procedures were
in good agreement (tcritical = 2.101, tcaiculae = 1.792 and -1.120 for Cd and Pb, respectively).
These results indicated that the digestion efficiency of the proposed ultrasound-assisted
digestion procedure is comparable to conventional acid digestion procedure. Moreover, the
relative standard deviations of the metal concentration obtained after digestion by sequential
ultrasound-assisted digestion are trend to be lower than conventional acid digestion.

Table 2

Analytical features of the proposed method

The analytical characteristics of the proposed method were investigated. Using the
optimum conditions as described above, the standard calibration in the range of 0 — 250 ug
L for Cd, and 0 — 1000 pg L for Pb were constructed by plotting the absorbance against

concentrations. Under the selected conditions, a linear calibration graph was obtained for Cd
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and Pb, with the calibration equations y = (2.549 x 10#)x, R? = 0.9999 for Cd, and y = (2.958
x 10°)x, R? = 0.9997 for Pb, respectively. The limits of detection (LOD) (3c/s) and
quantification (LOQ) (10c/s) (where o is standard deviation of digestion blank (n=7) and s
is the slope of calibration curve) were obtained at LOD 0.58 g L, LOQ 1.92 pg L for Cd,
and LOD 8.87 ug L?, LOQ 29.58 pg L* for Pb, respectively. The relative standard
deviations for eleven replicate determinations of 10 pg L™ for Cd and 100 pg L™ Pb were
2.4 and 2.9%, respectively. The reproducibility for seven determinations of 10 pg L for Cd
and 100 pg L for Pb were 3.3 and 3.4%, respectively.

The analytical performance of the proposed method has been compared in Table S1
with previous methods for determination of Cd and Pb in various seaweed samples. The
sensitivity of the proposed assay was lower than other ICP-OES and ICP-MS system.
However, the sensitivity of this proposed method are comparable to other FAAS and
MPAES system and it is enough to measure metal contaminants in seaweed samples.
Comparing to previous sample pre-treatment procedures, these proposed sequential
ultrasound-assisted digestion provides some advantages such as ease of operation, short

operation time, and high sample throughput.

Analysis of edible seaweed samples

The proposed sequential ultrasound-assisted digestion procedure was employed for
FAAS determination of Cd and Pb in edible seaweed samples. The analysis results of Cd
and Pb in all samples are presented in Table 3. To perform the recovery study, all samples
were spiked with Cd and Pb at 50 and 300 pg L, respectively. Satisfactory results for the
concentration levels studied were obtained for Cd and Pb, with percentage recoveries of 86

—111% and 82 — 100%, respectively.
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As presented in Table 3, all studied samples were contaminated with Cd. In addition,
Pb were found in most of all sea grapes samples, two samples of crispy seaweed snacks (SN5
and SN9), and all seaweed for soup samples. According to the maximum permitted level
(MPL) in ready-to-eat seaweed of Cd at 2.0 mg kg™ and Pb at 1.0 mg kg sets by Food and
Drug Administration, the Ministry of Public Health, the amounts of Cd found in five samples
of crispy seaweed snacks (SN1 and SN8) and seaweed for soup (SS1, SS2 and SS3) were
higher than the MPL level. Moreover, concentration of Pb found in most of all samples were
higher than the MPL level.

The amount of Cd and Pb found in sea grapes (SG1-SG9) trend to be higher than the
amount of Cd and Pb found in other sea grapes from other countries (Table S1), especially
for Pb. This might be due to the cultivation farms are located nearby the industry zone in the
Gulf of Thailand. However, it should be noted that sea grapes samples were analyzed in
dried form, generally, the sea grapes are consumed in fresh form.

Table 3

Conclusions

A sequential ultrasound-assisted digestion was successfully applied for the acid
digestion of edible seaweed samples. Determination of Cd and Pb was performed by flame
atomic absorption spectrometry with sensitive, precise and accurate results. The
recommended method offers a rapid, easy, convenient, inexpensive, reproducible, high
sample throughput, and low chemical consumption for digestion of edible seaweed samples,
compared to the conventional wet acid digestion. This study provides significant data on the
safety and quality of sea grapes and some commercially available seaweed products

consumed in Thailand. In addition, the proposed method for the digestion and quantification
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of Cd and Pb in seaweeds, will help to advance the analysis of heavy metals content in similar

food sample varieties.

Acknowledgements

Additional support from the Center of Excellence for Innovation in Chemistry
(PERCH-CIC), Ministry of Higher Education, Science, Research and Innovation was
greatly appreciated. The authors wish to thank Ms. Darika Jewkhuntod and Ms. Pimonpon

Trinak for their laboratory assistance.

Funding
The authors gratefully acknowledge the financial support from Mahasarakham

University (Grant year 2021) and the Mahasarakham University Development Fund.

Declarations
Conflicts of interest

The authors declare that they have no conflicts of interest.

References
1. U. Sompong, J. Mingkaew, D. Amornlerdpison, K. Mengumphan, Maejo Int. J.
Energy Environ. Commun. 2, 17 (2020).
https://doi.org/10.54279/mijeec.v2i1.244947
2. A. Bocanegra, S. Bastida, J. Benedi, S. Rodenas, F.J. Sanchez-Muniz, J. Med. Food
12, 236 (2009). https://doi.org/10.1089/jmf.2008.0151
3. T.A. Davis, B. Volesky, A. Mucci, Water Res. 37, 4311 (2003).

https://doi.org/10.1016/S0043-1354(03)00293-8



4. M.Y.Roleda, H. Marfaing, N. Desnica, R. Jonsdottir, J. Skjermo, C. Rebours, U.
Nitschke, Food Control 95, 121 (2019).
https://doi.org/10.1016/j.foodcont.2018.07.031

5. G.B. Brito, T.L. de Souza, F.C. Bressy, C.W.N. Moura, M.G.A. Korn, Mar. Pollut.
Bull. 64, 2238 (2012). https://doi.org/10.1016/j.marpolbul.2012.06.022

6. A. Arulkumar, P. Nigariga, S. Paramasivam, R.Rajaram, Chemosphere 221, 856
(2019). https://doi.org/10.1016/j.chemosphere.2019.01.007

7. N.L. Llanos, S.M.B. Dalawampu, Int. J. Adv. Res. 5, 1429 (2017).
http://dx.doi.org/10.21474/1JAR01/4264

8. C. Almela, M.J. Clemente, D. Ve'lez, R. Montoro, Food Chem. Toxicol. 44, 1901
(2006). https://doi.org/10.1016/}.fct.2006.06.011

9. M.U. Khandaker, N.O. Chijioke, N.A.B. Heffny, D.A. Bradley, A. Alsubaie, A.
Sulieman, M. R.1. Faruque, M.I. Sayyed, K.S. Al-mugren, Foods 10, 381 (2021).
https://doi.org/10.3390/foods10020381

10. S.E. Perryman, I. Lapong, A. Mustafa, R. Sabang, M.A. Rimmer, Aquac. Rep. 5,
27 (2017). https://doi.org/10.1016/j.aqrep.2016.12.002

11. C. Rubio, G. Napoleone, G. Luis-Gonzalez, A.J. Gutierrez, D. Gonzalez-Weller,

A. Hardisson, C. Revert, Chemosphere 173, 572 (2017).
https://doi.org/10.1016/j.chemosphere.2017.01.064

12. R. Dominguez-Gonzalez, A. Moreda-Pineiro, A. Bermejo-Barrera, P. Bermejo-
Barrera, Talanta 66, 937 (2005). https://doi.org/10.1016/j.talanta.2004.12.051

13. F. Panebianco, V. Nava, F. Giarratana, T. Gervasi, N. Cicero, J. Food Compos.

Anal. 104, 104150 (2021). https://doi.org/10.1016/j.jfca.2021.104150


https://doi.org/10.1016/j.fct.2006.06.011

14

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

61

. M. Filippini, A. Baldisserotto, S. Menotta, G. Fedrizzi, S. Rubini, D. Gigliotti, G.
Valpiani, R. Buzzi, S. Manfredini, S. Vertuani, Chemosphere 263, 127983 (2021).
https://doi.org/10.1016/j.chemosphere.2020.127983

N. Khan, K.Y. Ryu, J.Y. Choi, E.Y. Nho, G. Habte, H. Choi, M.H. Kim, K.S. Park,
K.S. Kim, Food Chem. 169, 464 (2015).
http://dx.doi.org/10.1016/j.foodchem.2014.08.020

N.A. Paul, N. Neveux, M. Magnusson, R. de Nys, J. Appl. Phycol. 26, 1833 (2014).
https://doi.org/10.1007/s10811-013-0227-9

S.R. de la Rocha, F.J. Sanchez-Muniz, M. Gomez-Juaristi, M.T.L. Marin, J. Food
Compos. Anal. 22, 330 (2009). https://doi.org/10.1016/j.jfca.2008.10.021

B.D. Neher, S.M. Azcarate, J.M. Camifia, M. Savio, Food Chem. 257, 295 (2018).
https://doi.org/10.1016/j.foodchem.2018.03.011

T.G. Kazi, M.K. Jamali, M.B. Arain, H.l. Afridi, N. Jalbani, R.A. Sarfraz, R. Ansari,
J. Hazard. Mater. 161, 1391 (2009). https://doi.org/10.1016/j.jhazmat.2008.04.103
T.G. Kazi, N. Jalbani, M.B. Arain, M.K. Jamali, H.I. Afridi, A.Q. Shah, Environ.
Monit. Assess. 154, 155 (2009). https://doi.org/10.1007/s10661-008-0386-3

F. Priego-Capote, M.D. Luque de Castro, J. Biochem. Bioph. Meth. 299, 70 (2007).
https://doi.org/10.1016/j.jbbm.2006.09.006

M.C. Yebra-Biurrun, A. Moreno-Cid, S. Cancela-Perez, Talanta 66, 691 (2005).
https://doi.org/10.1016/j.talanta.2004.12.019

A. Moreno-Cid, M.C. Yebra, Spectrochim. Acta B 57, 967 (2002).
https://doi.org/10.1016/S0584-8547(02)00030-7

M.C. Yebra, S. Cancela, Anal. Bioanal. Chem. 382, 1093 (2005).

https://doi.org/10.1007/s00216-005-3237-x


http://dx.doi.org/10.1016/j.foodchem.2014.08.020

25.

26.

27,

28.

29.

30.

31.

32.

33.

62

N. Jalbani, T.G. Kazi, B.M. Arain, M.K. Jamali, H.l. Afridi, R.A. Sarfraz, Talanta
70, 307 (2006). https://doi.org/10.1016/j.talanta.2006.02.045

J.C. Cypriano, M.A.C. Matos, R.C. Matos, Microchem. J. 90, 26 (2008).
https://doi.org/10.1016/j.microc.2008.03.001

D.C.M.B. Santos, L.S.B. Carvalho, D.C. Lima, D.J. Leao, L.S.G. Teixeira, M.G.A.
Korn, J. Food Compos. Anal. 34, 75 (2014).
http://dx.doi.org/10.1016/j.jfca.2014.02.008

P.M. de Lima, B. Cavecci, P.S. Roldan, C.P. Braga, C.C.F. Padilha, L.E. Pezzato,
P.M. Padilha, J. Food Meas. Charact. 10, 113 (2016).
https://doi.org/10.1007/s11694-015-9283-y

W. Siriangkhawut, P. Sittichan, K. Ponhong, P. Chantiratikul, J. Food Compos.
Anal. 59, 145 (2017). https://doi.org/10.1016/j.jfca.2017.02.018

J.M. dos Santos, J.K. de Andrade, F. Galvéo, M.L. Felsner, Food Chem. 292, 66
(2019). https://doi.org/10.1016/j.foodchem.2019.04.037

Agilent Technologies Inc., The manual of flame atomic absorption spectrometry
analytical method: standard conditions of Cd and Pb, 10th ed. (USA, 2012), pp. 25
and 55.

C.R. Campbell and C.O. Plank, in Plant Analysis Reference Procedures for the
Southern Region of the United States, ed. By C.O. Plank (Southern Cooperative,
Georgia,1992),p.7,https://aesl.ces.uga.edu/sera6/PUB/PlantAnalysisReferenceProce
dures.pdf. Accessed 5 May 2020.

W. Siriangkhawut, P. Sittichan, K. Ponhong, P. Chantiratikul, J. Food Drug Anal.

25, 960 (2017). https://doi.org/10.1016/j.jfda.2016.12.011


file:///D:/Office_MSU/Publications/Seaweed_CdPb_UAE_FAAS/J.%20Food%20Meas.%20Charact

63

Captions for Figures and Tables

Fig. 1 Effect of sonication time on the ultrasound-assisted digestion efficiency (conditions
are described in the text)

Fig. 2 Effect of digestion temperature on the ultrasound-assisted digestion efficiency
(conditions are described in the text)

Table 1 Optimum conditions for the sequential ultrasound-assisted digestion of edible
seaweed samples

Table 2 Digestion efficiency of the proposed ultrasound-assisted digestion procedure at
optimum conditions

Table 3 Analysis of cadmium and lead in sea grapes and some seaweed product samples

by proposed ultrasound-assisted digestion-FAAS method
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Table 1 Optimum conditions for the sequential ultrasound-assisted digestion of edible seaweed samples

Digestion parameters Variation

Optimized value

Solvent system

Series of

HNO; 2+1+1 mL

H,0; 2+1+1 mL

HNO;3 : H,0, (1:1) 2+1+1 mL
HNO;3 : H,0, (1:2) 2+1+1 mL
HNO; : H,0, (2:1) 2+1+1 mL

Series of
HNO; : H,0 (2:1) 2+1+1 mL

Sample mass 0.05,0.10,0.15,0.20 g 0.05-0.15¢
Pre-sonication time 0, 5, 10 min 5 min
Sonication time (and volume of | 10 min : 10 min (2 mL) 30 min : 10 min (2 mL), 10

solvent) 15 min : 10 min (2 mL), 5 min (1 mL)

20 min : 10 min (2 mL), 10 min (1 mL)

20 min : 10 min (2 mL), 5 min (1 mL),
5 min (1 mL)

30 min : 10 min (2 mL), 10 min (1 mL),

10 min (1 mL)

min (1 mL), 10 min (1 mL)

Digestion temperature uncontrolled, 50, 60, 70, 75 °C 60 °C

Table 2 Digestion efficiency of the proposed ultrasound-assisted digestion procedure at optimum conditions

Sequential ultrasound-assisted
Conventional acid digestion (n=10)
Metal | Added (ug L?) digestion (n=10)
Found (ug L) Recovery (%) Found (ug L) Recovery (%)
0 29.6 +1.2 29.0+15
Cd 103.3+£4.0 100.9+1.2
50 81.3+3.1 795+1.3
(3.9 %RSD) (1.2 %RSD)
0 ND ND
Pb 96.5+3.4 98.0+2.8
300 289.4 £ 10.1 294.0+£8.3
(3.5 %RSD) (2.8 %RSD)




Table 3 Analysis of cadmium and lead in sea grapes and some seaweed product samples by proposed

ultrasound-assisted digestion-FAAS method

Type of sample? Cd Pb
Amount (mg kg?) Recovery (%) Amount (mg kg?) Recovery (%)
SG1 0.53+0.04 90.8+£0.0 2.69+1.16 84.2+3.3
SG2 0.39+0.14 93.6+1.2 <LOQ" 90.0+4.9
0.84+1.18
SG3 0.25+£0.02 90.1+£0.0 4,18 £ 0.39 90.7+ 2.0
SG4 0.55+0.12 92.3+1.9 4,88 +0.99 86.5+2.0
SG5 0.32 £ 0.08 93.2+0.6 5.57+£0.39 90.7+ 2.0
SG6 1.33+£0.00 92.1+£3.2 5.97+£0.19 82.3+3.8
SG7 0.63+0.04 91.7+0.0 2.39+0.38 98.9+85
SG8 0.83+£0.06 935+£13 6.24 £ 0.55 82.3+5.6
SG9 0.90 £ 0.02 92.8+£0.0 ND°¢ 91.6+4.2
SN1 3.74 £ 0.07 86.7+£0.6 ND 95.6+2.8
SN2 0.75+0.06 916+£1.2 ND 93.6+2.8
SN3 0.24 £0.02 88.8+1.7 ND 99.6 + 3.8
SN4 0.25+0.00 88.3+£1.2 ND 99.6 £ 0.0
SN5 0.56 £ 0.00 89.2+1.2 2.92+0.19 97628
SN6 0.53+0.02 97.1+£1.2 ND 88.9+19
SN7 0.35+0.04 95.4+£0.6 ND 922+0.9
SN8 2.16 £0.04 94.4+4.4 ND 90.8+0.0
SN9 0.64 £ 0.00 92.6+3.2 2.03x0.01 87924
SS1 244 +0.19 98.7+45 2.85+0.65 926 1.7
SS2 3.41+0.02 90.3+ 0.6 4.01+£0.33 91.1+25
SS3 3.00 £ 0.08 87.0+5.1 3.58+0.33 88.1+34
SS4 1.56 £0.02 858+1.1 5.18+£0.01 95.1+1.6
SS5 1.43+£0.01 88.7+£0.6 5.56 £0.18 90.0+0.8
SS6 1.08 £0.04 1105+1.9 ND 99.4+ 3.9

2 SG1 - SGY, sea grapes; SN1 — SN9, crispy seaweed snack; SS1-SS6, seaweed for soup and sushi

b <. OQ, below limit of quantification of Cd 1.92 pg L*; 0.13 mg kg* and Pb 29.58 pg L*; 1.97 mg kg™
° ND, Not detected or below detection limit of Cd 0.58 pg L*; 0.04 mg kg* and Pb 8.87 ug L; 0.59 mg kg
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