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Group | contained the largest number of isolates: three
from PIF (HT032 to HT034), 13 from food, and the
three reference strains (Fig. 1). The other food isolates,
except HT026 and HT009, were assigned to group 11
The sequence from HT026 was assigned to group 11T
along with another reference sequence (AYS79153),
and HT009 was assigned to group IV. These observa-
tions agreed with a previous report on E. sukazakii het-
erogeneity (9).

Next, the survival of E. sakazakii in response to ther-
mal stress was examined, essentially as described previ-
ously (2). In brief, approximately 10" £. sakazakii cells
were grown in tryptic soy broth (TSB, Becton Dickin-
son) for 20 hr at 37 C, washed, and resuspended in 10
ml of sterile phosphate buffered saline (PBS, pH 7.4) 10
a final ODyy, of 0.25. The suspensions were incubated at
60 C for 90 min, and 100-p! aliquots of the suspension
and its serial dilutions were spread on TSA at 30-min
intervals, for later quantification of the CFUs.

Representative data are shown in Fig. 2. Across the
strains, there was an almost 10*-fold divergence in ther-
mal resistance. For example, after the 90-min incuba-
tion at 60 C, more than 10* CFU/ml of the three ATCC
strains (29004, 29544, and BAA-894) still survived
(data not shown), but two of the food strains, HT023
and HT030, formed no colonies (Fig. 2). From the
thermal-resistance data, we assigned the isolates to
three classes: class R, heat-resistant (more than 10°
viable cells/ml following heat treatment): class S, heat-

logCFU/ml
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Fig. 2. Survival of E. sakazakii in response to thermal stress.
The graph shows survival data for representative isolates: closed
symbols represent heat-resistant (class R) isolates HTOO03 (M),
1ITO26 (4). HTO3 1 (A), HTO33 (@): half-tone (gray) symbols
represent class M isolates HTOOS (B, HITO10 (). HTO24 (&),
HTO25 (@): open symbols denote the heat-sensitive (class S)
isolates HTO07 (C. HTO11 ¢ HTO23 (). and HT030 (O,

sensitive (fewer than 10° viable cells/ml); and class M
(cell survival between 107 and 10* cells/ml). We found
that 8 of the 13 food isolates (61.5%) in group [ and 2 of
the 12 (16.7%) isolates in group II belonged to the R
class (Table 1).

Given the variety in thermal resistance and genelic
diversity among the E. sukazakii isolates, we predicted
that a comparison of the gene expression profiles
between heat-resistant isolates (class R) and heat-sensi-
tive isolates (class S) might also show differences. To
explore this issue, we performed a differential display
PCR of E. sakazakii RNA obtained from representative
class R (HT003, HT033) and class S (HTO07, HTO11)
strains, using the GeneFishing DEG101 system (See-
gene). Briefly, total RNA was isolated from E. sakaza-
kii grown in TSB at 37 C at an ODyy of 0.40-0.45 and
reverse-transcribed  with the dT-ACPL primer (5%
CTGTGAATGCTGCGACTACGATCCCCC(T)w-3").
Each 50-ng aliquot of ¢DNA was then subjected to
PCR with the following primer pairs: arbitrary ACP
primers (Al through A20) and the anchor dT-ACP2
primer  (5-CTGTGAATGCTGCGACTACGATXXX-
XX(T)s-3").

Among the differentially regulated genes that were
clearly transcribed, partial genes for 165 rRNA, the
heat-shock protein grofL, translation initiation factor
infB, and histone-like protein hns# were identified (Fig.
3A). To validate the results and to determine the relative
abundance of the target sequences, two-step real-time
quantitative PCR was performed using the SYBR
Green Master mix in a LightCycler 480 (Roche). The
primers, which were designed from the DEG sequences
using Primer Express software ver.3.0 (Applied Biosys-
tems), were as follows: infB (5-GCTGCGGAAAC-
GAGCAA-3" and 5-TCCGCCTGAGCAGCTTTG-3),
165 rRNA (5-TCCCCTACGGTTACCTTGTTTC-3'
and 5-GCGCTTGCCACTTTGTGA-3"), grokL (5
TGTTGCTGCGCCTACTTTCA-3" and 5-AGGAAC
GCGTAGCGAAACTG-3), and hnsB (5-GCAATG-
GCGCGTGACTTC-3" and 5-CGTAACGATGCGGA-
ATTTCTC-3).

A real-time RT-PCR swudy using four each of repre-
sentative heat-resistant and heat-sensitive isolates (class
R—HTO03, HT026, HT0031, and HTO33; class S—
HTO07, HTO11, HT023, and HTO30) revealed that the
high expression levels of the groLL and insB genes
were not specific to either the R or S isolates (data not
shown). Therefore. these seemed 1o be non-specific
signals. In contrast, the infB gene was transcribed at
higher levels by all the class R isolates than the class S
isolates, in which it was either undetectable or tran-
seribed at very low levels (Fig. 3B).

PCR of the other E. sakazakii isolates, using the
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Fig. 3. PCR assay for charactenzation of thermo-tolerant E. sakazakii. A) ACP-PCR of E. sakazakii 1solates. Representative £.
sakazakii heat-resistant isolates HT003 (a) and HT033 (b) and heat-sensitive 1solates HTOO7 (¢) and HTO11 (d) were examined
for differential gene expression profiles using an arbitrary PCR assay. Each arrow indicates a band that was differentially
expressed among the phenotypes. The numbers denote the idenuty of the bands (accession numbers in the parenthesis): | and
3. inf/B (AB265685): 2. 16S rRNA (AB265686): 4. groEL (AB265687). 5. hnsB (AB265688). ACP primers were as follows.
ACP4. 3-GTCTACCAGGCATTCGCTTCATXXXXXGCTGCTCGCG-3 ACPS. 5-GTCTACCAGGCATTCGCTTCA-
TXXXXXAGTGCGCTCG-3% ACPY. 5-“GTCTACCAGGCATTCGCTTCATXXXXXGATGCCGCTG-3 ACP16. 5-GTC-
TACCAGGCATTCGCTTCATXXXXXGTCGACGGTG-3% ACPIT7. 3-GTCTACCAGGCATTCGCTTCATX XX XX CAA-
GCCCACG-3". B) Real-time PCR was used to calculate the relative expression ratio of infB/16S rRNA for each of four isolates
mn classes R and S, (C) Ahgnment of the mfB sequence fragment tor representative . sakazakii isolates. E. cloacae
(AJOO2736). S. Tvphimunum (AJOO2552). and K. oxyvioea (AJO02735). Nucleotides identical to ATCC29544 are shown as

dots, and asterisks mean identical nucleotides among all isolates tested. respectively
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Table 2. Detection of infB mRNA in E. sakazakii

Class® No. of No. of infB infB mRNA/16S rRNA (copies)”
o isnlates DNA +" <0.001 0.001-0.01 0.01-0.1 0.1-1.0
R 16 16 — —_— 16
] ]
% et
" e - (HTO10) (HT024)
. 3 - N o
8 L - (HTOO7. 0L D)
Total 33 20 1 ] 16

' The classification of heat-resistant phenotypes is shown (R, heat-resistant; M, intermediate; S, heat-sensitive).
“ Numbers of isolates in which infB DNA was detected by PCR using the same primer pairs as for the real-time PCR assay.
' Relative gene expression values (infB mRNA/16S rRNA copies) are shown. Isolate names given in the parenthesis in some cases.

same infB primer pair as for the real-time PCR, failed 1o
amplify infB DNA in several cases (Table 1), which
suggested considerable genetic diversity in this region
among E. sakazakii strains. To clarify this result, we
performed PCR-based direct sequencing of the 876-bp
infB fragment with a different primer set (5-GCG-
TAATAAACTGTAGCAGGAA-3' and 5~
CGTTCTCTTCAGCCATACGAC-3", which  was
designed from the obtained sequence with the DNA
walking speed up kit 2 (Seegene). PCR amplification of
the 876-bp infB fragment could be successfully per-
formed, and the sequence alignment showed that the
target nucleotides used for the real-time PCR assay
were highly variable among E. sakazakii isolates, and
were also different from the infB sequences of other
bacteria, such as E. cloacae (AJ0027306), Salmonella
Typhimurium (AJO02552), and Klebsiella oxytoca
(AJ002735) (Fig. 3C). These findings support our
interpretation of our finding that the infB8 DNA frag-
ment could not be amplified from all the strains using
our original primer set (Tables 1, 2).

Real-time PCR enables the rapid and sensitive detec-
tion of the causatve agent from food and environment
(14). E. sakazakii also can be detected by the genetic
method with either the rpsU-dnaG genes of the macro-
molecular synthesis (MMS) operon, or the 16-235
rRNA spacer region as targets (13, 17). Because the
PCR assay detects the bacterial DNA regardless of via-
bility, the result often did not comrelate with the bacterial
CFU recovered by the culture method. On the other
hand, the real-time RT-PCR that targets RNA rather
than DNA, not only provides a measure of cell viability
but can also be used for quantitative analysis. Because
the expression of the infB8 gene among L. sakazakii
associates with the thermal wolerance as shown in this
study, application of infB8 as a target for real-time RT-
PCR assay should facilitate the selective detection and
quantification of thermo-tolerant E. sakazakii in food
and the environment. This could be a valuable analyti-

cal tool for identifying and tracing sources ol environ-
menltal contamination in PIF processing facilities.

The infB gene encodes the prokaryolic translation
mitiation factor (1IF2), a central macromolecular com-
ponent of the ribosomal 708 nitation complex (12). In
E. coli, infB encodes three forms of [F2 (IF2q, 1F20,
and IF2y). IF2p and IF2y are translated in tandem {rom
intact infB mRNA, and are not from post-transcription-
ally truncated mRNAs (12). The IF2 family members
have independent functions, suggesting there might be a
difference in the functions of IF2 molecules between
heat-resistant E. sakazakii and heat-sensitive isolates.
The biological significance of the infBB mRNA levels
among the £. sakazakii isolates might therefore be in
influencing the transcription/translation of a large num-
ber of genes. [t would thus be helpful w0 obtain the
complete genome sequence of £, sakazakii, o elucidate
such regulation, as well as other functional roles of the
stress-response mechanisms of the pathogen.

Despite finding differences in gene expression pat-
terns in association with the differences in thermal
resistance, we could not identify any clinical associa-
tions between the magnitude of stress-resistance and the
severity of human disease, because F. sakazakit infec-
tion has not been reported in Japan. More isolates from
humans need to be analyzed with these methods to bet-
ter characterize the E. sakazakii in the food reservoir (5,
7).

We are grateful to Drs. Leslie Miglietta and Grace Gray for
the critical reading of this manuscript. This work was supported
by a grant from the Ministry of Health. Labour and Welfare
(Research on Food Safety). Japan.
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1. RL®IC

Enterobacter sakazakii (2, HAE T2t b ~OERGEICE
L, chETchEnEFEanscC s@tumnor. AFiddl
AT RAENRILEFRL, LR MR B
BLTVWAEVWHIHABEAFLILE, bhbhid AR
Wiz A Dik, ShE TRENICNBLTCELEAT
FHAEL TOSFEROMBAUMREORER ) 2 H ItEH
HEETNTVWHL-KALHTH S, FK 13 EEL DB
En-EESBBEEWENR, VR 7 TELMT A 2E
BlBo777 4+ 7 —~—-5v252BRLTETE, &
FEILL 22 257 ) TIEO EBLMRIETH 2 SRR % i
B4 24 A BB IR L T BRI A 4EE
RS D BRI BT 2 ic o W T3, RERGEBEERTR
MEBALEMNSEFICEAMNCRBA T Wb TH S5,
BNz &1 5 E. sakazakii 12 & 50 EBIR A OFEF 2
2|z lih -1,

20042 HE 200658, RAAD Y2k —TD
WHOZS i\ T “FLEAAMNMA DO Enterobacter
sakazakii =B84 5 FAO/WHO &EI1HMEQW HHE
aht, ThoDLWMSBWT, E sakazakii DHE, &
F, ERAANBIL S ORBR ) 2 7 CMT 3HFNLE
ghixh, AEONEAAMMALSRALROERSL LUV
EEORAEL LS LeERan. £ETERTR, FHEKC
Bt ainETOWMEEE LD

2. TyFOnRIE—-HhFLid

x v 7oy v —~[BHE (Enterobacter spp.) i3, @ik
KD 7 5 ARHEIRET, kb« BPOBRTFARCREGI
B aHLTWS, Db, xvFusg— o 4h Yy
*+ (Enterobacter sakazakii) |1, FREFENHBEML S, Ho
TP I o = — K (Yellow pigmented) Enetero-
bacter cloacae & L CTERFR& LTy 22008, BRIETIIHIE
ELTHEShTVS BEATRFRCZISIATHLR
S CPRRT A EMELALTH AN, IR ok
BESLREALZE EEEEARERLE LT, BMEP
WIEHBAARIET A Loinn, BESBAICIMES
* BURERRSWEFTER T168-8501 WRHMEHAX b

BE 1-18-1

EHRS 59718,

Az, FFEHROATREETELVILEGE,
16 S U # /= &RF)IC & 2 MEFH DA ITON S, &
BD 168 Y £/ —4 RNA YL, E cloacae &#)97.0%
—¥F 55, —H T Citrobacter koseri & & 97T8% & FH 0
HRKEELTELY, AEOSHEIISEBAONRE LN
DH55LEDLRS,

BIEDOBBEFIRC YV TRHOVELBO M E BT » TV
W, FLIBRIERRM LA L R A B HEE s N TE
D, BHFAUREARLE LTI ATVWS, —/FThS
i B 2 BROERERL SUILERERKOBRICLS
RIERIRIC oW T OSMEL - TV,

3. b¥ - MRPIIBITIINH

E. sakazakii OBMIc B ZRIEF 2T F TICHIE X
htwgy, FEHREE K B EK e rEENQ
EhoEHEERREEINAY —H, P EDD Y
Fam)), LEVRHEEODSRE-FHEMLSHLIELIEL
BHEN 320 o0l &hs, FUBAMERCET X
BELRLY, FRREYCPRIBEEROERBKE LT
BHELCWALEZ OhTWL A2, Thi cloAlror
Shi-®BMmeE LTIE, 59 rR20AxBNRITLNE
M, oo EFEENLORBICKT ARG RDEV, —K
T, X (Stomoxys calcitrans) (T EE LB E L L TH
BELTWaEHEINTWE., 295 LR EEn
CAEEENT I LTRAERES | ERIL, ChEE
BT DI & TS BIEL TV AAEEMEN | D OBRPE
e LTHEEENS.

4, EFIBITEES

AREPAE I X D HE RIS I 1958 FiZ A ¥ 2 TH)
WTHESFER NS FDiE, #+ Y, Su¥E-, F
vT=7, TAZAI¥F, F4vy, ¥)ve, 4251
W, F3v¥, A4y, TrYyApLMREET, FiC
WRERMTES BH, WIMGE, IR RKREEEL
ERLGHEshTHa. AR ARLICEEICRE LT
EIERNHEBIc>WTE VISR L .
RIFHETREIcR2 &, WomcmER - JLshBo 7
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® |, E sakozakii |24 5L REBOEH (ki)

e Ba i dedi] BEH REEH Sk
1958 1%y FEH 2 2 15
1965 Fow—2 FER 1 0 8
1979 TAYN TRER 1 0 11
1981 TAYA E:| 1 0 9
1983 309 JLRBENMILDEY 8 0 12
1985 ) vy ABH 1 0 2
1986~87 TAR5 o F LERBRNmIL 3 1 4.6
1987 TAYA BH 2 0 18
1988 TANA FLRRAEHA 4 0 14
1990 TAYRN TLyy— 1 0 13
1590 TAYA FU:| 1 0 7
1995~96 TANA ES: 5 3 (HADEH) 10
1998 ~NF— LR ALk 12 2 16
2000 TAYRN J8H ] 0 5
1999~2000 41 25T i FLR A sy AL 2 0 3
2001 TAYN LRRSE%NEIL 10 ] 17, 44

HEHE VN, BRAICBWTHRERED SN TE D, B 6. TOHOMR

GERCLEEMGHZS GRICE ARG 22 (1) Mt

2, REAL, KPR, 25 kg U T TOEGEREN S
D772 9= E0EFE 1215, ThoOFENHMAK
SUTIMEFRAZL (, BEHEETS 5 A THEANICE
i 2RERROEE, * L TAKERCMT 2 TROHHR
SHTid, FBh - ERANER T A LS RRICBR T X
RETHE, s, FBPMECEAICET ARERVER
WRshTE ¥, BEFSBMHMERARTAORAS D
HEMEE & CHREEMIC BT ZHRHENLE Lo,
WHEHBDTVWEREZATHS,

5. PR - RERHCMTIAR
FEOEFEHC2VTIE, WELEBHOSHEL TV
05, E cloacae TIINETIIHEBR =TaonNsF v,
NTINF =R EBERKTREAFL LTHEE LT
A F 7, Pagotto 5 RHADA= o AXHOTHSHE
8 ¥k, ERERBFMNR 9B L S SHEABEE (ATCC29544) o5
WTED - WEPATSBSORTER L O itz v Fa b 4
voEERERIL, BHRBTO  FobFy oEEE
fHAAEYE (CHO, Vero, Y-1) ILERMILERN&H 2 2 & %5
LTwa, Ff, BORGEI L2 8 DEFENIZ 10°H
ThH-1:leho, FERORDEFEMIERIIE,
s TR IRE OB Q% F 3 - LR RS IS B, 1%
MElfkuEER CREBEY A L0 o, BELOTRBEz LY
FESRELTVBLBERTITLES,
ChETHFER AHRICET B E sakazakii &y
VPN TEEFLIEHEINTOED, b FicE T 2K
B »LWToHIRREB STV, Iverson 513, #§
BRZE & v 3 BEERIFAR 2 |l 44 8l & L T Escherichia coli
0157 : H7, Listeria monocytogenes M1#& %KY 4b, Neisseria
meningitidis 73 & DRPRBMTH L 10 FEHEFETIELV
MEBELTVLASHM

FURABMHILIEKEROVTHERT A Eh G, A
OFMBECBALTHEORBEEEA TV A,
Enterobacter B 13 B o HMUEST VL OHE LS
416303048, MIGEAEEE L TEBEAEELTVL S
DI DO TIRESLHBEh TV 33239 Nazarowec-
White & Farber 52, JL'BHBARKTLH T O XE O M#
BRSOV TIH TR ET-> TV 3. BSRAGHER
5k & BREKHIR 5 Bk 10 Bk % FLE A ERMEL 1 mL &
120 10T EERALHBERL, 52~60CHMT T D {#
HE54853~2545T, 105" WMo BREIZ 12 60°CT 15~
175 OMELLEEBH LT WA, 4, Iversen &
GHEBRSEMEILDTO D (#% 54~62°CT 16.4~0.3 4}
EMH LTV B, E sakazakii Ti38kIC & 2 MK
DK 20 512 R, PR (ATCC 51329) i3l b
MicEs (. EIRMRERO R OBIERME RS C SN
TLaH, KERIRBENUAMNBERETH 2 Listeria
monacytogenes \ZH 5 E MR A E VbR TWS
03%, fthad Enterobacter B & (iED b TH D, —
MEVIMBBRE RS L CSREFHHHAE (HTST, 71.2
C15%) itk »THREHL 5 2%,

(2) FEAWE

94 TOBRIHUEEE L DL, B-57 ¥ L BEF N
TAWE S 7 70 v E sakazakii ¥ ) 4 Fic BT
ACENHEINTVLAET, KEIE + OBFAICH B0
RRGEE L THRICEBT 522 255, BRAMEOLE
BELTHET LB LEDN S,

7. LEBARYUMIOSLER

Muytjens 53, 35 hETHAEET AL EHIENHTL
at 141 #RiEZNM L, 52.5% THAPMER O MES o
HH, TOHE20KIE (142%) £ v E. sakazakii % B
L TWA¥  Leuscher (2004) SO#EICHE WT b 584
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FLUNEREMBAO L Fussy 7 - o hHF R J-231

A 8 Ba 1A (13.8%) /& E sokazakii B EhTSH
0, FEIILERAMMEAELEAFERLTVWALEDN
5, —AHT, BREHICHOVLTIRINg B 0.36~66
8 LMD TENSO, Cok) EHERERE 1 Eic BN
T AR BRI 18 g M T A EMOHET
5L, HIR—AHEILEC 6000 BoEOBEEET S
id, A &b 14 OB S L BERED
AP THEEL S, ChAKBEOHMERENORD S
&, 3T°C 7ML, 21°CT1798KR, 18°CT1.7H,
10CT798, £ LT8CTWRIBR2ET A EiCH
A ULmlLtadis, CoFBEIERMETHY, JLRA
Wy HEDBRBETEREZITTOAMICE > TKE (R
T5. %1, AEOMER~ATINVF = /EHEELRRLT
VAT LEMHIOATWALY, BMEOREGIAKCL-T
FI6IETHILY, BHMO7 > 2 5 -LHE-T, &
BEVu L MBI KEEBTILEDLRS
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Because there is a great difference between the toxicity of inorganic arsenic (As) and organic
As in food, the JECFA has set a PTWI value for inorganic As (iAs) rather than for total As. The
difference in As toxicity makes it necessary to extract iAs completely from food samples for
toxicological analysis, but complete extraction of As from most foods including seaweed has not
been achieved to date. We developed a partial-digestion method that uses nitric acid as a solvent
in order to extract almost all arsenicals from the solid matrix of hijiki (Hizikia fusiforme, a brown
alga) samples. In this method, organic As species were not converted into iAs. HPLC/ICP-MS was
then used to determine the concentration of iAs. Total As was measured by hydride generation-
atomic absorption spectrometry, The adopted conditions for 0.1 g of ground fine powder sample
were: 2 mL of 0.3 mol/L nitric acid; heating, 80°C for 1 hr. Intra-laboratory validation of the
method showed good precision and accuracy. The repeatability and intermediate precision for iAs
were 1.5% and 1.5%, respectively. The LOD and LOQ for iAs were 0.14 and 0.46 mg/kg dry
weight, respectively. Recovery studies performed by spiking 0.5 mg/kg dry weight as the LOQ
level and by spiking 3 mg/kg dry weight as the iAs concentration of an un-spiked hijiki sample
showed good accuracy. The method was applied to hijiki samples after a water soaking process
and a water soaking and simmering process. The results suggested that the As concentration in
hijiki after both processes was lower than that before the treatments and that the water soaking
and simmering process reduced the iAs concentration much more effectively than the water

soaking process.

Key words:
soaking

Introduction

Since inorganic arsenic (As) in food is much more
toxic than organic As''?, the JECFA (the Joint FAQ/
WHO Expert Committee on Food Additives) has estab-
lished a provisional tolerable weekly intake (PTWI)
level in terms of the value of inorganic As (iAs) (0.015
mg/kg bw/week). In July 2004, the Food Standards
Agency of the UK issued a warning advising the public
not to eat the seaweed Hijikia fusiforme (hijiki), because
it contained a high level of iAs¥.

One of the requirements for the risk assessment of
food containing As is a quantitative or nearly quantita-
tive determination method of arsenicals that does not
alter the original chemical species. Moreover, quantita-
tive extraction is also essential, because extraction pro-
cedures may selectively remove non-toxic species from
food and/or leave the toxic species unextracted within
the solid matrix.

arsenic; inorganic arsenic; hijiki; HPLC/ICP-MS; partial digestion; nitric acid;

Since the 1970s, the speciation of As in seafood has
attracted great attention, because As poisoning via sea-
food has not been observed in spite of the high As
content. Various analytical methods have been used for
speciation, and it become feasible to determine iAs and
methylated As species separately* .

Sonication in combination with methanol/water (or
methanol alone) as an extraction solvent has been used
in an attempt to quantitatively extract arsenicals from
seafood”. However, since methanol is an inadequate
solvent for iAs extraction® ®, water alone has also been
used as the solvent to extract iAs because of its high
polarity!® " Moreover, attempts to utilize enzyme-
assisted extraction have been reported for seafood!?- %,
Quantitative extraction from some foods has been
achieved, but it has been difficult to achieve thorough
extraction from samples of seaweed, including hijiki'*.
Accelerated solvent extraction (ASE) is a relatively new
extraction technique that makes it possible to optimize
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solvent mixtures, pressure applied, temperature, and
time to achieve a more quantitative extraction!'r'",
However, As extraction from some foods is incomplete
even with ASE®.

To achieve complete extraction, a partial-digestion
method may be effective. However, an alkali-digestion
method was considered to be inadequate for the extrac-
tion of iAs, because of low recovery rates*!. This paper
reports a partial acid-digestion method. Nitric acid was
used to completely extract iAs from a hijiki sample
matrix under conditions such that organic As species
were not converted to iAs. This method was coupled
with HPLC/ICP-MS to determine As species including
iAs. The developed method was applied to soaked hijiki
samples.

Materials and Methods

Reagents

Sodium arsenate (Na;HAsQO4), sodium arsenite
(NaAsQ;), monomethylarsonic acid (MMA), dimethyl-
arsinic acid (DMA), and trimethylarsine oxide (TMAO)
were purchased from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan). Arsenobetaine (AB) was obtained
from Trichemical Laboratory (Yamanashi, Japan).
Ultra-pure analytical grade nitric acid (68%) and
tetramethylammonium hydroxide (TMAH, 20%)
(TAMAPURE-AA-100) were purchased from Tama
Chemical Industry (Kanagawa, Japan). Other chemicals
were of reagent grade or of the highest grade commer-
cially available. All laboratory ware used was im-
mersed in approximately 2 mol/L HNO; at least over-
night and rinsed with ultra-pure water prepared with a
Milli-Q SP Reagent Water System (Millipore, Bedford,
MA) to avoid contamination with various ions. Water
of this grade was used throughout the experiment.

Hijiki

Hijiki specimens in the form of dried food were ob-
tained from supermarkets in the Tokyo Metropolitan
area and by mail order in Japan, and were freeze-dried.
In the water soaking process or the water soaking and
simmering process, they were freeze-dried after the pro-
cess, Before analysis, all samples were carefully ground
into a fine powder sample with a grinder.

Water soaking process and water soaking and simmering
process

(1) Water soaking process: The hijiki sample was
soaked in a 40 volumes of water at room temperature
for 30 min, and the swollen hijiki sample was then
rinsed twice with 40 volumes of water.

(2) Water soaking and simmering process: After the
above-described soaking process, a swollen hijiki
sample having a wet weight of 10 g was simmered at

*1 Miyashita M. et al. “Speciation analysis of arsenicals in
animal feed by hydride generation-cold trap-atomic ab-
sorption spectrometry”. Proceedings of '04 Tsukuba Sem-
inar. Tsukuba, Japan, 2004-7-1/2. Discussion Group for
Plasma Spectrochemistry in Japan, 2004, p. 37-45.

100°C in 200 mL of water for 30 min, and then rinsed
twice with 200 mL of water.

Extraction procedure for hijiki

A ground hijiki powder sample (0.1 g dry weight) was
mixed with 2mL of nitric acid solution in a 10 mL
capped high density polyethylene (HDPE) centrifuge
tube. The mixture was heated on an aluminum heat
block. After cooling, TMAH solution was added to the
mixture to adjust the pH to 3.0, and the solution ob-
tained was diluted to 50 mL with water. Finally, the
solution was diluted with an appropriate volume of 0.1
mol/L nitric acid, and passed through a 0.45 um filter
prior to analysis. The established conditions for the
extraction of arsenicals in hijiki coupled with HPLC/
ICP-MS were: hijiki sample size, 0.1 g dry weight (finely
ground); extraction solution, 0.3 mol/L nitric acid solu-
tion; extraction temperature, 80°C; extraction time, 1 hr.

Determination of iAs by HPLC/ICP-MS

The HPLC apparatus (Agilent 1200 Series, Agilent
Technologies, Tokyo, Japan) was equipped with a
column (CAPCELL PAK C;s MG, 4.6 mm id. X250 mm,
Shiseido Ltd., Tokyo, Japan). The solvent (pH 3.0), com-
posed of 10 mmol/L sodium 1-butanesulfonate, 4 mol/L
TMAH, 4 mmol/L malonic acid, and 0.05% methanol,
was used for isocratic elution at a flow rate of 0.75 mL/
min. The sample solution (20 zL) was applied to the
column and eluted at room temperature. The retention
time did not change at this temperature in this study.

As an ICP-MS, an Agilent 7500ce ICP-MS system
(Agilent Technologies) was used. The analytical condi-
tions were: RF power, 1.6 kW; plasma gas, 15 L/min;
carrier gas, 0.70 L/min; auxiliary gas, 0.90 L/min;
makeup gas, 0.43 L/min. Signal ion monitoring at m/z
75 and a sampling rate of 1 Hz were used to collect the
chromatographic data.

Total As analysis

A ground hijiki fine powder sample (0.1-1 g dry
weight) was weighed, transferred to a Kjeldahl flask,
and heated with nitric acid (10 mL). Then, 5 mL of
sulfuric acid was added to the flask, and heating was
continued until white fumes of sulfuric acid appeared.
Hydrogen peroxide (2 mL, 30%) was added to the flask,
and heating was continued. After cooling, 15 mL of
saturated ammonium oxalate solution was added to the
flask, and heating was continued. A 5 mL volume of
potassium iodide (40%, w/w) was added, and after
allowing the solution to stand for 30 min, 5 mL of ascor-
bic acid (10%, w/w) was added, and, finally, water was
added to adjust the volume to 50 mL. The total amount
of As was measured by hydride generation-atomic ab-
sorption spectrometry (HG-AAS) (Varian Spectra AA
220 with VGA-77, Varian Japan, Tokyo).

Extraction efficiency

Extraction efficiency (extraction [%]) was evaluated
as the ratio of extracted As content to total As content.
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The As concentration of each extract solution was de-
termined by ICP-MS after dilution with 0.1 mol/L nitric
acid solution, unless otherwise noted.

Microwave oven

The As concentration of each extract solution was
measured by ICP-MS after further digestion with a
microwave oven (Multiwave 3000, Microwave Sample
Preparation System, Perkin-Elmer Japan, Tokyo). The
digestion procedure consisted of the following steps: 5
min at 300 W, 10 min at 300-800 W, 20 min at 800 W.
The digested solutions were applied to the ICP-MS
system.

Results and Discussion

Speciation analysis of standard arsenicals and a partially
digested hijiki sample by HPLC/ICP-MS

The HPLC/ICP-MS system was used to analyze six
standard arsenic compounds, arsenate, arsenite, MMA,
DMA, AB, and TMAQO. The concentration of each stand-
ard was 10ng As/mL. As shown in Fig. 1, they were
separately detected within 10 min.

Figure 2 shows a typical HPLC/ICP-MS chromato-
gram for a hijiki sample treated by the partial acid-
digestion method. The hijiki sample was treated as
described below. An unknown peak was detected at the
retention time of 7.8 min. The peak area decreased with
increasing heating time in the presence of nitric acid
and the peak area of DMA gradually increased con-
comitantly, which suggested that the peak is that of
arsenosugar (see also Table 1-1). The broad peak of As
(V) seemed to be due to a matrix effect. No change of

4000

Time (min)

Fig. 1. HPLC/ICP-MS chromatogram of six standard As

compounds

Sample injection volume, 20 uL; concentration of
each standard As compound, 10 ng As/mL.
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Fig. 2. HPLC/ICP-MS chromatogram of a partially acid-
digested hijiki sample
A hijiki powder sample (0.1 g dry weight) was
mixed with 2 mL of conc. nitric acid. The mixture
was heated at 80°C for 1 hr.

the peak area of iAs(V) was observed during heating
(data not shown). No peak was observed between 11
and 14 min (data not shown).

Effect of extraction temperature

Table 1-1 and Table 1-2 show the results of a compar-
ison of extraction temperatures. Ground hijiki fine
powder (0.1 g dry weight) was mixed with 2 mL of conc.
nitric acid (68%), and the mixture was heated for 1 hr at
60°C, 80°C, 100°C, or 120°C on an aluminum heat block
or allowed to stand for 1 hr at room temperature. In
Table 1-1, the As concentration was determined after
filtration and further digestion with a microwave oven.
The extraction efficiency (%) of As showed the highest

Table 1-1. Effect of heating temperature on the extrac-
tion efficiency

Temperature Extract total As" Extraction?

(C) (mg/kg dry weight) (%)
Room temp. 106 92
60 108 94

80 116 100

100 114 99

120 110 95

Data are the means of duplicate analyses.

" The As concentration of each extract solution was
measured by ICP-MS after further digestion with a
microwave oven.

2 The extraction efficiency (%) was calculated as the ratio
of extracted As content to total As content. The total
As concentration was determined to be 115.6 mg/kg dry
weight,

Table 1-2. Effect of heating temperature on the chemical forms of As
Concentration (mg/kg dry weight)
Temperature (°C)

As(V) As(III) iAs (As(V)+ As(IlI) MMA DMA

Room temp. 883 N.D, 883 N.D. 1.0
60 91.8 N.D. 91.8 N.D. 28

80 99.1 N.D. 99.1 N.D. 6.7

100 97.5 N.D. 97.5 N.D. 10.2

120 95.7 N.D. 95.7 N.D. 204

Data are the mean of duplicate analyses.
N.D.: Not detected.

—= @] =
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value at 80°C.

When the chemical forms of As in the extract were
studied, the highest iAs concentration was also ob-
served at 80°C, though it remained almost constant at
high temperatures. DMA was detected at room tem-
perature'® and increased with temperature due to the
degradation of arsenosugar(s) as mentioned above in
relation to Fig. 2. MMA was not detected at any tem-
perature. Since iAs concentration did not increase with
the increase of DMA concentration and MMA was not
detected, it was considered that the detected iAs was
originally present as iAs in the hijiki sample. In a
separate experiment, it was shown that DMA is not
converted to iAs below 120°C even in the presence of
conc. nitric acid'?. Consequently, it was concluded that
80°C was the best extraction temperature to determine
iAs in this method.

Effect of nitric acid concentration of the extraction solution

When conc. nitric acid is added to a sample to extract
As compounds, the solution may suddenly boil, and
neutralization is required to prevent damage to the
HPLC column. Therefore, different acid concentrations
were tested to identify the minimum nitric acid concen-
tration that could be used without reducing the extrac-
tion efficiency, and the results are shown in Table 2.
Ground hijiki fine powder (0.1 g dry weight) was mixed
with 2 mL of 0.1, 0.15, 0.3, 1, 3 mol/L or conc. nitric acid
solution, water alone, and 2 mol/L trifluoroacetic acid
(TFA)in a 10 mL capped HDPE centrifuge tube, and the
solutions were heated for 1 hr at 80°C. The iAs concen-
tration and extraction efficiency were almost the same
at the concentrations of 0.15 mol/L and above. The As
(I} concentration of hijiki was low as previously
reported!”. The DMA concentration increased at
higher nitric acid concentrations.

Reasonably good extraction efficiency (76%) was ob-
tained with water alone. Since the hijiki samples in this
experiment were carefully milled with a grinder, water
seemed to easily penetrate the sample matrix.

To extract As from rice, 2 mol/L TFA and heating at

100°C for 6 hr were adopted'”. In our study, the sample
was treated with 2 mol/L TFA at 80°C for 1 hr. The iAs
concentration was similar to that obtained when nitric
acid solution was used. Interestingly, however, As(III)
concentration was increased and As(V) concentration
was decreased, compared with the nitric acid treatment.
The recoveries of As(V) ranged from 30-35% in the case
of rice samples!”. These results may suggest the con-
version of As(V) to As(III) when 2 mol/L TFA was used.
On the other hand, As(III) was not detected when nitric
acid of 1 mol/L and higher concentration was used.
Moreover, the As(IIl) concentration ranged from 1.5-2.8
mg/kg/dry weight when 0.1-0.3 mol/L nitric acid was
used. Care should be taken when selecting the extrac-
tion solvent and/or concentration, if separate detection
of As(IIl) and As(V) is required.

Based on the results described above, we chose 0.3
mol/L as the nitric acid concentration of the extraction
solution to use in this method. In this study, the condi-
tions were optimized for 0.1 g dry weight of ground fine
powder sample.

Effect of extraction time

The results for the comparison of extraction times are
shown in Table 3. A milled hijiki powder sample (0.1 g
dry weight) was mixed with 2 mL of 0.3 mol/L nitric
acid solution in a 10 mL capped HDPE centrifuge tube
and heated for 15, 45, 60, or 90 min at 80°C. The
extraction efficiency (%) of As showed the highest
value when heating was done for 60 min. Thus, an
extraction time of 60 min was adopted for use in the
method. Interestingly, As(III) concentration ranged
from 1.3 to 2.7 mg/kg dry weight during the longer
heating period. The quantification of As(IIl) concentra-
tion was considered to be difficult even when nitric acid
of 0.3 mol/L concentration was used.

Method validation (single-laboratory validation of the
method for extraction of iAs from hijiki samples)

The method was validated in terms of linearity, limit
of detection (LOD), limit of quantification (LOQ), preci-

Table 2. Effect of the HNOj; concentration of the extraction solution on extraction efficiency

Concentration (mg/kg dry weight)

Extraction?

Extraction solution

As(V)  As(I)  iAs(As(V)+As(l)) MMA  DMA Extract total As" (%)
0.10 mol/L HNO, 775 15 79.0 N.D. 15 95.9 79.9
0.15 mol/L HNO, 88.1 2.6 90.7 N.D. 16 117 975
0.30 mol/L HNOj, 84.9 28 87.7 N.D. 1.5 118 98.7
1.0 mol/L HNO; 85.9 N.D. 85.9 N.D. 16 119 99.3
3.0 mol/L HNO; 89.1 N.D. 89.1 N.D. 26 123 102
conc. HNO; 89.1 N.D. 89.1 N.D. 9.0 117 97.7
Water alone 66.5 1.0 675 N.D. 1.2 913 76.1
2 mol/L TFA 74.6 143 88.9 N.D. 1.5 113 94.0

Data are the means of duplicate analyses.
N.D.: Not detected.

" The As concentration of each extract solution was measured by ICP-MS only after dilution with 0.1 mol/L nitric acid

solution.

9 Extraction efficiency (%) was calculated as the ratio of extracted As content to total As content.

The total As

concentration was determined to be 120.0 mg/kg dry weight.
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Table 3. Effect of extraction time on extraction efficiency
Extraction time Concentration (mg/kg dry weight) Extraction?
(min) As(V) As{ll)  iAs(As(V)+As(Ill)  MMA DMA Extract total As" (%)
16 719 1.3 73.2 N.D. 1.2 107.5 93.0
45 81.0 1.8 82.8 N.D. 1.6 110.6 95.7
60 84.9 24 87.3 N.D. 1.6 1134 98.1
80 83.0 2.7 85.7 N.D. 1.2 106.6 922

Data are the means of duplicate analyses.
N.D.: Not detected.

" The As concentration of each extract solution was measured by ICP-MS after dilution with 0.1 mol/L nitric acid solution.
2 Extraction efficiency (%) was calculated as the ratio of the As concentration of each extract solution to the total As

concentration.

sion, and accuracy. Since the JECFA set the PTWI
value of As as the value of iAs, the concentration of iAs
was evaluated. iAs was quantified by using a standard
curve that was established by using iAs standards at
concentrations of 1, 2, 5, 10, and 20 ng As/mL; the plot
showed good linearity (r=0.9998).

The LOD and LOQ was set at 3 and 10 times the
standard deviation of the values obtained from 10 rep-
licate analyses, respectively. The analyses were per-
" formed on a hijiki sample prepared by means of the
water soaking and simmering process in order to de-
crease the iAs concentration. The iAs concentration
was determined to be 2.921+0.046 mg/kg dry weight
(mean®S.D. (n=10)). The LOD and LOQ values of iAs
were 0.14 mg/kg dry weight and 0.46 mg/kg dry
weight, respectively.

The recovery studies were performed by spiking 0.5
mg/kg dry weight as the LOQ level and 3 mg/kg dry
weight as the iAs concentration of an un-spiked hijiki
sample (iAs: 2.92+0.046 mg/kg dry weight) to evaluate
accuracy. Either As(V) or As(IIl) was added to the
sample as iAs. Since the PTWI was set for iAs, the sum
of the iAs(V) and iAs(III) recovered is shown in Table 4.
Recovery of iAs at 0.5 mg/kg and 3 mg/kg ranged from
93.1% to 106.7%. Recovery studies for MMA and DMA
were also performed by spiking 2.5 mg MMA/kg dry
weight and 2.5 mg DMA/kg dry weight, respectively.
The hijiki sample originally contained DMA of 1.51
mg/kg dry weight, but did not contain any MMA.
Recovery of MMA and DMA was 92.8% and 99.8%,

Table 4. Recovery of As species from hijiki samples

Spiked Spiked level Recovery

species (rng/!&g gy m (%)

weight)

iAs (As(V)+ As(III))  As(V) 0.50 5 93,1182
3.0 5 100.6%x4.0
As(TIT) 0.50 5 100.7x5.7
3.0 5 1067x15
MMA MMA 25 3 928+28
DMA DMA 2.5 3 99.8+38

U Percent recovery studies were performed on a hijiki
sample (iAs, 2.92 mg/kg; MMA, not detected; DMA, 1.51
mg/kg) by five replicate analyses for iAs and by
triplicate analyses for MMA and DMA.

respectively. Since the recovery of both MMA and
DMA was almost 100%, essentially no conversion of
organic As to iAs occurred under the conditions used in
the method.

To evaluate the precision of the method, the
repeatability and intermediate precision for iAs were
obtained by performing two replicate analyses on five
different days. The analyses were performed on a hijiki
sample prepared by the water soaking and simmering
method (iAs, 7.47 mg/kg dry weight; DMA, 0.169 mg/
kg dry weight). The repeatability and intermediate
precision for iAs obtained were 1.5% and 1.5%, respec-
tively. The repeatability and intermediate precision for
DMA were 7.9% and 8.4%, respectively.

These results showed that the method is efficient in
terms of accuracy and precision.

Speciation analysis of hijiki samples after waler soaking
process and water soaking and simmering process

The concentration of As in hijiki has been reported to
be reduced by a water soaking procedure, depending on
temperature! %%, In these papers, however, the extrac-
tion efficiency was insufficient and the As content was
not evaluated as iAs, but as total As. Moreover, it has
not been clarified whether the non-extracted As in hijiki
samples was iAs or not. In this study, both the water
soaking process and the water soaking and simmering
process were used in preparing cooked hijiki samples
and the established method was applied to hijiki
samples after both processes in order to clarify the
retained iAs concentration,

Typical HPLC/ICP-MS chromatograms of a hijiki
sample after the water soaking process (Fig. 3(a)) and
after the water soaking and simmering process (Fig.
3(b)) are shown in Fig.3. The water soaking and
simmering process greatly reduced the iAs concentra-
tion. The retention time of the unknown peak in Fig. 3
was different from that in Fig. 2. The pH of the sample
solution may affect the retention time of the ar-
senosugar-derived peak.

The results of the measurements of iAs and total As
in hijiki are given in Table 5. When the method was
applied to untreated hijiki samples, the concentrations
of iAs and total As detected were in the 64.5 to 1045
mg/kg dry weight range, and 92.0 to 131.5 mg/kg dry
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weight range, respectively. After the water soaking
process, the concentrations of iAs and total As detected
were in the 32.3 to 64.9 mg/kg dry weight range, and
55.0 to 84.1 mg/kg dry weight range, respectively. The
percentages of iAs and total As retained were 38.4—
62.1% and 52.6-64.0%, respectively. Thus, the water
soaking process reduced the concentrations of both iAs
and total As by half.

The water soaking and simmering process profound-
ly reduced the concentrations of iAs and total As to

(a) Water soaking process (after 10-fold dilution)

4000
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5
E 2000 o unknown )
1000 | A 4
Asqy
0 . 2
0 2 4 6 8 10
Time (min)
Fig. 3. HPLC/ICP-MS chromatograms for cooked hijiki
samples

(a) hijiki sample after the water soaking process.
The extract solution was diluted 10 times with 0.1
mol/L nitric acid solution. The iAs concentration
was determined to be 52.6 mg/kg dry weight; (b)
hijiki sample after the water soaking and simmer-
ing process. The iAs concentration was determined
to be 5.2 mg/kg dry weight.

3.7-15.5 mg/kg dry weight and 26.1-36.4 mg/kg dry
weight, respectively. The percentages of iAs and total
Asretained were 4.3-20.0% and 21.3-34.9%, respective-
ly. The retained percentage of iAs was lower than that
of total As. Thus the water soaking and simmering
process was more effective in removing iAs, rather than
total As.

It is especially noteworthy that the iAs concentration
in hijiki samples A, B, and C, prepared by the water
soaking and simmering process, was reduced to 1/10
compared to the concentration after the water soaking
process. These results suggest that the water soaking
and simmering process, the traditional Japanese cook-
ing style for hijiki, is effective in removing iAs rather
than total As, from the hijiki sample matrix.
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Arsenic (As) uptake in human occurs via the food chain mainly. The Joint FAO/WHO Expert
Committee on Food Additives has established the provisional tolerable weekly intake level for As
as an inorganic As (iAs) value, because iAs in food is much more toxic than organic As. In this
study, we studied an acid based partial-digestion method for the complete extraction of arsenicals
from rice. HPLC/ICP-MS was used to determine the concentration of iAs selectively. The
conditions adopted to extract arsenicals from a 0.5 g of finely ground rice sample were addition of
2 mL of 0.15 mol/L nitric acid and heating at 80°C for 2 hr. The LOD and LOQ for iAs were 0.0024
and 0.0079 mg/kg dry weight, respectively. Recovery studies showed good accuracy. When the
method was applied to ten short-grain brown rice samples, the iAs concentrations were 0.108—
0.227 mg/kg dry weight and the total As concentrations were 0.118-0.260 mg/kg dry weight.
Although dimethylarsinic acid was also detected in most samples, the percentage of iAs content in
total As content was 62.2-96.3%. Thus, iAs was the principal As species in the short-grain brown

rice samples tested.

Key words:

Introduction

Uptake of arsenic (As) in human mainly occurs via the
food chain, and, in special cases, also vig occupational
exposure™™, Since the inorganic arsenic (iAs) in food is
much more toxic than the organic As*%, the JECFA
(the Joint FAO/WHO Expert Committee on Food Addi-
tives) has established a provisional tolerable weekly
intake (PTWI) level as an value (0.015 mg/kg bw/
week).

The major amount of ingested As comes from fish,
shellfish, and seaweed, in which most of As compounds
are fortunately non-toxic arsenobetaine (AB) or
arsenosugars®. In contrast to the seafoods, the rice
plant bio-accumulates more toxic iAs species, arsenate
and arsenite™®. Therefore, the contribution of rice to
the total intake of iAs may be considerably high. For
example, when a person weighing 50 kg consumes 150
g of brown rice containing As at the level of 0.16 mg/kg
dry weight*! per day, the As intake is calculated to be
0.0034 mg total As/kg bw/week. If all As compounds
in rice are present as iAs, this intake corresponds to
23% of the PTWI value. Consequently, the speciation
of As in rice is very important from the viewpoint of
risk-assessment of As for the Japanese population.

*L http://www.maff.go.jp/syohi_anzen/profiles/arsenic.pdf.
Annex.

arsenic; inorganic arsenic; rice, HPLC/ICP-MS; partial digestion; nitric acid

One of the requirements for assessing the risk of
consuming food containing As is a quantitative or
nearly quantitative method for determining arsenicals
without transformation of the original chemical species.
The main problems encountered have been low recov-
ery and oxidation/reduction between As(Ill) and
As(V)¥. Quantitative extraction is also essential, be-
cause the extraction procedure may selectively extract
non-toxic species from food and/or leave toxic species
unextracted within the solid matrix. Arsenic speciation
demands mild extraction so as to maintain species in-
tegrity. Although speciation studies have been widely
performed for As in marine products, the speciation
studies of Asin rice are not numerous. In those studies,
methanol, water, a methanol/water mixture, and tri-
fluoroacetic acid (TFA) have been used as solvents to
extract As species from rice samples'®™'%  Although
quantitative extraction of As from some foods has been
achieved with these solvents, it has been difficult to
achieve thorough extraction from rice samples. At-
tempts to utilize an accelerated solvent extraction
technique' 1% '8! or enzymatic ultrasonic probe'® have
been reported for rice, but As extraction from rice
samples remains difficult® !9,

In our preceding report, the nitric acid-based partial-
digestion method was assessed as a mean of achieving
complete As extraction from hijiki samples?”, In this
paper, therefore, the partial acid-digestion method was
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applied for rice, to completely extract iAs from rice
samples. Nitric acid was used under conditions such
that organic As species were not converted to iAs. This
method was coupled with HPLC/ICP-MS to determine
As species including iAs separately.

Materials and Methods

Reagents

Sodium arsenate (NazHAsO.), sodium arsenite
(NaAsQ;), monomethylarsonic acid (MMA), dimethyl-
arsinic acid (DMA), and trimethylarsine oxide (TMAQ)
were purchased from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan). AB was obtained from Trichemical
Laboratory (Yamanashi, Japan). Ultra-pure analytical
grade nitric acid (68%) and tetramethylammonium hy-
droxide (TMAH, 20%) (TAMAPURE-AA-100) were
purchased from Tama Chemical Industry (Kanagawa,
Japan). Other chemicals were of reagent grade or of the
highest grade available commercially. All laboratory
glass ware and plastic ware used were immersed in
approximately 2 mol/L HNO; at least overnight and
rinsed with ultra-pure water prepared with a Milli-Q SP
Reagent Water System (Millipore, Bedford, MA) to
avoid contamination with various ions. Water of this
grade was used throughout the experiment.

Rice

Short-grain brown rice samples were obtained from
supermarkets in the Tokyo Metropolitan area and by
mail order in Japan. Before analysis, all samples were
carefully ground into fine powders with a grinder
(Micron Milcer, Iwatani Int. Corp., Tokyo, Japan) for 1
min four times at intervals of 3 min.

Extraction procedure for rice

A ground rice powder sample (0.5 g dry weight) was
mixed with 2 mL of nitric acid (0.15 mol/L) in a 10 mL
capped high-density polyethylene (HDPE) centrifuge
tube, and the mixture was heated on an aluminum heat
block at 80°C for 2hr. The solution obtained was
diluted to 10 mL with water and passed through a 0.45
pm filter prior to analysis.

Determination of iAs by HPLC/ICP-MS

The HPLC apparatus (Agilent 1200 Series, Agilent
Technologies, Tokyo, Japan) was equipped with an
HPLC column (CAPCELL PAK C;s MG, 4.6 mm id. X
250 mm, Shiseido Ltd., Tokyo, Japan). The solvent, a
solution (pH 3.0) composed of 10 mmol/L sodium 1-
butanesulfonate, 4 mmol/L TMAH, 4 mmol/L malonic
acid, and 0.05% methanol, was used for isocratic elution
at a flow rate of 0.756 mL/min. The sample solution (20
#L) was loaded onto the column and eluted at room
temperature. In this study, the retention time did not
change at this temperature.

The Agilent 7500ce ICP-MS system (Agilent Techno-
logies) was used. The analytical conditions were: RF
power, 1.6 kW; plasma gas, 15 L/min; carrier gas, 0.70
L/min; auxiliary gas, 0.90 L/min; makeup gas, 0.43 L/

min. Signal ion monitoring at m/z 756 and a sampling
rate of 1 Hz were used to collect the chromatographic
data.

Determination of total As

A finely ground powdered rice sample (0.1-1 g dry
weight) was weighed, transferred to a Kjeldahl flask,
and heated with nitric acid (10 mL). Then, 5 mL of
sulfuric acid was added to the flask, and heating was
continued until white fumes of sulfuric acid appeared.
Hydrogen peroxide (2 mL, 30%) was added to the flask,
and heating was continued. After cooling, 15 mL of
saturated ammonium oxalate solution was added to the
flask, and heating was continued. A 5 mL volume of
potassium iodide solution (40%) was added, and after
the solution had been allowed to stand for 30 min, a 5
mL volume of ascorbic acid solution (10%) was added.
Finally, water was added to adjust the volume to 50
mL. The total amount of As was measured by hydride
generation-atomic absorption spectrometry (HG-AAS)
(Varian Spectra AA220 with VGA-77, Varian Japan,
Tokyo).

Extraction efficiency

Extraction efficiency (extraction [%]) was evaluated
as the ratio of extracted As content to total As content.
The As concentration of each extract solution was de-
termined by ICP-MS after dilution with 0.1 mol/L nitric
acid solution, unless otherwise noted.

Results and Discussion

Speciation analysis of standard arsenicals and a partially
digested rice sample by HPLC/ICP-MS

The HPLC/ICP-MS system was used to analyze six
standard As compounds, i.e., arsenate, arsenite, MMA,
DMA, AB, and TMAO. The concentration of each stand-
ard was 5ng As/mL. As shown in Fig. 1, they were
separately detected within 10 min.

Figure 2 shows typical HPLC/ICP-MS chromato-
grams for two rice samples treated according to the
established partial acid-digestion method (see below).
The samples shown in Figs. 2(a) and 2(b) are represent-
atives of samples containing a low concentration (total
As: 0.04 mg/kg dry weight) and high concentration

Standard (5 ng As/mL)

1500 =
MMA
g | oma®
As(iH)
i | As(V)
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Fig. 1. HPLC/ICP-MS chromatogram of six standard As
compounds

Sample injection volume, 20 uL; concentration of
each standard As compound, 5 ng As/mL.
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Fig. 2. HPLC/ICP-MS chromatograms for partially acid-
digested rice samples
Each powdered rice sample (0.5 g dry weight) was
mixed with 2 mL of 0.15 mol/L nitric acid, and the
mixture was heated at 80°C for 2 hr. The total As
concentrations of the samples (a) and (b) were
determined to be 0.04 mg/kg dry weight and 0.26
mg/kg dry weight, respectively.

(total As: 0.26 mg/kg dry weight) of total As, respec-
tively. MMA was not detected in either sample, but
DMA was detected.

Concentration of nitric acid as extraction solution and
extraction time

Our preceding study on hijiki samples®® suggested
that organic As species were not converted to iAs at
80°C and that complete extraction of As was possible by
selecting optimal extraction conditions. Accordingly, a
temperature of 80°C was also adopted in this study, and
several factors were optimized as described below.

First, various acid concentrations were tested to iden-
tify the lowest nitric acid concentration that could be

used without reducing the extraction efficiency. The
results are shown in Table 1-1. A powdered rice sample
(0.5 g dry weight) was mixed with 2 mL of 0.075, 0.10,
0.15, 0.30, and 1.0 mol/L nitric acid solutions, and 2.0
mol/L trifluoroacetic acid (TFA) in 10 mL capped
HDPE centrifuge tubes, and the solutions were heated
for 2 hr at 80°C. The iAs concentration and extraction
efficiency were almost the same at the 0.10 mol/L con-
centration and above. The DMA concentration did not
increase at the higher nitric acid concentrations. Since
the pH of the solution for analysis was 2-3 in the case of
0.15 mol/L nitric acid and adjustment of the pH was
unnecessary, the 0.15mol/L concentration was ad-
opted.

Addition of 2.0 mol/L TFA and heating at 100°C for 6
hr had been adopted to extract As from rice!™, whereas
in our study the sample was treated with 2.0 mol/L
TFA and heated at 80°C for 2 hr. Black insoluble matter
remained after the TFA treatment. Moreover, com-
pared to the nitric acid treatment, the As(III) and As(V)
concentrations were higher and lower, respectively.
Furthermore, the pH of the solutions for analysis was 1.
Therefore, TFA was not used in this study.

Next, the extraction time was varied (Table 1-2). A
milled rice powder sample (0.5 g dry weight) was mixed
with 2 mL of 0.15 mol/L nitric acid solution in a 10 mL
capped HDPE centrifuge tube and heated for 0.5, 1, 2, 4,
6, or 8 hr at 80°C. Since the extraction efficiency (%) of
As was almost the same from 1 hr to 4 hr, the extraction
time was fixed on 2 hr.

Nitric acid is generally regarded as an oxidative acid.
However, As(Ill) was detected even in the case of 1.0
mol/L nitric acid. This might suggest the presence of
reductive compound(s) in brown rice.

Based on the results described above, a 0.15 mol/L
nitric acid concentration and 2 hr extraction time were
adopted.

Method validation

The method was validated in terms of linearity, limit
of detection (LOD), limit of quantification (LOQ), preci-
sion, and accuracy.

Table 1-1. Effect of nitric acid concentration on extraction efficiency
Concentration (mg/kg dry weight) Extraction?

Extraction solution

As(V)  As(Ill  iAs(As(V)+As(ll) MMA DMA  Total As extracted” (%)
0.075 mol/L HNOs N.D. 0.079 0.079 N.D. 0.013 0.120 876
0.10 mol/L HNO; 0.013 0.106 0.119 N.D. 0.022 0.127 92.7
0.15 mol/L HNO; 0.026 0.105 0.120 N.D. 0.025 0.129 94.2
0.30 mol/L HNO4 0.031 0.091 0.122 N.D. 0.026 0.126 92.0
1.0 mol/L HNOy 0.019 0.101 0.120 N.D. 0.023 0.127 927
2.0 mol/L TFA 0.009 0.114 0.123 N.D. 0.021 0.125 91.2

Data are means of duplicate analyses.
N.D.: Not detected.

! The As concentration of each extract solution was measured by ICP-MS only after dilution with 0.1 mol/L nitric acid

solution.

2 Extraction efficiency (%) was calculated as the ratio of extracted As content to the total As content.

The total As

concentration was determined to be 0.137+£0.005 mg/kg dry weight (n=5).
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Table 1-2. Effect of extraction time on extraction efficiency
Extraction timme Concentration (mg/kg dry weight) Extraction?
(min) As(V)  As(Ill)  iAs(As(V)+As(ll) MMA DMA Extract total As" (%)
0.5 0.015 0.174 0.189 N.D. 0.016 0215 91.1
1 0.031 0.177 0.208 N.D. 0.018 0.235 99.6
2 0.032 0.189 0.221 N.D. 0.019 0.239 101.3
4 0.030 0.182 0212 N.D. 0.018 0.234 99.2
6 0.043 0.177 0.220 N.D. 0.018 0.232 98.3
8 0.049 0.157 0.206 N.D. 0.017 0.226 95.8

Data are means of duplicate analyses.
N.D.: Not detected.

) The As concentration of each extract solution was measured by ICP-MS only after dilution with 0.1 mol/L nitric acid

solution.

2 Extraction efficiency was calculated as the ratio of extracted As content to the total As content.

The total As

concentration was determined to be 0.236+0.004 mg/kg dry weight (n=5).

iAs (as As(V) or As(Ill)) was quantified by using a
linear calibration plot (r=0.9998) that was established
by using standard iAs solutions having As concentra-
tions of 0.5, 1, 5, 10, and 20 ng/mL.

The LOD and LOQ were set at 3 times and 10 times,
respectively, the standard deviation (S.D.) of the value
obtained from 10 replicate analyses. The analyses were
performed on a rice sample whose iAs concentration
was determined to be 0.0435%0.0008 mg/kg dry
weight (mean®S.D. (n=10)). The LOD and LOQ values
of iAs were 0.0024 mg/kg dry weight and 0.0079 mg/
kg dry weight, respectively.

Accuracy was evaluated by calculating recovery in
five replicate analyses. The recovery studies were
performed by spiking 0.01 mg/kg dry weight as the
LOQ level and 0.08 mg/kg dry weight as twice the iAs
concentration of an un-spiked rice sample (iAs: 0.0435%
0.00079 mg/kg dry weight, MMA: not detected, DMA:
not detected). Either As(V) or As(Ill) was added to the
sample. Since the JECFA set the PTWI of As as the
value of iAs, the sum of iAs (V) and 1As(III) recovered is
given in Table 2. Recovery of iAs at 0.01 mg/kg and
0.08 mg/kg dry weight ranged from 82.2% to 106.1%.
Although a slightly low recovery rate was observed in
the spiking at the LOQ level, recovery in the spiking at

Table 2. Recovery of As species from finely powdered
brown rice samples

; : Spiked level Recovery
Spiked species (g kg drywelgit (9"

As(V) 0.01 5 96.7+6.3%
0.08 5 1024t3.12
As(IIN) 0.01 5 82.2+7.6%
0.08 5 1061%1.3%

MMA 0.01 5 929+1.7

0.08 5 92.3%+9.0

DMA 0.01 5 1015*38

0.08 5 1002%x1.2

Y Percent recovery studies were performed on a rice
sample (iAs, 0.04351+0.0008 mg/kg dry weight).
2 Recovery as total iAs was given.

the sample level was satisfactory. Recovery studies for
MMA and DMA were also performed by spiking 0.01
mg/kg and 0.08 mg/kg dry weight. The recovery of
MMA and DMA was 92.3% to 101.5%. The method was
also applied to polished rice. When iAs was added to
polished rice at the final concentration of 0.22 mg/kg
dry weight, the recovery of iAs ranged from 101% to
105% (data not shown), suggesting that the method can
be applied to both brown rice and polished rice.
Precision was evaluated by calculating the coefficient

Table 3. The concentrations of iAs, MMA, DMA, and total As and the ratio of iAs content to the total As content

Concentration (mg/kg dry weight) %
Sample
As(V) As(IID) iAs (As(V)+ As(III) MMA DMA Total As iAs/Total As
1 N.D. 0.146 0.146 N.D. 0.015 0.169 86.6
2 N.D. 0.162 0.162 N.D. 0.082 0.260 62.2
3 N.D. 0.108 0.108 N.D. 0.011 0.118 91.5
4 0.010 0.171 0.176 N.D. 0.054 0.222 79.2
5 N.D. 0.199 0.199 N.D. 0.022 0.247 80.6
6 N.D. 0.114 0.114 N.D. 0.010 0.125 90.8
7 N.D. 0.117 0,117 N.D. N.D. 0.122 96.3
8 0.012 0.221 0.227 N.D. 0.042 0.252 89.9
9 0.010 0.210 0.215 N.D. 0.012 0.229 93.9
10 N.D. 0.174 0.174 N.D. 0.022 0.199 874

Data are means of duplicate analyses.
N.D.: Not detected.

— 09—



