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Abstract

In order to preserve underground water resource for sustainable use, most
countries in the world have promulgated heavy metal standards for soil. Recently
Taiwan and many other countries have proposed a variety of risk assessment meth-
ods for site remediation. But most of the methods normally assume 100% bioavail-
ability for contaminated soils. The US Environmental Protection Agency (USEPA)
allows for a modification of bioavailability in the Superfund Program. The absolute
bioavailability factor (ABF) is defined as the dose percentage of contaminant in soil
entering the blood circulation system, while relative bioavailability factor (RBF) is
defined as the ABF ratio in percentage between soil samples to the standard sample.
Various in-vitro bioavailability test methods based on gastrointestinal physiology
have been proposed since 1992. The aim of this study is to propose a standard test
procedure for bioavailability focusing on establishing quality control (QC) criteria
and simplifying test procedure and apparatus.

This study refers to the physiologically based extraction test (PBET) developed
by USEPA Region VIII and the method developed in the early study by our group.
The first phase of this method simulates stomach condition (pH 1.8) and the second
phase simulates intestinal condition (pH 7.0). Many test parameters proposed in
these methods have widely accepted in the literature for sample pretreatment, tem-
perature, enzyme dose, pH, and reaction time. This study used sodium arsenate

(Na,HAsO, « 7H,0) and NIST 2710 soil as the standards to investigate the effect of

mixing intensity, liquid to solid (L/S) ratio, extraction time, and extract pretreatment
methods for the determination of bioavailability.

Testing at a constant L/S ratio of 1000:1 mL/gm, all the ABFs (n = 5) obtained
for the 2 phases from the 3 velocity gradients (G) of 0, 470, and 1000 1/sec had no
significant difference (95 % CI) for both standards. The ABFs (n = 5) from both
phases were 82-96 % for sodium arsenate and were 26-35% for the NIST soil.
When the test was conducted at a constant G of 470 1/sec with 3 L/S ratios of 200:1,
1000:1, and 5000:1 mL/gm, only the ABFs obtained from the intestinal phase for
the standard soil resulted in significant difference (p =0.02). The ABFs (n= 5) ob-

tained from both phases were 85-101 % for sodium arsenate and were 25-33 % for
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the standard soil. The As concentrations extracted for both standards from the intes-
tinal phase were within 10% of difference for 2-11 hours of extraction time based
on the first hour of extraction. Thus 1 hour of extraction appears to be appropriate.
Sample pretreatment using centrifugation with or without a follow-up filtration
yielded no significant difference. In conclusion, we propose 3 types of QC criteria:
(1) a concentration less than the method detection limit (MDL) for the reagent blank;
(2) a ABFg and ABF; of 90+8 % and 9045 % for sodium arsenate, respectively, (3)
a RBFg and RBF; of 35+£2 % and 30+3 % for NIST 7210 soil, respectively.

Based on the test results, this study proposes a standard procedure for the
two-phase bioavailability test. The soil sample is first dried by air and sieved for the
particle size of 250 um or less. A 0.5 gram of sample is fed into a serum bottle with
a liquid volume of 500 mL at a liquid to solid (L/S) ratio of 1000:1 mL/gm in the
stomach phase. A velocity gradient (G) of 500 1/sec is provided using magnetic stir-
ring and a temperature of 37+0.5 °C is maintained in a air-circulated incubator. The
extraction liquid contains 0.15 M of NaCl and 1% of porcine pepsin and the pH is
adjusted to 1.8%0.1 by HCI stock solution. After 1 hour of extraction, a sample of

extract is taken and centrifuged to remove particulate matters. The supernatant is
determined for total arsenic. In the intestinal phase, pancreatin and bile are added to

the extract liquid and is adjusted to pH 7.0£0.1 by NaHCO; stock solution. After I

hour of extraction, a sample extract is taken and centrifuged for the measurement of
arsenic.

In order to simply the method, we further propose using magnetic stirring with
weighted ring in stead of argon sparging; using air-circulated incubator in stead of
water bath for better observation and sample collection; using centrifuging in stead
of filtration for extract pretreatment; using one phase of simplified bioaccessibility
extraction (SBET) method instead of the two-phase method for a better estimate to

the in-vivo method.

Keywords: bioavailability, in-vitro test methods, quality control criteria, standard

test procedure
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@ ABFsrm Bl % #8322 #7112 * Na,HAsO, - 7TH,O 5 SRM - # & 7] 5
Na,HAsO, - 7H, % fER ~ (5.46 gm/100 mL at 0 ‘C)® % e Tz 31
(Rodriguez et al., 2003; IRIS, 2008) o - %8 *t &% # > & * RBF 2 B85
VOROUTFRY AR RHR DL A A R Bk il R oo e
@@agﬁiﬂ%smwiAMHA%éi%ﬂﬁﬁi&ﬁgﬁ’f&%
FIM AT EFEE T A R RRTT 250K LR o

B ARERLGITRELGER HEF e AZRFIE, LD
FEdem ROBR & 0 B * RBF iz 20 Thlicd 22 ABF» 2 2 & R %5 »
# Integrated Risk Information System (IRIS, 2008) F#L & # » $F30 0 2
1+ F13+ CSFs (cancer slope factors) » 7 $x * 4 #* R 2_ % &2 [ (BRKA
K¢ 100%A % f2) (FL R E F M G2 demE s A7 B A E (4ol i)
PR AR (e As)2 A F et d oo 2B 4 7 IRIS 2 4 2 CSFs
EERGEE 0 ERERE EREFEDLI ARG o BIY HWA e
HEZAFT  #2 P 5230 3 g2 SRM 5 AR 2 & oy
ﬁ%i#ﬁﬁﬁﬂ&ﬂ’iF{ﬁ%*iFiﬁﬁﬂPf(%’Nwﬁ

BB M B TR AN R b GRS 2 RRh

o]



e 0 FREBEFTBE BE M PN A2 RFR % (excess lifetime cancer

risk, ELCR)4r 2 3¢ (5)#7 7% (GL % » 2006 ; % %% » 2006) -

(LIDy )x (RBF & ;)
BW)x(AT) Oh (5)

ELCRy ; =

SF=P 15 2 4 i 2. 4 & % ¥ (slope factor, (mg/kg-day)™)
LIDx=tk & X 2. % £ T 124 » %4 B & & (lifetime intake dose, mg)
=(Cr, mg/kg) x (IR, & » 2 3¢ F, mg/day)x (EF, % % 47 5, day/year)
x (ED, % #% 8 7, year) x (10,4 4% F]+ , kg/mg)
BW=% =5 %32 Tt ¢ (kg)

AT==% =05 %3 2_ T 354 & p dic (day)



2-2 § 525y R iR

EXBIERGTFRY AP - BEL L 0 FIY M
PR Ao d A ERE LAY FRTTTR
Sk AR (Kelly et al., 2002) « @3t » % F5 3 1992 & B 4o %
ﬁpﬁiﬁﬂggiﬁﬁﬁﬁﬁﬂﬁ%*%’P2i§%“$%§$&

B3 - RO b SRFEMPM AWK G 3 LR T B E
TR RS AR RS R BRI S - R L ok
& f = SBET & > 2 (Simplified Bioaccessibility Extraction,
SBET) » e * »* %5 2 2 B b '™ » 1 Tt SBET #5% > 2 2
SR BT A% o

BARERHEY (3R 020058 A7 w B 1992 1 2007 £ 5 B
SRR 2 g i R 2 E &2 o G Davls etal. (1992), Ruby
et al. (1993; 1996; 1999), Hamel et al. (1998), Rogriguze et al. (1999),
Sarkar et al. (2003), % (2005), Pouschat et al. (2006), Bruce et al. (2007) >

Eiph e el REY A R 4T RP

DS ARG EREER. YRS iy IS e S e S e I
72 RBF (&4 7% » 273 "f%\ngku ABF & % = (Hamel et al., 1998;
Poushat et al., 2006) » = % 1A % f& 3 A 4R SRM (B ik dp & 453
H)2 ABF o Tk kSLEE AR T EREIGEI G e R A bR 2
Ry o

AR SRR R e ARGk SRS s e AR
2ZAFF R RBEER o BPEEE 455 % 2 H R R

# % > 4o Table 2-1 #7571 o
3.0 PRI MBS A S M2 8 g by oondt o 23 4p RBF 32
#] %48 RBF % > 4v Table 2-1 #771 o
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Table 2-1 # I 2 3% kB2 % 4p(Gastric phase)fr* 4p (Intestinal phase)# RBF £2 ABF ~ % i&

KR RBF; RBF; ABFg; ABF, A )F*J&
mining site soil - 16 - 12 Davlsetal., 1992
residential soil-I 53 52 55 50 Rubyetal., 1996
residential soil-11 48 46 49 44  Ruby et al., 1996
House dust-I 33 38 34 36 Rubyetal., 1996
mining / smelter site -calcine 3.66  3.52 - - Rodriguez et al., 1999
mining / smeltersite - iron slag 248 227 - - Rodriguez et al., 1999
NIST2710 38.6 288 39 29 % > 2005
kidston gold mine site siol 14 18 - - Bruceetal., 2007
Jersey City soil - - 13 - Hamel etal., 1998
NIST 2710 - - 48 - Hamel et al., 1998
near CCA-Treated utilitypoles soils - - 36.2 40.7 Pouschat et al., 2006

4. APETHP Rk 0 W ERE PN FR L PG oo s
MARRE > e < S HAT T P W MG RPN 2% RBF £ 40 %> ¥ Rogriguze
et al. (1999)i * PBET 5% = j% » A7 5 5 T3 4900 | 3 4 Pk B d it
Wrrds fm RPN # 4 2% A RBF (Rg=0.83, slope=0.88 vs. R;=0.82,
slope= 0.76) » FJpt 257 7 #:8- HIFF W@ * SBET :#% > 22 ¥
(SR A

5. Ruby etal. (1999)¢ Wragg etal. (2002);=17 £ = ¥ jt » 3P 5 55 4
ERI P FRM2 T FHF P EEERIRERD R X FF 0 deiF
A4 2 FH4 Al B (mineral form) ~ o j% < /| (grain size) ~ ¢ 3R
(encapsulation) ~ 5 % fedk E ~ dFHE B o fjha%#ﬂ,@ Mmoo R
it B b € ETAH S AL B2 § (L5t (4e Fe-As
oxides ~ Mn-As oxides ¥¥ Pb-As oxides) * /A fER &1 2 4 3 szt
TR o F - P E A T o RTAR S 0 2 P AR o Be 3R
Bt gmit 4 F®E (quartz)d 31> M3 5 3[R 4 5 sl
Mo AL P E R (Slag)# H§ i 2 4§ 20 B - 4o Figure
2-1 #5% o

11



Mineral Fom:

1 Decreasing Increasing

Fe-As oxides— ! Asp03 AsO33-

4 FeAsS

i CugzAsSy Casg(POg4)2(As04)Cl H—Mn-As oxides— HzAs04"
; F——Pb-As oxides i
L Constant Particle Size -— —

Figure 2-1 #5582 2 45 szt 2 $ it #F37 & B (Ruby etal., 1999)

6. FHAF G oM RRATFEL S REI0OE > ¢ HE LR AR
) TR LR Sl Bk Sl AR - R oo Aok S AT B R
FoA~ % SARRER Gedr > % Hap pH B R R S Sl e vy
RERFLRME Aol RA CIFERR P E BETE . A
Y - H R

% 7
Table 2-2 5 &A% ffFiE B & — FEE Y Ap 2 4§ SRl o)k ok
(SBET)> i 2. ;5% 22775 & % -SBET % > 2 & %% Ruby et al. (1996)
#1i¢ > 2. PBET (physiologically based extraction test)i®&Z = /2 2. § 4p &
Boo B P BRM KA F R Y ApE R 5 glycine & FY 5 100:1

mL/gm > g & 5 37°C R 1L B ¥ oY § S HONT - HAE T -

12



o

Table 2-2 — fgfi % 492 4~ 5 o2 4 *F 325% = 2 (SBET)2 i 2 4

542k SENNEE

2

ok

Kim et al. (2002)
BEITL D Sfen 2 LY sMad g
—%%*"’F’r (Cd, Cu, Pb Trzn)i)l\l%_/%i}il’?iﬁ'?

S o 2.
Lee et al. (2006) 1. # %55 BAH#HE (Dukeum, Dongil, 1.

Myungbong. Songchun mines) 34 & #8iT 7 %
IThw fen 2 dEY cpad s ipE 4
B F2L2ERREZPER -

2. BFHrEIBER RS
REh ‘& o

Wang etal. (2006)  f» SBET ;s % » A3+ ¢ Bl d 2 § L.
g3 E £ F (Cu, Pb, Zn, Ni, Co, Cr)
L2 ERREA P o 2

RS - AR #HF (Duckum mine)’ 3% & #8537 1.

ARRR R BB 2,

% SBET 5% 2 » W AW pBRBE 1|5 B
nAfEe 2 MR RER > U Ee 2 I ZMIER

g o A u A 9.4 mgkg 22 2.3 mgkg

hd P gt e 0 As2 ABF MR v ffee § 0 4 6
#201%2 179% o et BFREEZEET » 5d &
MRAIEZPEASNFE EAEGIBELDERR RS
o W

I

f1% SBET i#s = 2 447 £ 3 b W2 F 2k R > 12
Songchun mine 2. As B~k B e+ » B v H450 2 As
EBOER A w5 20.6 mg/kg &2 12.4 mg/kg 0 ¥ ik Mt
As ER (196 mg/kg)’ s & As 2. ABF & %] 5 11%%£2 6%-
7 Aﬁzﬂm As 3P E R 5 REh % E > 3 . Songchun
mine Ap#CTH B TR E G RE ORBR % E 5 1.16x107
fe v 7 4% b FE RPN (10°-107) A2bRoph % 7 ik
% 3.6 S AETRLFER (1.0) 0 7 & H AW S HEL
teed e

S TR N AR PRI NS & ¥
44 sk U Pb#E (71.7%) 0 Cr & (5.6 %)

B2% As 7 B4 Pb,Cu, Zn ™ > 12 (7 ¥ A B e R
4 As X Bk B 27 ABF A % 5 7.5 mg/kg £ 27.3% > #
IR KRS EEENTAE S o
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Table 2-2 — FF 2% 402 4 4 »ct 48 #h 38 % = ;2 (SBET)2 i & 4

()

2

55 Rk My

I

Juhasz et al. (2007b) 3 # SBET %% = j2 2& 12 railway corridor , dip site
¥ minesite = BHh? X Asi5 R L2 3 F G ok
Hoo TIFFBIEAs 4 P oot FlF oo

Juhasz etal . (20072)  gzopag i 7 o 82 SBET # *hiksh 2 n M1 o

1.

Hdrigw SBET 2% 52704 5 > fopH Bz 3
W’vmﬁ&@"4#4ﬁwWﬁ@$’&R%%me
etal.1999 = 3 » 7m 3k 2 > § Aol g Ap e Ermdn s B
# 9 % RBF (Rogriguze et al., 1999; Kelly et al., 2002) -
3 % IR railway corridor soils T 32 As 22 ABF 5 34 %,
dip site soils - 35 As ABF % 28 %; mine site soils - 35 As
ABF 5 24% > %3 50%  d pt & i5d @ » x5 3
B2 e GRS oAsuF B T2 € 100 %4k A 85 5 i
AL o

%F’ 2 AR As 2 2 g el A1 i GF
3 M0 A railway v mine site e 32 5 As kR 2
% Fe 7 8% st (°=0.90 and 0.98)

41* Juhasz et al. (2007b)#7/4 47 2. As ABF & » j&? if B~
R A B on B RS T-75% % 53 50% e
FUH RPN FEERE TP R B ERE M

WG LAF SRR o & or B0 BB T 0 IR RIAY
i As RBF (1’=0.92) >

FIH itk o FRV Y QT Y P 2 R kiR 2

Rk L e
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£ % > SBET 5k i3 > $1°0 3 4§ skl & 7 2 2 % 1 ABF @4 7 »
22 RBF B4 7 0 ¥ A2 g R 2 5 B H 8 igg = Emit o
A 2002 & B 4o & FEF e SBET@#&R > 2R X318 2 47

ek A fy s iT A R R 'R 2 kg Kimetal. (2002)£7 Lee
etal. (2006) 5 - =7 BIf > A HIERAEADH R > @ * SBET #% > 2
TrXAIEY gHAER LI PEEESF T (Cd, Cu, Pb frZn)z >
ER LR A F ook o Kim et al. 2002) 49 RE - BEHE
(Duckummine)> 3% A AT H H TR v Hfsn 2 I e g REH L Z M
E£EYF (Cd, Cu, Pb frZn)z 2B EREAF G2 Py 858
B Bodfen 2 1M IDIFRREMED Z RS > A8 G 94
mg/kg 22 23 mg/kg s TS5 As ABF 7#u Bwg & 5 2wl 5 201 %2 17.9
Yor T R ANEREX  AEBFRFEBHFRT > 5d 8 2 X732 32
g BLnEER G ST o

- # » Lee €t al.?dﬂ”v? 2006 # 4-%t55 B 5 B A3 # % (Dukeum,
Dongil, Myungbong. Songchun mines) > 3 % 83T % & FHiT B v 22 48w 2
AP gREA I HEERP T L 2ERRE LS P RS
I f1* SBET #% = % 2. As 3 P~k & 12 Songchun mine & % » B @
Bfen 2. As F Pk R A B 5 20.6 mg/kg & 12.4 mg/kg 0 iR MOT AR As
kR (196 mgkg) » 2F7 % i & As ABF & %] 5 11 %% 6 % - £ 4 {1 *
As 5Pk R & B RBR 'k @ % L Songchun mine 4p 2>t H & # ® R
BOXoRR G E R ATRILGFBN (101070 5 & 1 i Kim et
al. (2002)%* Lee et al. (2006)F" 7 Bl Fr 2 % % % I » As ABF ¥ -] %> 50 %
T RPN - AR 100 Yok A BB B E AT e B0 AT AR VR K
prooE it 100 %%~ HFHERER FRG -

Wang et al. (2006)7= % » 1* SBET :#&% > 2 » 3 457 ¢ pif 4 3%
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2 gAEd w3 HE EBYFF (Cu, Pb, Zn, Ni, Co, Cr)2 2 £ kR & 2
3 z;&_p;g; FI 82 As 7 £ Pb,Cu, Zn i 5 {2 ¥ fig if
RN AsZ B2 A8 RRAEEETE D - As TP E R ¥ ABF 4 1)
575mgkg 82 273% > d B F A As KA R P HE 0 LRES €
A2 o

Juhasz et al. (2007b), Juhasz et al. (2007a) 5 Fr - #= 7 B} - & * SBET
3FS% > % 3% 1% railway corridor , dip site #2 mine site = B 3ht ¥ X As 5 %
232 Aol TRFENPE As 2 A Fp s FF 0 P - R
AR RS T A e Y BfRE Y SBET @R% 2 2324 o
topH B iz §4p HiafER s o 4 55 »xlbip i ®  (Rogriguze et
al., 1999; Kelly et al., 2002) > j£_Rogriguze et al. (1999)F= 3 # ~3#& % > i
AP VLol RS AP e B arde v @ 47 F %k RBE » F|pt @i * SBET 8% = % &
738G As 2 24 5 2l o

Juhasz et al. (2007a; 2007b )& § 2% IR - railway corridor soils As ABF 5
6 - 89 %,T 35 As ABF % 34 %; dip site soils As ABF % 9 -89 %, 35 As 2_
ABF = 28 %; mine site soils ASABF = 5-36% > d &% ¥ > 7 | 3HH
® 5 As ABF 39/ 50 % A7 5d 8 » TRk BT 53 14 ¢
100%4% A §8 %5 5 g 73 fc » FRFARGITHE L @ F RTFRE
100% R ¢ B G h'e A2 AT H A F oS Aot BTy T2
Fgd 2R IR As 2 2 P onk o {1 R ERGIE R B
railway frmine site (73 2B As kR 112 B Fe 7 £ 7 L4 s 4p b
(r*=0.90 and 0.98) £ HiE- HEP20 B 232 2 Fg oot E PR
T-T5% 1% WP AR EFPRERF R I REREWP 2%
LF R EARR 0 A TR T UERIERIEPN As 22 55 o
(r’=0.919) » 4 Figure 2-2 #f75 » F]p: 7 )% {{ & 2 PBoig 2. 89 ¢h 382k > 2
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AN RS AT T E T T A MR R SRR L o

1200

1000 —

800 —

600 —

400 —

R Sq Linear =0.919

200 —

SBET As Bioaccessibility (mg kg)

04

I I | I I I
0 200 400 600 800 1000

In vivo As Bioavailability (mg kg™

Figure 2-2 v #% f» + 3R ® #8 N (in vivo swine assay)¥ 48 ¢t (in vitro
SBET assay)z#& 1p i# 1+ (Juhasz et al., 2007a)

Figure 2-1 ¥ Table 2-3 % AF2F & - H R FFE T S AP 2 - IR E S
10 (SBET)A 4 7 scfdfi Eok 5% > ¥ 2% 4 3¢ # RBF &
ABF - { Table 2-3 ¥ > d >t SBET 35 * /% ¥ 12 ABF % 77 > 5 it & SBET
AR AT R IFE G SR AER% Y 1 ABF E % 57 0 i Rodriguez
et al. (1999)%2 Bruce et a.l (2007)##2 5 2 RBF & % 7 *4 ¢t - Table 2-1 %
SAET 0 XFHHY M54 48 As 2 RBF # R 5 3 - 55 %; Table 2-3 %
SR PR RHELGERY AR ERRZ T ApM As ABF # F
2 A4-55% d pE s RFIED 5 A I AP R R ERIE
Ao TR RN EBIFAREIERPEFE PS8 2 % S BTy
# > As 2 ABF &2 RBF 5|3 50 % » 2 4 % 4 »ciBg ¥ ] 32 100 % » 4
TR APSEd I HE2Z FRERIL 0 FTHEI TP RERT T £ 230
AR BE TS Flt g 2V E R G As 2 55 o E BRK 100
Yo A REF B AT Pl E R B R G B A EILA A o



Table 2-3 < k¥ 2 2 3E k2 5 4p As 2. ABF “ & &

Y i 48 As ABF (%) % 2
SBET &5 & #
mining site soils 13 %-42 % Casteel et al., 2001; 2003
Juhasz et al., 2007
paddy soils 6 %-18 % Kim et al., 2002
Lee et al., 2006
farmland soils 11 %-20 % Kim et al., 2002
Lee et al., 2006
urban roadside soils 27 % Wang et al., 2006
railway corridor soils 34 % Juhasz et al., 2007b
cattle tick dip site 28 % Juhasz et al., 2007b
ZFEERG A b xR b RE D
mining site soils 4 %-48 % Hamel et al., 1998
Rodriguez et al., 1999
3% > 2005
Bruce et al., 2007
copper smelter 34 %-55 % Ruby et al., 1996
near CCA-Treated Utility Poles 36 % Pouschat et al., 2006

2
3

Ay

Lt o ERM1992 E B AT Y A b G oan i e B T 4 o

<
N

B 10 £ > 0 RN GERF R TRRG S AR F L b RS
FENRY R o T - HREM T AR R AP 1Y)
fe I * BRI TN FE%R 0 T LB ER DR AP
SRR E S R T S R R RS N e Rl R

ORI E R 2 LS A o
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2-3 #7325y b RS 2
2R RERDE 1IN EF TS AREE o BKP
s a LR - ZHEERAMY S RE DM AR 2 0 LR
S EL Y £ A %48 g 483 - & (Davls et al., 1992;
Hamel et al., 1998; Ruby et al., 1996; Rodriguez et al., 2003; Pouschat et al.,
2006; Juhasz et al., 2007 etal.) - #xm > T B & %Kéﬁ‘ Bo PEERG %A

oM R - R AR A P iR e i
#FH& A2 A (Kimetal., 2002; Lee et al., 2006; Wang et al., 2006; Jahasz et al .,
2007; Simth et al., 2008) o A F* 7 SLE T 1747 2 f’r LI R =
??‘ % PBET~IVG~SBET % = & %8 ¢} :#% = /% > Table 2-4 I Table
2-6 A WP L pERS 2 SRR ML BN F LT E PR N L
o TRETYFT (5 2005)88 ¢HE%k  E R T L P > 4o Table
2-7 #1708 HIFr M ARR S 2L &F AR 4o Table 2-8
%ﬁoﬁ%ﬂjﬁﬁ’@ﬁim%T:
2-3-1 PBET 5% ™ i

PBET #8 *t 32 > ;2 # > & % physiologically based extraction test ° :f;q
MARELAHRDERS F o LARAFER LRI LAY S RE
A goonits FUEYZE (TR REEEHETLFATHEHY 254
FlidpirdnFe 2L kB2 (Rubyetal, 1993) -

Table 2-4 % iT % & < ;;w # % PBET #8 ¢t 385k > /2 2. S8 4k 0 &
TR SRS G RMARP 0 h - A LRSI K
FoRSERE EFR i e FREBMAG e 7 %F - BAE RY 2
WA e AR ET RIZING SRS GS ] §ERPEL S o
g5 5 % Ruby et al. (1999): Ruby et al. (1993, 1996)# Bruce et al. (2007)
PE P ERSEE 250 um - B R Tl 5 Wt 2 A ER A S 9

19



Table 2-4 PBET %% *} 385 = /2 2

St i

AP R~ )I% Ruby et al. Ruby et al. Bruce et al.
R Sk (1993) (1996) (2007)
R AL 50°C iz 50°C -4z 50°C 44z
i & <250 pm i &+ <250 um i & <250 pm
F R A 250 mL "&+x 250 mL PE 4 ;% iF<l 120 mL 33 F & F
3 ORE 40 mL 40 mL 40 mL
B R kin 37C kig 37°C ki 37°C
FA& 50 & 1.0L/ min & # 0.7 L/ min & #
= N\ wrist-action shaker & & 70 pm Je K R 5§ * 4 ah YR
BEEE 4 gm 0.4 gm 0.4 gm
CEL FiRta g &g
LR
pH 1.3 7 FENL3; T "H 1.3
<3225 T322.5;
iea 4.0 B8 4.0
% ] (mL/gm) 10:1 100:1 100:1
ik A 1.25 g pepsin, 1.25 g pepsin, 1.25 g pepsin,
12.5 g sodium citrate, 0.5 g sodium citrate, 0.5 g sodium citrate,
12.5 g malic acid , 0.5 g malic acid 0.5 g malic acid ,
10.5 mL lactic acid =~ 420 pL lactic acid 420 pL lactic acid,
12.5 mLacetic acid =~ 500uL acetic acid 500uL acetic acid
P72 & 2 hr 1 hr 1 hr
| 5 4R F B
pH 7.0 7.0 7.0
N R 1.75 gm/L bile, 1.75 gm/L bile, 1.75 gm/L bile,
0.5 gm/L pancreatin 0.5 gm/L pancreatin 0.5 gm/L pancreatin
ERE & (6 F- F-
ﬁg?lsz i 2 hr 4 hr 1hr and 3hr
PR adL
Ao 2100xg, 25 min 2100 xg, 25 min 10000%g, 15 min
Wi &g F- 0.22um
VA S IE AAS ICP-AES ICP-MS
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e BT A BIP  A RJE< 250 pm RF B EAY LA F AR
Boo B F WAL R Y 2 R MR EFH RS > 4 8F 250 mL
B4 ~250 mL A & 5 70 um 3% 1 PE A% B (Ruby etal., 1993; 1996)
4v Figure 2-3 #17r > 11 % 120 mL gtl%l}ﬂf%g (Bruce et al., 2007)4- Figure
2-4 975 o R BRI HI o F R ARE R R RIS VERE 3T TC
# xR & HH T S IRE M AF RS K Ruby et al. (1996)£F Bruce et al.
(2007)% F1* & F RBF = 3% o A2 N o FHER T IR R > Ruby
et al. (1993; 1996)2 Bruce et al. (2007)321¢ * 7 o crjf4L = ;5845 % 4pip
RO 45 R £ 484 5 41996 & Rubyetal.ig i+ 1993 # el 3N » 32
PE A ififl © 23 Ml ~ g § R AR HE N F 50 SR 0 2007 #

Bruce etal . #-F # B > 3tecd F 2 » g 4> FiT> ARG HHE

Exit flow
rate meter

Argon gas supply

Reaction
flask

40 ml fluid
0.4 g soil

Temperature-controlled water bath (37°C)

Figure 2-3 250 mL /& /& % 70 um %% PE 4 % &L £ s H, + 2 B (Ruby et
al., 1996)
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Detachable tube used
to deliver argon gas

Stainless steel valve
allows gas to escape

Rubber bung
120ml glass reaction
vessel
*0
Sample mixed 249
with GI fluid 'Q?
QOQO Argon gas used to mix
9, GI fluid and sample

Figure 2-4 120 mL #3 F] & ¢ F & 7+ & B (Bruce et al.,2007)

PO GAFENIAEEREE 0 s BT R pHE S T R A R
AR RIER S ZNGLEAISERE > SRR pHE S | F iR
Q\&%Wﬁ%?£¢%ﬁ%%@°ﬁﬁ%@iﬂ$&?%*—ﬁ’%
Topp pH PR A A~ REN LA B BAY R AR o &
Moo A IBEEH P > 5§ R pH EdR S 1.0 -5.00 ARG R pH E
# L pH1.7-2.0-i2 51 pH ER#® I pH4.0-5.0;-] % 4pd + = 4% >
B gt s pHEd - B4 @I F R 2 RAE> 9 4, Hap 2
PEER S pH @A W 5 L = 4p % 130-45 A48 > pH4.0-5.5; 2% 1 1.5-2
P> pH 5.5-7.0; % 15-7 ] > pH 7.0-7.5 5 4 Figure 2-5 #71 (% °
1991; Oomen €t al., 2002; Intawongse €t al., 2006) - X @ > 1t g‘riv‘),%v‘ i AP
WZ Y pH132:2 8 pH4.0 25 pH 2.5 2 ABF H 2% %34 pH 4%
i ABF 7 4% 4 B+ pH ¢ #2484 % 4 »ci2 (Ruby et al. 1996;Bruce et al.,
2007) o ¥ ¢b o mA APREZ F ] AP E S Ruby etal. (1996)4 % 1
REeRE P pER I Y 5 80-90 % a b 0 TN F A {s HF Bruce et
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a. Q007)F g ¥ Faro AR L SR 1P AR B Aol S ap
BT R - R Y ERL L4 T Rl S
DA P SRR o B R L F R e
#4173 % > & Bruce et al. (2007)i * % & 3o £ iBig (344 0.45um) B #
Tt AL N AR F RO Y RIS R AR EREF 0 E A P
RSP IR EPEL TS 0 REBA 7 4 92 ICP-MS ~ ICP-AES &
AAS & 7447 > @ ICP-AES #if £ #1983 kR 4 I > F 2 ICP-MS if &
AT R R ST R R FUE o PR o

10 s to 2 min % 2 Mouth

4 Stomach
30 o 45 min

+ =4 % Duodenum
(pH 4.0-5.5) I s
1.5to2h Small intestines
(pH 3.5-7.0)

4to7h - @k lleum
(PH 7.0-7.5)

Sminto3h
(pH 1.0-5.0)

Figure 2-5 A %5 % 27 P3Nz 2 B FEFF & pH & (2 2 Deanetal.,
2007)



2-3-2 IVG @& > 2

IVG %8 7t 335 > 2 2 > £ % In-vitro gastrointestinal method % H-#¢ 4

LRI S X5y ’ﬁ“%ﬁ”?ﬁ%"’%égkﬂk?#%ﬁiiﬁit‘ﬁéi\}%‘gﬁéiﬁ

B RFFPPAGWIRS A5G o0t 2ok TR DVG ER
32 PBET 8% > 2 2 & 4 3% 7 L4 &R & (7 49 * R=0.83 vs.
0.51; [ %48 : R=0.82vs.0.75 ) » £ ¥ it~ H4F243 497 4c » &4 (4kg
FE) & | AR P A~ ST R RS T T 2 4 Fg s R
(Podriguez et al., 1999; Wragg et al., 2002; Sarkar et al., 2003; Pouschat et al.,
2000) -

Table 2-5 % 5 . = ¥ 357 IVG A F3esk S 2 2 40tk - &
R S S A L A N I R L PN - e TSR O L Y
Ao REELER QF R o Btk e IR IR 0 3EE R BT ]
3250 pm o & R A5 2 R ¢ o Rodriguze et al. (1999)£2 Schroder
etal. (2004)557 * I H FE 44 5 1L 55 Bft 4o Figure 2-6 77 > 12
% 250 mL "4 (Pouschat et al., 2006)£2 500 mL w /%% (5& > 2005) ° %
BRI RIFIY KBS RER 5 37CoR F kDAL (55 2005)

b I b F E F N F RF DR BRI S R

2RI BRETR T GAPRBERSR EHE DAY (5% 0 2005)
AR RFENF RN FINFEFRE D TR YRS S IR
Wi Ly i EER R -

BomA BRI ANE R fe T pH B A
2 I SN I LR R
B B R L R SR o d Table 2-5 7 4v o A A LA
B Mp iR FM B ] AR S A HeSHY - R R FEYINA - E
w AT (3R > 2005)@ * 3k FHrt 1000:1 mL/gm > B AW @ * ik F

S’nE
A4
h
=
Nj
W
=)
o

AP A
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Table 2-5 IVG %8 #F i85 > /2 2. Sy 4
A0 B < /I?e Rodriguze et al. Schroder €t al. % E Pouschat et al.
sxok ST (1999) (2004) (2005) (2000)
e Ew gL b ¥ & b §CiE & R 3§23 & R 3§23 &
<250 pm <250 pm <250 pm <300 pm
F s A 1 L canning jar 1 L glass jar 500 mL & 75 #% 250 mL “&+x
b E A 600 mL 600 mL 500 L 150 mL
B R ks 37°C kin 37C F 238 37C kix 37C
RSN 1.0 L/min # # 7 mig & F
E = 100 rpm 100 rpm B R 100 rpm
W Lk ki Dt K
kL E 4 gm 4g 0.5 gm 1 gm
CEL 200 gm dough 200 gm dough F F
and no dough
i E B
pH 1.8 1.8 1.8 1.8
R EY (mL/gm) 150 : 1 150:1 1000:1 150:1
IR NA 0.15 M Na(Cl, 0.15 M Na(Cl , 0.15 M Na(Cl, 0.15 M Na(Cl,
1% pepsin 1% pepsin 1% pepsin 1% pepsin
P i I hr 1 hr 1 hr 1 hr
] 5 4p B
pH 55 5.5 5.5 5.5
B R R 0.35 gm/L bile, 2.10 gm/L bile, 1.75 gm/L bile, 3.3 gm/L bile,
3.5 gm/L pan- 0.21gm/L pan- 0.175 gm/L pan- 0.33 gm/L pan-
creatin creatin creatin creatin
ER iron hydroxide gel E T H£ g &g
ﬁig?infL?' 1 hr 1 hr 1 hr 1 hr
F B A
oo 10000 rpm, 15 min  5211%g, 15min 3500 rpm, 15 min &
EiR 0.45 pm 0.45um 0.45pum 0.45pum
A SR VES ICP-HG ICP-AES ICP-AES ICP-MS
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pH Electrode

Ar Gas
Dispersion

il — T

Figure 2-6 Canning jar » &1 7 & B (Rodriguze et al., 1999)

e 150:1 mL/gm > #X @ o ?}*Jﬁ‘ BZ2AFAT? A2 3038 BEL
P el £ R S - o HBRREREN G M ok M A
S AL PERCME 5t B % Bt (Ruby et al., 1999) - Hamel et al. (1998)F= 5 1
% W NIST 2710 1% 1 % 27 Jersey City 2 3275 S B\ 7 F
% e (100:1 1 5000: 1 mL/gm)$t2 4§ st F55 =1 S5 F R
NIST 2710 2 34k &30 % i B pF - Mg d 4o g oo P ARRC) > e &
Jersey City 2 3 ¢ » # ABF ¢ "gig Fv" 2 § @ 3 4 (R=0.76) > F]s F &
A F v RFO(100:1 £ 5000: 1 mL/gm)As ABF £ £ fie-] » /i 2v+12 %22-9 %
2. 1000:1 mL/gm ¥ iTi£ 2k & > 4o Figure 2-7 #751 o 22 7 #2308 7 7
FE:% 1000:1 mL/gm % B 5 (TEREA T F (7 o o] A T®INL
SR R -] S 2wz i' > Rodriguze et al. (1999) ¢ $ii5 4 47 4 3%
IVG £ IVG-AB 2% > 2 ¢ > # @5 WP Bidsk 2 40 M 12 0 IVG-AB
Hdpie * SOTHE R ¢ (tea bag) s S RAH RA A F AL
? >z 3 iron hydroxide gel (¢ 0.65 M FeCl; /% % 2 2.7 M NH,OH ¢ v
I pHOO®HE A =) P75 FIM > IVGE IVG-AB #8 ¢ i82% > 2 7 >
|5 ApFh ABF 2248 ) 5522 RBF R &M 2 R E4 5 5 0.82 (IVG)
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\\\

2 0.79 (IVG-AB) » 4 7 8 % s i B0 e v ok » $44 40§ snfi 5 28
7% F]LF g Table 2-4 VF IR 0 LIS E P W A 1€ SRR (T
W FEIMPEEBR T AIL G N EL 32 VG BEEk P &
PEEF A B PV 0.45 um)pt B R IR 54 B (8 RIE

# ICP-HG - ICP-AES 2 ICP-MS % i i 7 4 17 o

40+
100:1+ 200:1+ 500:1¢ 000:1- | 2000:1- | s000:1¢ i<
B=0.T6+
45-+0.8% 6.0-£09%d T.7-£09%| 13.0£4%0| 18.0-28%| 25020050 A
£ " “
2 a0
g’
=
5 -
WO 204 )
=
2]
74
:¥]
o
S .
2 101
m a

D T T T T T
o 1000 2000 3000 4000 5000 6000

Liquid to Soil Ratio (ml gastric fluid/ g soil, normalized)

% Jersey City # 3E ¥ » 7 Ip e #x vt 2240 ABF B % (Hamel et al.,
1998)

Figure 2-7
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B ¥ O IVG M hiEsk = 2 ¢ PBET % 2 2 > A% R A 823
4p pH B+ - IVG #7h 225 > 2 @@ * 0.15 M NaCl £ 1 % pepsin % %
# PBET 2% = 2 [ 8 > »t [ %4a ¢ & % iz pH 3% 5.5 tp4hm 2
4 44 sl FPBET 3% = 2 %1 & ¥ pH 5.5 8 PBET = ;# pH 7.0
2_ F P-2x & i 4o Figure 2-8 #7151 (Rodriguze et al., 1999) » it IVG #5%
EASEFTEFRP AT PRI ELEERF TG R
oo BIAPR T FE L FAEES Y o F PR IVG #% > 2 i PBET
BT E - RFHRY LR R R AR - BB

VTR REFEREE Y 7o

y
%

(pH5.5)
| |
16 14.8 153
27 (pH 7.0)
2 8.3
58
<
<
4 -
0
PBET IVG IVG-AB

SR A o e

Figure 2-8 ' i ah % 2 3304 I 8 *h 385 = 2 2 /| % 4p# ABF
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2-3-3  SBET i#% = =
SBET #8 *t &5 = ;# # > ¢ % Simplified Bioaccessibility Extraction -

PR L - HApE PR A R A APRE 0 5B PBET %8¢ 2%
CHEOUBEFATEEY S FEHGR IR L8 PR (As)i
Az 3 3ETh %% (Rubyetal., 1996; Oomen €t al., 2002; Kelly et al.,
2002; Juhasz et al., 2007a; Smith et al., 2008) - iF4 Ruby et al. (1993; 1996;
1999 7 B f1* PBET A% & dh®® X474 2 3B E
WP #% o 7L # R4 RBF &6 4 7 5% T iLip i (R=0.96) > F5d &7
%% >Drexler (1999)% % :& - 5 ¥ PBET :#% = /2 f§ i* 5% SBET #%

e

A E AR EITIEE o ¥ 0 TS # Jahaszetal. (2007a)F7 5 B IR 0 B
Fl* SBET #Z% > iZ VT F® £ As i3 42 FERM P 2PN 2% > 727 7
EETFRASABF e #HF % 5 R4 (R=0.96) -

Table 2-6 % iT & < }}% P 3t SBET #7382 2 S0t i 0 &
RS A, G ZIVLEP R - I S RS IE ~ F 1A
Ao REEER S5 R o RRETRILZING 0 PE Y TR SR
250 pme EF B AAINZER Y oA WG A EF B 5 R v HDPE
7% (Kim et al., 2002; Lee et al., 2006; Wang et al., 2006)2 2 125 mL % 2
W 91 47 i WE¥T (Juhasz et al., 2007; Simth et al., 2008) - {2 "Fff OB s
% Drexler (1999)% Kelly et al. (2002)% H ATt * 2 F Ot # 4 Figure 2-9
AR W R BN F e AR RIS oI KBS SNER S 37 Co
BB EARY 2 TRE VL % 30 rpm £ 40 rpm e A HE

R REHE SRR R oL LIFENTAAZERE 0 #3255 % pH
BT SRR SRR IS4 gy - R 4P pH

5 1508 % % F 100:1 mL/gm>» § = A W@+ 5 2o i (glycine) »

FR1/ I B AZP R EIEE L3732+ WR-I P REFiBR
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Table 2-6 SBET 48 *F i85k = 2 2. ¥ &
E K Kimetal. Lecetal. Wang etal.  Juhaszetal.  Simthetal.
b S (2002) (2006) (2006) (2007b) (2008)
e w0 Rl b 5218 & b 3238 & b 3218 & b 3718 & b ¥z &
<180 pum <180 um <200 pm <250 pm <250 pm
F Al wide-mouthed wide-mouthed wide-mouthed 125mL %z 125mL % ¢
HDPE bottle ~ HDPE bottle ~ HDPE bottle 4 &7 471y g5y 4 b7 47 1 g
Y L 100 mL 100 mL 100 mL 100 mL 100 mL
il kip 37C kig 37C ki 37C kig 37C kin 37C
K& 5N - F- - - E-
WL L d30 rpm 4 d30 rpm . d30 rpm . 40 rpm 40 rpm
end-over-en end-over-en end-over-en: i ) e o 1 o
rotation rotation rotation BFHEF BFHEE
#EEE 1 gm 1 gm 1 gm 1 gm 1 gm
§ ¥ mi S FE mi mir
LR R
pH 1.5 1.5 '] 1.5 1.5
/& F vt (mL/gm) 100:1 100:1 100:1 100:1 100:1
Bk A 30.02 gm/L 30.02 gm/L 30.02 gm/L 30.02 gm/L 30.02 gm/L
glycine glycine glycine glycine glycine
P72 & I hr 1 hr 1 hr I hr 1 hr
FrRw R
o E-t F & F- -
HiR 0.45 um 0.45 um 0.45 um 0.2 pm 0.22 um
VA S ES ICP HG-AAS ICP-MS ICP-MS ICP-MS
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(Y2 0.2 pm 2 0.45 pm)® e J2H Fp o SRR L Z 87 M ER T 2 2
FBR T T B TG - R0 SBET 48 #F 3% = 2 4p o>t PBET &
IVG 5 > & F g gt o -

TP AL R - HFERFEF R T AL ML RS RS

PO E PR T RIS N o B REA YT SBET s 2 4§ v

ICP-MS & {7 & {7 °

Circulating Heater
(Set at 37° C)

Plexiglass
Waterbath

TCLP
motor/gearbox
(30 rpm)

¥R

Figure 2-9 125 mL wide-mouth high-density polyethylene (HDPE) bottle
Meth % 4K 4% 7 & B (Drexler, 1999; Kelly et al., 2002)

31



2-3-4 REchiRER S E L Ep
R N EEE SR EET S R PR
SRS AR DRI RGP ISR RARE LR YRR

M A AT A LAY M AR 22 Sl B
dped B AR RS E AR A Y W WATT (G > 2005)50 FEEA R
AR > BUFENRALAA G RAH L FF R

BRI CEESRBRE SN S RAEG Y T B ARS R
AR IR B AT H B ] P 4 Table 27 447 o T

;Z #-so it de T

(1) K&@FiFni:
A, BTG
B R R EAT Y o B RILEZ KR P B
WERKH A~ 8 250 mL &4 ~PE A %A sy Fl R # - R ¢ HDPE
FLE F B¥L 0 4o Figure 2-3~2-4~2-6 82 2-9 #7571 > Ra w ATy (%R
2005) i@ * Bk Se2 F AL (500 mL ow GEY) T AP RER 2 K
M1 #8 3K & 4r Figure 2-10 #7710 » W3 (T H g i 52 7 2 % @ 8 i)
BE? 3 AP ArPbrAsE)dk4ci T4 ¢ o AT 5% 2Az R 0
e BT k2 F OB E S R BP LR F R
(500 mL s F¥5)K & -
B. B E#FH
B R R EET Y MR R A WIEA 37
CoF R RES N A AMER 0 R A RELY 3 IR
RO F A RORE RS S RS S e
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o fof

=S

nEws  HEKH
BERE

00.0

Figure 2-10 #F 3 Hn A 7R 2 F BREE F WEREZHVEZ 7 LB (55 > 2005)
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C. ##£= 34
A7 SR Y IR R > v g D RS N §
W2 B 5 T R GRS AR S R LA 0
Ptk FOEtA o B F 0 R R RS SRR
FRIF AP T AWEEARY R R AR P (5 > 2005)° i@ ¥
B AT FUARROT Y gV R S 2 R EHE X AT T
TR IR R o Bl AT R Y S R
P s A SRR o Y S AR B R Stk

WA R DA S BT R

D. /¥ >3\
EARE GV o v gk R RF EEH PG R AT YR
WEF g s Ry >N aPFERF AL 2 FR
WREARTY S AU W S RERLEE AT T AR
4o 3 Ay EARHEE 0 & SBET #% 29 Vm > & 2 # % R

Booxjr g

FONEFHRRT AT EARE AT D ASABF b S P %S |

a7

I

s Ap b (R=0.96) (Jahasz et al., 2007a)e £ ¥ ‘4% k¥ if 2 4.7 it

Y

FARBR BRI DEFE-HFL O FI o AL RIS
GNP RE LRk
(2) AR i3ni

I % Ap e A

| AR A 1 F B 4t Rodriguze et al. (1999) » 3% IVG %5

RS = U R (S LS et W T 4 8
Bolgsde - a5 o W RRDUG RS RER LIS ER
VG 22 % 4 @ A T B ST F 5 100 % o F]P 0 AR
R SR LT RRARS o
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T EHARE PR

ARl 2Ty ¢ o i PBET 35 2 2§20 % 4p 5B
BRI RA - KA 14 pF > a VGRS 2R 1 FiF R
B hm Py (55 0 2005)¢ > BT Hap 11 RREBRERFEIR L]
PPtk PSRN SR F R RPERILG 2R
Flpt 0l 1 P RERA B EERERRER R B o MR B % AT

Bl BARE PR Y 5 1 pEs fnd YR EFT Y 20 4P pH B
AET 0 TR - A S pH 7.0 2 BRG]
| E2 T e
C. FPifw il !

B RERA L P 0 PR IEING 0 % SR e g
TR AR B RE 0 RERGEFIE LR ST
FEELERAA T BB LS EARDFAT (56 2005)¢ E
I BETERFEER AR EARY > BRIEEEB A A KR S
BB ZEPRS DA R 2T ER I B o AT B
R RJL E PSR BRSSP ARIZER 2 ERT
A2 g BT 0 - HIFH AL R e 2 B AT 2 U

Eé’/%&’ E,‘:‘K"
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Table 2-7 *F7 % 2 4 3 »uE R eh iRk X & e i i 1

=+
~

A S

© e

*E Y Sk

X

AL % B Y 500 mL

£ B r HDPE

& ER

l.

MR Lk
ENEER T E X

He e BRAF R

R LR T R kA

i

ki B7°C)  F EFGT°0)

[

_@;I%c* @ *oRIE RS

PR MR R R A
AT RP S R
SRR AR
B AR

W N

VA ke

RPN |

B

PUBCRE R AR <

AR o Gk
NoF g A AF
5 Ak S FER HELY Y
LA

ARG R B BT

AL 2 SR s
BrfE A A

Shy b
s

R

a

b

Sl

7o #

. -@/ﬁ‘%t’ g e

FRIFL FRFRFE
£ SgFME AR S
'4\f’é‘:j\)vl g;}'&r’g o

. & SBET #5% " > 7 &

PORF SN T Al

A

2R

% An o i

YLHE R F R
RN G
iron hydroxide
gel

Z T

e k= L

CEda ’Q‘/E%c‘ BZE B
U R
I AR AR T o

TR ERTE AL AR

* R A F P AT T
N Il O
2R o
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|5 AR F PP

1-4 ]

. 3E(2005)i 7 ) B 4 11

)P B R R )
F%*BFZ@E%FE'F%%E ) 43 e
ERE XA ZBR o]
)P RS ] AR B pE
FRER2F -

#rw 3500 rpm - & 3500 rpm>

15 min » £ 14
0.2 & 0.45 pum
i i+ i

15 min

[S—

-'b}gkﬂ X FEFHEe R

i@fﬁiﬁ@@ﬁ,ﬂ?,ﬁj@
SN N RE A R
B g R < F b

e ol N R

§ o E B 2 RS
T T KRR o
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2-3-5 REchiEskz mE AR

ER AR R TR ey e g A R L ﬁéf’%%’%%fﬁ AR S P R
(SRM) » 4efh fagh e 428 4 3 > az = ks A R g R 7
o A8 oh 3Rk 2 S B o g A2 )‘;FL (Hamel et al., 1998; Eillckson et al.,
2001; Pouschat et al., 2006; 3 - 2005)i# * SRM i& {7 & ¢ A& » )J% <
iR S 2 g A 84 %] 5 NIST 2710 £2 NIST 2711 (Natinal Institute
of Standard and Technology, NIST) > NIST &2 4 3 7 5 4 fe cd 3 AL BT &2
it B E<Tdum 1Y F3 RN EERF T 2ERAR G
WA F TR EETT R AR Y oA (As)S > NIST 2710 2 NIST 2711
>EER A Y 5 626138 mg/kg 7 10548 mg/kg » NIST 2710 2_ Jk B i3 4
A fToT o

AEFE /fs”%“ i % NIST 2710 2 $3F 2 & (74 b 2k 2 5P~
% o 4o Table 2-8 #771 o j¥ & ¢ ¥ ar> 7 BB RE S 2 H 5 4p ABF %
% 28-69 % - % 40 ABF #§ % 25-66 %> % 1 Eillckson et al. (2001)
% 2 R eh 3R S 2 T Bk BB Pouschat et al, (2006) 1 * 2 K o k5%
EPonF i o - R JI¢)§L<“‘ WhER2Z S8 BV RFI5G 25
19 pH & 21 ;2 F1t #7854 o & Eillckson etal. (2001)F 5 ¢ 3 » 3 &3
i0 pH E# (pH 1.4)2 2 Bt Bod (2000:1) » & pH Bdicz 3 4 » 3
EP AP FTRFIARBIETRY CABFRHEHRB I MFT 240
(o3 AR ] BAR)E B 2 7 i § B 4o E Pon o j¢_Hamel et al. (1998)
Fyvavg R FwAxg @ ABF » 4%3 > ® & _Pouschat et al. (2006)F 3
B0 3 4p pH Edad (pH 1.8)27 i3 Bt d it (150:1) 3R e » F]pb 5
Mg R B AE R Mo £ % ot R A 4p e (1000:1)2 Hamel et al. (1998)
25 (200585 % ¢ E IR % AR ¢ R ABF A b 3 48 % 39 % ¢ 4 445

PEERE B F e X AL o AP pH B WREFE S EFFY EEWL o

o+
\'tv
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Table 2-8 NIST 2710 soil ** 7 Ir 8 *b 385 S Hc iz A 2. 4 $o 3 sxfd bt i

Hamel et al. Eillckson et al. 3 (2005) Pouschat et al.

(1998) (2001) (2006)
FB4p i - rE - - i - i -
(two-phase) (three-phase) (two-phase) (two-phase)
W water bath wrist-action S 4 e o
shaker shaker L B A
7 F vt (mL/gm) 1000:1 2000:1 1000:1 150:1
pH &
i AR } 1.4 1.8 1.8
e R - 5.5 5.5 5.5
ABF (%)
i AP 48.0 69.4 39.0 27.6
exi: } 65.9 29.0 25.2

Bofé > & Table2-7 ¥ 4> § 54p ABF @ R = F~ > ¥ #3505 & 4
Bz ¥ 0 E g d Fpoanii & 0 B RBF B & 7 fGg y 0 P
AP FER o ED A E AR ¥ o HARA2Z B RBF E

B
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2-4 2 7 LR p BRIk 2 Y

ERUENE o R AREE R SEER A R EAE ok R K & I
BrRHREFTFR AT EFER O URESHPN RS o
FulE_ A= R a5 (immature swine) > f F 5 B 4 T E R AP 23T 4

oA RE e Y AR RE T RFRE o 0 AR

fo
H

;t'] ~ 1

PRI AP QAR R FAX AL EI AR B BRI

ga

f

T NFEHERFRLZFAL %A S (Kelly et al., 2002; Juhase et al., 2007a) -
B3 PP ERET L TR 0 EF R RE S AL
ﬁi%ﬂf 22 P ?'\? H0 1992 £ B FE R BB 2P B B
PRES R AT T P o Bt B ER THF L0 S g
R TLRIMP E % b RN SR R T AT F R T A
BfE s £y L5 e S > AR RFL AL S IHMY G L
A ARE P 5% T (Kelly etal., 2002) -

AP SRR TR et E o XTI EM 3 B R
vl e T Esk g5 2 #icdy (Davls et al., 1992; Ruby et
al., 1996; Rogriguze et al., 1999; Casteel et al., 2001, 2003; Pouschat et al.,
2006; Juhasz et al., 2007a) » Figure 2-11 5 & BF 7 » $4 P &5 58 oh @25
25 F ootk AR v gk MEP ES Y RBF B4 o R ERE 1T G AR
By p A o MRS 2 k5 0L ABF 4 7 0 ¥ Davisetal.
(1992)¥7 Rogriguze et al. (1999)2 RBF & 4 77 - j&_Figure 2-11 &% B &
foo RN 325 RBF 0T #5918 5 5 25 % RBF #1195 %% 47 % [ (95 %CI)
= 31-19 %; %8 *} 385 ABF e 35 5 2 22 % ABF 5195 %CI 5 29-16
% > T R8P E5% RBF B 22§87t 225% ABF 35/ 3 50 % > » ¥ 2 48
FHRIDM BN B4 % (Ruby etal., 1999; Roberts et al., 2002)° f 4
WAL (3 > 2005)%47 Ruby et al. (1999)% & ¥ » AFH PN 35 48 o
PRy BRERoMARK - A D M PN Rk o
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€ In-vivo As RBF (%)

55
A  In-vitro As ABF (%)
- -2y - - In-vivo 95 % UCL
S0 f -k - In-vitro 95 % UCL
@ 45 A —— V@ F F # 95% UCL
o
<
P ¢
\‘\\:,’(
zssz‘XA
3 * o
¥ 30 D--A--A--A--A--A--A--A--A--A-A-CA-A-CA--A-CA--A--A
N SRR CRE Sha) > Gl SRR Chb Sh Sub> SRP SERS. SRl S Jub> SR SERS SRl 4
o5 | A * e
Aug
- A A
> A X * .
ﬂ 20 - V'S
2 5 o o
% 15 AA A o
10 - A
2
5 - A
A
0

1 23 45 6 7 8 91011121314 1516 17 18 19
i3 35

Figure 2-11 7 77 7 ¢ RPN B RE 250 2 5 sxfb2 v )

i+ Casteel et al. (2001)#= 3 # - £ B~ Superfund site (VBI70)z 3 3% {%
o BTN PR % F I As RBF T E 5 31 %0 95 % UCI 3
42 %> PR T R FR TR B 95%CI F Ui 42 %5 AsRBF i iE o
ANAFTHEETEFAT TERETESR > EA G oo E s B § At
:#% As ABF 2¢ RBF Mt 88 )\ 22% As RBF 42 %p¥ » 23k ¥ % FFECS
BARA P R R B Y 5 - PR AR AR o

BF AL AFEI R ERPFEFHEP RREIM I RERZ L P
PR Bp e FE AR A TR AP L o B Py @R Y
A & o (e TG U R S B RRE R AT
Rodriguze et al. (1999) ~ Castel et al. (2001)#2 Juhasz et al. (2007a) % #= 3 >
&P A RSk fF A 417 4o 4o Table 2-9 #7577 »R” 4131 0.65 - 0.92
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Table 2-9 1t % k@ MM &M 7h R 2 J § skt i F A 47

In-vivo In-vitro

LTS AsRBF(%)  As ABF(%) A AR
Rodriguze et al.(1999)  21%-26%  15%-21%  y=0.76x-1.36, R*=0.67
Casteel et al.(2001) 18%-42%  18%-31%  y=0.81x+0.05, R’=0.65
Juhasz et al.(2007a) 16%-41%  14%-35%  y=0.93x+14.19, R%=0.92

» slope /1 %+ 0.76 - 0.93 » & % &7 %8 *h 322 As ABF £ % A 3% % As RBF
F AR R ALY RER MG B Rk 7-24% 0 £ F 0 R
TRFIATS 2 e R RN SR Rk 2 MR & X T e A
155 7% _Figure 2-12 R P 2Rk 2248 ¢F 225 4p M 124 47 7 29 R* % 0.83slope
5 081 TR AR ERPN FER G L OREM G TR EREE
B F BE 19 % (=18) 0 FFd B R T v P RREMPN 2R
NG PR AP T T P Pk 2 R RS S R TR k2

iif;”ﬁ EE ARV %?E‘}E'J‘ gg%g%%:&mifg%& MIEin o

60 y = 0.8093x + 7.1147
R” =0.829*

S50

S
=
T

In-vitro As ABF (%)
73]
(=]

[
<
T

[a—y
<
T

0 10 20 30 40 50 60
In-vivo As RBF (%)

Figure 2-12 +* A 2140 7H 383 4 4 5 ol > ek 6 2 4p B 12 B)
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IR i S
AT PP SR PE R LR SRS ot B
Ho P AL RESEEE LA F AR B FRAFL S G e
RERREE S E o UT A w HERP AP RS 2% Sl %
K3~ ICP-MS & B A 477 2 2 By TR R L B2 02 o
3-1 R ER AR Rk Sk
AT A G oo B s > AR 2 HPFAT (5 2005)
Ruby et al. (1996)PBET #§ ¢} z&5& = ;% » 4t = j* % f§ i % K EPA Region VIII
gﬁﬁ%%ﬁﬁ?&%?%iiﬁﬁﬁﬁ%ﬂﬁ%%%’ipiﬁﬁ%
BT er s R b R Bk A2 B 0 H Z P 4o Table 3-1 #7151 o 4 78 HP 4o T -
(1) 8 55 A28 i
PSR G218 0 W8 & PRUT ] 3 250 pm o UEHR T AR S dp0E 4 @ oE
g2 T xRS E P 0.4-10 gmo ik ygiz Fv 10:1 - 5000:1 mL/gm
W HRETRESEER A TERR Y ST 0.5 gmo R FH 1000:1
mL/gm
(2) & B8R3N
ARG F RS R 500 mL B FEL 0 VLS AP
X RFVARES WEE EPERBE AR L g § W
Oy oo g R o B R RRE RS R 2 R
B AR P LT Bk 0 4r Figure 3-1 #751 ©
(3) 5 ApiEBRINA
iﬁ%%?%wmlmml’uﬁﬁiﬁ#@%@ﬁipHﬁ’@W
4v 0.15 M NaCl % pepsin° Ruby etal. (1996)F7 3 > % % A $43° F i p+F
1 BEF ) 1 80 - 90 Y%ch& e » Flpt AFT T % AP F PR T

g1¢goagnWﬁaﬁuﬁﬁ§§@&%@o
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(4) I APt A
AE% ST PBET #5222 S B A A AL 2 ILiEET ¥
‘% 4p pH 7.0+0.1 > lﬁ_“,;‘r 4v pancreatin % bile > & PR 5 1 /] pF o
0TS ER AR Y Y 0 ¢ AR R AR AR e
oo TP AFT R AR SRR > i I B ARR o
(5) FPir AR
A @ * 3500 rpm Fres > A @R F 045 um TR 0 J TG4
o2 s ER T R G Flet A B B R B B S
R N o
FETWEP » AFY 2 55 2B RS AR R 8 sTde Figure 3-2 #1
T w - FEELH DUHECER S gy iv (gastric phase) /,"‘]‘ 4r 0.15MNaCl 2 1%
porcine pepsin & # % & >k HCl 3% A A 2 pH 1.8+0.1 > » & 1 | ¥
(6 Pd 2 H PR Sap e 3k k(s > 1 ICP-MS A 78 M ER o &
FE N FZFPEE ) B (intestinal phase) o 75 *v pancreatin %
bile » & 1/ 47§ NaHCO5 i3 7% 4 B %2 pH7.0£0.1 i€ 5 %% » F & 1 /| p¥
t 0 B ] BB AR 3B AR e AR R 2 R Rk 4 15 0 1 ICP-MS A 7 0k B o

Figure 3-1 ##7 7 R0 *h38% F W WX 4
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Table 3-1 #F7 5 2 4 F »cih 4 *h 25 S0t ot

S D CfrdEE RE{ R fici
BEn g fREh grt B PR L A MRT RS g s R T
<250 um
7 TE 150 - 600 mL 500 mL & 5L ¥ LS R ekt
AR il B A
e kig (37°C) F st PR URRE-§- R CR LRy g P o
(37£0.5 °C)
- BRI R G S A R ISt UF ot
E 5N & F N AFETRYREFRE R A
R 0.4-10gm 0.5 gm MR AR FY 1000:1
mL/gm
i AR
pH pH 1.8 1.8+0.1 Loz R B 5 i
z pH &E
2. Mk HCL % %3 % pH
iR 0.15 M NaCl S AT porcine pepsin
+ 1 % pepsin (activity:800-2500 unit/mg)
e 10:1 ~5000:1 mL/gm 1000:1 mL/gm % i 4 EECEVE = = g
i
PR 1 hr S AT ¥t 80-90 %na i
| %5 4p
pH 55%2 70 7.0+0.1 1 474 NaHCOs 7% % 34 % pH
R i pancreatin % bile S N 1. porcine pancreatin: 4X,U.S.P.
2. bile extract:CAS NO. 8008-
63-7
¥ Fig i * iron hydroxide gel o YRR AR
g strip-coated ferric ox-
ide 11 ﬁ{_‘%g,y )95- 54 1;: iT#
EDopE 1-4hr 1 hr T R AT R

#w 3500 rpm
15 min » e % &

{7 i B e 1

FBRw EJ® s 3500 rpm £2 10000
rpm > 15min > 12 0.45um
TR 0 £ 12k HCL

A > l—l\_/
7%‘/1’5 fik it

1 sy ¢ B A2 fi
iy (8
2. 1§t REERALR
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% * 500 mL s %%
. 53R 37405 °C

hoh=

F R

% g4 #{EE(0~1000 rpm )
TETR pH & B R

'

Phase I : Gastric Phase

(2 7 0.15M NaCl & 1% porcine pepsin)

% 44 2<% # S00mL ¥ 7

b x5
(&% % 200:1 ~5000:1 mL/gm)

Y

Phase 11 : Intestinal Phase

FAe xRS 1.75gm 2 2
GLEE% 0.175 gm

!

% ®l4F fo NaHCO;3 3 i% » #-3 R
# 3 pH7.0:0.1 £ 5 /) %

2k HCl 3R % pH £3 1.8+0.1 !
| FRE1/ R
FEL1)F :

AucE 15SmL 3 Ric ] B R

v

.~ (3500 rpm > 15 min)

¥

ICP-MS 4 #5335 kR

Figure 3-2 & %7 3
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o ® A W

10.
11.

25 BRER ARG
AP LEFL PG s BT BB R B R A BT WP
Na,HAsO, + 7H,0 : 99.0 % » 3# % % (Showa) °

% R NIST SRM 2710 Montana soil : #4% <74 um > # ~ 2 > kR
5 620138 (mg/kg) > > &k R iRFE A RS AT o

porcine pepsin - activity 800-2500 unit/mg (Sigma CAS NO. 9001-75-6) -
porcine pancreatin : 4X, U.S.P. (Sigma CAS NO. 8049-47-6) -

bile extract porcine - (Sigma CAS NO. 8008-63-7) o

NaCl : 99.5 % » :# % % (Showa) °

HCI : 35.0 - 37.0 % > 3# % % (Showa) °

NaHCO; : 99.5-100.3 % » 3 # 5 (Showa) °

HNO; : 69.5 % » 3#% % (Showa) °

DI -k @ &2 > 18Q (Millipore Milli-Q plus) °

AR % 0 1000 ppm (Merck) o

12. 3.~ 4 15 mL x 16 pcs, Speed: 4,500 rpm, RCF:3,350 xg (HSIANGAI/

13.

CN-5100+RS-50 i& 4 ) o
SEbpi WAEE DO 2 B 5 5 350 - 2000 rpm (Corning, USA/
MPII) o
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3-3 2% 7 iR R ARRK

A S Y (5R 0 2005)57iE 2 2 88 F E % A7 R 0 e Figure
3-2 9757 0 3B - A }I?% P RENMFEZE R Sl IR Rk 2
LEBHA S G B B %KL 0 EIEH 5 A (phase 1)
% Evv (phase II) ~ /| % 4p Z B~p& & (phase III) ~ 5 B~ # 570 &d = 5%
(phase IV) » & — a5k FF £ (phase)> N § = f67 b $¥8cidsk 0 & 53k
kS ",f (7 2w EAF ¥ 4k & (replication control) ¢t » Ip FFiE {7 - 2 7 ¥
# #1# & (blank control)if] = » H & BB B A i 4o !

3-3-1 ¥ 5 & :#% (Phasel)

Eﬁﬁ%%%ﬁ*&’ﬁﬂﬁ%@%¥ﬁﬁﬁﬁJﬁ¢%ﬂ%*%%
EH 2 N AR 3 RIS § % 2 ;e Table 2-4 3 Table
2-6 #71 > ¥ ﬂ}g’c“ oW REE G BATER R G B KT Y o T A
PR A PR REFT A& A S S 02500 % 1000 rpm v > JHF
A RIEE R EFA Y G o B ¥ FE IR Y 5 1000:1 mL/gm >
72 Figure 3-2 Z PR B B Ap 4 $ G s 0 3R B F2 B 38 (7 38 5%k o

PLoh s R a B T (3R 0 2005)%3T 5 B 2 4F R 2 ViR TR O~ R 3
w2 )I?% ¥ (Davls et al., 1992; Ruby et al., 1993, 1996; Hamel et al., 1998;
Rodriguez et al., 1999; Sarkar et al., 2003) A B! Frzef? § % 2 4= N 7
R FEIER Y FEEE IR W Y g (pm)k & 7R R M2 6 %
B AT VTS ERER [}% ®  (Schroder et al., 2004; Pouschat
et al., 2006; Lee et al., 2006; Wang et al., 2006; Juhasz et al., 2007b; Smith et

al., 2008)% Mpt s % o e rpm B R eif ok G HALEE T2 R
ﬁﬁ&gﬁg’%¥—&?%E@ﬁ@ﬁﬁﬁ§iﬂﬁﬁﬁ(G@’Ec
Lsec ) FHE L™ ahd BT T oE-rpm Gd 2583y GiEo MIF

HEHARBAIESFFT AR G B HE PG o Y A0
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AR T R o

# BB R 25 (6)(Cerraetal., 1979) :

du P
G = _—
dz \/ uv (6)

He oG Edpaint? » SR T HE Y (d2)2 2 AL (du) H
msec' " PLMEFCEEWN-mis)n 53R  E=N-s/m*;V 5K
BH G oeE A Eimm o

¥ @ #) #7 7 1345 CES (Challenge Environmental System, INC.) = # i
A A BT RS B Y CES 2 7 @i 4 ) & 50 mmx
10mm 25 P ERBEZFATHER P HFBFZPEmpm2z 254 UE G

72 rpm 2_ k¢ % B] (CES, 2002) » 4- Figure 3-3 #f77 o

P =1.03x10"xrpm**'**" (7)

— —P&B, 1-L - = = P&B, 2-L CES/IJTA, 1-L

_, 1000

‘n

Q

=

Q

@ 100 -

o

2

I3

o

o

>
10 ‘ — ‘

10 100 1000

Stirring Rate, rpm
Velocity Gradient as a Function of Stirring Rate
Figure 3-3 rpm £ G &2 B % B (CES, 2002)
FAFPERY2ZET 5 CES 2@ g <] 5 40mmx9mm £ 7 §
EREFE 2 H x| 2 CES & 78 (7HL 7 3% 7715 2. Figure3-3 #1i¢ * 2

L3P ERZEL S F R L S50mmx 10 mm e * 245 Lai etal. (1975)F
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THRE CPEAZBEFRSAPE SRPAEEHH (A)F B TP A
AP Goad 20 (OFwGEE (PP TR RaEGES
(A)Z & pt > x Flhgm g orig * 24 2% 4 5 0.5 L &2 CES i& {7 5147 3
H2FREMEILA R T A8 (O GEms (V)P

Bisd PO VHEZ FEREER2 G E 0 4o Table 3-2 #1577 o

Table 3-2 ## 7 #i# (rpm)& G EH & *

CES INC. (2002) Y
BE e fF (A) 50 mmx10 mm 40 mm*x9 mm
3 ERH (V) 1L 05L
& (rpm) velocity gradient (G), sec™
0 0 0
500 326 470
1000 698 1006
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3-3-2 & H #% (PhaseII)

@}EJ&:‘ BEZNARATY PRF LR RRLBEL S G robz

TE LB MBERERTEYF M (Rubyetal, 1999) - ®H 1+ > % A
Fléefeip faa » AR 0 XMAT 0 REVASB B ERARF o1 F
A ®x X j

P AR 4 M5 1500 mLo @ A REA 2 4k 3 5 (fasting) i
P A g MR Y R A (20 1991) 0 T i £ A 4 R i B o

RS G M RRATR 0 LT e § 4 AR i RO R
v E PR 54 Hamel etal. (1998)5 3% Rz ik BV ol > 2 * = fa7
fei B0 i 73R8 0 A %] 5 200:1 ~ 1000:1 2 5000:1 mL/gm > * &, 7
SR 5 S00mL o i B 0 b3 E 4G 2 58 > 4o Table 3-3 #77 -
* Phase I 2% ¢ » F2FF 5 A G & 5 470 sec” (500 rpm) » 12 Hd 3
FPEE iR 0 FEA A PR B E A Fgoonii 2 8 .

Table 3-3 = #&7 ki Fvt 2 & WA E £

Liquid to solid ratio (mL/gm)

200 :1 1000 :1 5000 :1
3 P88 (mL) 500 500 500
Na,HAsO, - 7H,0 (mg) 2.5 0.5 0.1
NIST 2710 soil (mg) 2.5 0.5 0.1
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3-3-3 -] B A E BpEF i5% (Phase III)

AMELREN992 L S 2Pt RR ST R EFLE K
3 AR EBRERF L2 - R FF A 14 /) PF o e Table 3-1 #7757 >
Tt R BB IFE ] B AP F B 4 Na,HAsO, - 7H,O ¥2 NIST 2710 soil
BFE R 2 B ik Figure 3-2 (RS ARA 17 0 1FH 5 & G & 5 470 sec”
(500 rpm) > % F]Wt & 1000:1 mL/gm > - % 4p F RS 1] pPFrat £ 3 11
s EIE L EREE- AR B YRR E T AR R R -

3-3-4 # 5-F B0 B2 5% (Phase IV)

AFE Y R PETRH 72 2 20 ICP-MS A 45~ ;2 (NIEA W313.50C) > #: &
BRI RS 045 pm 3B 0 M G R £ R R R
ok 3 pH @< 2> 2 it 5 * B ? - Figure 3-3 5 A5 i& 7 5 B3
WG AT LB AL 20mL & F B AP EE T AN ApL B
C 5045 um ##mFF ~D 5 15mL e d o AFTT A &R EIL
B LR AR A A PR E o L 0 045 um 3SR
i L ARREARE A R VRIS 2 IR FAF RS O
iR E o Tt AT B TR A R o gl
FERA R R OB T R T R PR IR 2 o 3R 0 ik Figure 3-4 3ES AR
Bt #Ed 5 B G @4 470 sec” (500 rpm) » j& Ft 5 1000:1 mL/gm o

|
T B f
A C D
Figure 3-4 & &5 P i > 2 B 47 L B
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3-3-5# 2 i s5g A% (PhaseV)

AT S0 AL RRL DI R ERFRERY KEFIRER A
th v (control sample)2. = {7 R| E o FELIEL FFEFWAE%R 2 0 d
WERKRARRE FEIEE AR 0 P FERERT AEF LAY HIRS
TR E > FREZT I RFERESZEFEE > T3P AT
g ifpiltesl s AR AR e g AR FEHR T B4
EA RS A] PRI R A FARE G o AT S
2Rk Y A F 2 FRIB RS o 50 fRRRD ZZAREE Bl
T FRITAFE ST F o T E45F% 0 M RT ABF 2 % 8 ik
(coefficient of variation, CV) o & {28 £4F /1 FH# % & (4% K NIST
T2 ) R RBF & CV oy 1% 5 3318 3 o = 2 enZ Bon s o § Rl T
R &SR QT FAfrieE gdSE FEAIRSLEREFFE
E AR R FRRSIRER SR -
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34 £ERFLE B H & TETHRACP-MS) 2 477 2
3-4-1 ICP-MS & B &2 3% T ¢

AP 5T TR TR B R R B RS AT 2004 £ o 2 2 R
= 0 4%l NIEA W313.50C @ g B8 & = ’l‘ B2 (Inductively Coupled
Plasma-Mass Spectrometry, ICP-MS) > 12 & 45 Na,HAsO, - 7H,O £ NIST
2170 s0il *t 5 4pfe ] HAp P B2 B ER o 257 7 A7t * ICP-MS &
% A5 5 Perkin-Elmer SCIEX DRC II » H % i%i% {# 4r Table 3-4 #71 o

B AR AT L AAER SRR S E B 1 R BRI
o d MEBRRNTIRESLAET ALK E  FEBREY
ApL L 2w g ,Kf TERRG R B AL 2 pH B L AR
AR EM > TR EREMERM Y o m B GRER 0 FIH AR%R T
BERHIR X RESR @ F 3500 rpm & 7 AL o 2P B LE R S 2
(™ 045 pm F“TER) SHRCBLZFFRHRERIAFT IR A
ﬁ,x@@ﬁ@ﬁaﬂ’u@ﬂ WL BT AL T o S KB
AT R R RERAPIB RS RETZY AT TS
A AT r%sﬁ%ir%év\%‘rlf'i’ﬁ%iﬁ"tﬁ%‘ri °
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Table 3-4 ICP-MS ik B4 iTif 2

ICP-MS Condition

Instrument Perkin-Elmer ELAN DRC II
Torch Normal “short” type
RF power 1050 W
Plasma gas flow 15 L/min
Auxiliary gas flow 0.85 L/min
Nebulizer gas flow 0.75 L/min
Ion lens setting
Bassel box plate -60.62 V
Bassel box lens 398V
Einzel lenses 9.44V
Photon stop lens 9.05V
Sampler orifice diameter Pt, 1.14 mm
Skimmer orifice diameter Pt, 0.89 mm
Mass spectrometer pressure  2.0x10 Torr
Data acquisition
Dwell time 20 ms
Scanning mode peak hopping
Sweeps/reading 250
Reading/replicates 1
Number of replicates 4
Points/spectral peak 3
Resolution high
Peak monitored m/z "As
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3-4-2 £ £ R 2 B E H)

AP RFTREFRBTOL R BNASCRERDLTRE
R L~ 22 RHESR s B R4 A AT
1. # & % (Calibration curve)® & :

BEARWUE > GURPRERTI T B wERBEER N R
MRS ERE AR OMN G FUPMARERT XM Gl ki
RAPM GEcE <A E0995 AT R H LR R (Merk) 0 R A E
1000 ppm ¥ - #£EZ %> kAfRUKEREEERE L 5+25-50~100 -
200 ~ 400 pg/L o & Ez&A 2 4k & R4cFigure 3-5477 » Hamp > el Sy
=2289.8x+ 1131.4 > R*%5.0.9999 » # & = ;# = (.9952_ 4. %_o

1000000

900000 -
y=2289.8x+11314

800000 |- 5
R =0.9999

300000
200000
100000

0

0 50 100 150 200 250 300 350 400 450
As conc. (ug /L)

Figure 3-5 7 2_& ¥ %[
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2. kRBP4 (Instrument detection limit, IDL) :

Pozu AR HRERR B RIERRE £ RiRIT (S
PHRER R BREHRESERE O HEARATOEZREL R

2.3 % 5 ICP-MS2 & B # /4% » ~42 7 IDL 5 0.02 pg/L -
3. %2 i p4&*Y (Method detection limit, MDL) :
FAFZFRFEFS A d HiplE B TH0E 2 EER

B/ AL 2 3B 3 RR > A8 7 MDL 091 pg/L -
4. &5 B

AFTTEFEZEEEAIAL G CRERNATBZRAIT FA T A
o EHREAST R REA TR ﬁr’r//J e YT BRI 2B A
W E 2 A F B2 F P8 4o Table 3-5 #71 o

Table 3-5 ##7 3 ICP-MS &1 & #| A& %2259 p g v £

kM- RN B4 A FRE
BEREPIA R AT ¥z & 90-110% 91-109 %
Bw e A4 kB <2xMDL ND.
AR TR S A T LR F A E10% 0.33-1.34 %
R S e 80-120% 94-104 %
S e A 4T ¥z 5 80-120% 95-107%

ND.= non-detected (MDL=0.91 pg/L)

d Table3-5 7 &> A2 B ERAPLZRAFTFILF 5 91-109 %
BA Y ATERSKA 2 Ba MDL; £AFH SA 194 E A4 5
0.33-1.34 % & &A1 ¥ o 5 94-104 % % S 4o 5 5 95-107
Yoo R PELH LT EAIED ZFRIERY 2P EZREINRE -
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3-5 B TR S04
rEF ;L%—”Lrp | B By 7 oF % @ * Microsoft Office Excel 2003 A 32
ZFGTS 0 B 0 SPSS 12.0 5K Bt 2 47 £ SR (T A 47 o A B F ¥ A
AR E R Ul e (o2 b eI NPAR U L
U e
® Phasel % 2Z#H 5 B 55 -
3+ 5 Na,HAsO,4 - 7TH,O £2 NIST 2170 soil % 4p¥2 -] % 4p2 kB & >
AU R E3E ABF 22 RBF- £ 4 %4 71 & #3554 i 49
B Ape A ABF T30E - % % (SD)% % & i (CV) -
® Phase Il ;& FH v 3E5% -
2+ 5 Na,HAsO, - 7TH,O £2 NIST 2170 soil % #p¥2 -] % 4p2_ kB & »
A% kR EE ABF 2 RBF £ 4 5 & 77 & 2p B 4§ 4p
% 4p ¢ & ABF T 39@E ~ R X (SD)% % & (iidic (CV) -
® Phase III | %5 4p 5 B~ 388
3+ & Na,HAsO, - 7H,O 2 NIST 2170 soil 5 4p -] % 4p2 JE B & -
TP E o pApe BEER TioE B L (SD)ZAPHEL - 7 &
/| 55 Ap 3B~ pE A A ]2 Na,HAsQ, + 7H,0 £2 NIST 2170 soil 2. &,
FOER BN GE > E ] S AR R AMER BT
® Phase [V # 53 B~ 0 B 285 ¢
2+ & Na,HAsO, - 7H,0 22 NIST 2170 soil 3 4p2 ] % 4p2 k& &
EAWAT L EEZPR W IL AT PE ] SApY TEER ~ RE
ES
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2. AR

® H ¥ A7
R F % 4 Na,HAsO, - 7H,0 % 492 % 4pz ABF # RBF > i &
RO S H eI E R R IR ED  F PR IR E R A K
P15 W2 HAE (outlier)s o o 3 ARHHE Ad 'L F B
oA Bt 22 Kruskal-Wallis test (u-X = “H 7|3 £ % g R
B 5)ie 7 53t A 45 - NIST 2170 soil 7% 4o gt o 12 bt i NayHAsO, -
7H,O #2 NIST 2170 soil 2 § 4p e % 48 £-95% 2 # % B (95% CI)
T 2%k S8z ABFERBFF 2 ¥ AR o

® jpRfd e 4T
2 3 4 47 Na,HAsO, - 7TH,O & NIST 2170 soil 2 ABF > 5 %
P A RR ST AR EREFRE (GES 04470
1006 sec) 12 2 ;% F4t (2001 ~ 1000:1 ~ 5000:1 mL/gm) =
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Fr BREHEG
4-1 ¥Fd 5% B #% (Phasel)
AETVRAZFEARERBARE (G EL 0470~ 1006 sec)pE -
Na,HAsO, - 7H,0 * NIST 2710 soil & 64 &4 2 3 $ »ct 2 85 458« Figure

4-1 5 &5 ApE LAY > 7 i R R E NayHAsO, - 7TH,0 12 2 NIST
2710 soil z_ # ABF B 4B > /€87 ¥ & 5 & 0L 0P @

120 El Gastric B Intestinal

Ma;HaAzD, « THLO BIET 2710 s01l

1

s0 |
P
-
R
é 60
()]
4
40

a0t

0 70 1006 0 471 1006

veloctty gradient (G3) (secy
Figure 4-1 i# & # B ¥ Na,HAsO,4 - 7TH,O % NIST 2710 soil # ABF i % [

(1) 7 Na,HAsO, - TH,O 284 : 3 4p¢ » % G & % 0~ 470 ~ 1006 sec”
pF o> k0 ABF T35 248 1 2wl L 86110 % ~ 8245 % ~ 9117 % - %
Gd 02 % 470 sec” pF># ABF ™ * 4%; ¥ Gd 470 2 3 1006 sec™
pF o F0 ABF 34 9% > Bgor G ied 470 2 2 1006 sec™! pEF ABF 5
BitoABE o ol BAp? 0 % G 5 0470~ 1006 sec” ¥ > B ABF T
PR EERE L S u G 8619 %8517 % 9443 % - 5 G4 02 I 470
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sec'pF o B ABF T 1% ; ¥ Gd 470 2 2 1006 sec’ % » 7 ABF
B4 11% > & G Ed 470 2 1 1006 sec” FF#? ABF § 3 4c B4t o
d T A% A AR 0 % Gied 470 2 2 1006 sec” > A
ABF 7 #f4cA8%t > 8- hd pE @ &5 B [ 54pr o
% Giad 470 2 3 1006 sec” PF¥tA» ABF #2873 ~ > ¢ 57 BApM
(R=0.61 vs. 0.69) ° * & ipk h G & (470 £2 1006 sec™)® > | % 4p i
§Ap 00T 5 B R ABF W 3 4 3% o
(2) - NIST2710so0il 384 : 5487 > % G % 0470 ~ 1006 sec” p& » 7
ABF T 308 g2 408 5 /v v 4 2249 % ~ 2842 % 3146 % 5 G d 0
2 5 470 sec” P A ABF 3 4 6% % G /£.470 2 T 1006 sec” & >
7 ABF 3 4v 3% > 87 4 G EAx~ > ABF 7 3 4cdf$ ~ - &)
BP0 ¥ G5 0470~ 1006 sec’ FF » 4 ABF T 32 (g g7 4208 1 A
Bl 4 2545 %2443 %2643 %> A7 % Gd 02 3 470 sec” pF o A
ABF &7 5% 1 %; % G j£.470 2 3 1006 sec” P¥ » # ABF 3 c 2 % >
BT e e g s se B ABF 22887 % o d )0 ¥ av s A% 4pfo)
SAR P 0 F e iFdeap & % NIST 2710 soil 2 ABF 23 3 4e a4 e 2
M X ig- Hd ApMEA T E a3 < (R=0.52vs. 0.14) o *
ARl ch G & (470 22 1006 sec’)® » 5 ARdC] B AR T 4 BB R
ABF -

Table 4-1 & +“ #& Na,HAsO, - 7H,O 2 NIST 2710 soil & f& & & » 77
BB AR 0 Z 467 e dEEe 5 B s ABF st 4 0 & NapHAsO, -
THYO 384 » 2 e pH 42 5 4pt pHR B 2 %4> 3 G B4
ABF 725 ¥ L2 (pvalue=0.21vs. 0.10) ¥ ¥F# 3 & 4%~ » 7 ABF
4%% 5 & NIST2710s0il 284 > 2 = G &% 5 4p2 -] % 4p ¢ & ABF & ;2
3 REFMHALR (pvalue=0.54 vs. 0.72) > 858 5 R A%~ > & ABF 3 +c 484"
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Table 4-1 7 e i & #- & (G)FF A" ABF St3t vt i &

Na,HAsO, - 7H,O NIST 2710 soil
Gastric>  Intestinal’ Gastric>  Intestinal’
G=0 (n=5)
ABF' (%) 85.6 85.5 21.9 24.6
CV (%) 12.5 10.8 41.4 19.1
G=470 (n=5)
ABF' (%) 81.8 84.8 28.4 23.9
CV (%) 6.7 8.6 5.7 14.3
G=1006 (n=5)
ABF! (%) 90.5 94.8 30.8 25.8
CV (%) 7.9 3.6 21.1 12.1
p value 0.21 0.10 0.54 0.72
!"Values reported are mean for five replicate samples (n=5) at different pa-
rameter.
? Testing condition: 37 °C, pH 1.8+0.1, L/S=1000:1 mL/gm and reaction time
for 1 hr.

3 Testing condition: pH 7.040.1 and reaction time for 1 hr.

F % of i Tabled-2 5 =87 F G £ NIST2710 2 # RBF 3+t fi
2> i 4p? > P RBF 4 % 5 256% ~347% ~34.0%; t ] %547 >

# RBF 4 %] 5 28.8% ~282 % ~26.9% o ¥ % # % pH # <2 % 4p & pH
BE2%4p 0 2 GEHMRBF v a4 28 > ¥ 5 4 RBF 355 *t

‘| % 4P RBF -

Table 4-2 7% I i# & - & (G)PF NIST 2710 soil # RBF vt it i £
Mixing Intensity (sec™)

0 470 1006 p value
RBFg' (%) 25.6 34.7 34.0 0.054
RBF;* (%) 28.8 28.3 27.3 0.607

' RBE = relative arsenic bioavailability factor at the gastric phase= ABF nist2710
soil / ABFNa2nas04 - 7H20. Values reported are mean for five replicate samples
(n=5) at different parameter.

> RBF = relative arsenic bioavailability factor at the intestinal phase= ABF nst
2710 soil / ABFna21As04 - 7H20. Values reported are mean for five replicate samples
(n=5) at different parameter.
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AFETREZAAFERBRE (GES 0470~ 1006 sec)iEksk o 57
LT RSP ¥ NayHASO, - THO @ % > i 4 ] %3¢ » G
@A%B > M ABF T8 > H¥ it R F1 L MERANATER X (546
gm/100mL at 0C) 2 & R # i » 7 o i pH <2 § 4p & pH 8B 2 /]
wAn o WER R R AR > AR AL > A ABF & G & 1006 sec” 4 >
i AR B 2 FEARB R M ABF ¥ 2R
248 > 457 GEYH ABF 2873 + « ¢ NIST2710s0il @ % > &% 48
%

Al PR 3
E Z
P FpHRMK » ¢ 3R %MW

@ & G E¥ ABF 2588 > & %4p¥ o
FlpH$ B » ¢ A %F > 2 233> 7 @ GEH ABF G 5> i
B VEIR S A i AP AR 0 7 B R B R ¥4 ABF &2 RBF
Y EBEENLIR AT GENT 2 - BEE PP Ko

b gl b 2% m 1 ¢ (Ruby etal., 1996; Rogriguze et al., 1999;

Casteel et al., 2001, 2003; Kim et al., 2002; » 2005; Wang et al., 2006;
Pouschat et al., 2006, Juhasz et al., 2007b)> *#= 7 { NIST 2710 soil 2. # #
,}‘n’ﬁ iio}“i.f«i’?‘)g%ﬂ FHE2Z TR L - R S5% 0 A

ERRRIER L o4 P B R TS 100 % A T g Rl €

FlhiG &a oA L FAFPT 2T F GE? - 4pA RBF (26
% ~ 35 % ~ 34 %)¥a+ ] %5 Ap k4 RBF (29 % ~ 28 % ~ 27 %) o * i ig 5 4~
@ s RBF = /F*J%’if & 1 42 % (Rogriguze et al., 1999; Casteel et al., 2001;
Kelly et al., 2002; Juhasz et al., 2007a) » % 7= & #= FFERE PR i v 5 -
Faf s ARRE P BB B AT (Feh o

¥ AT R % 2 NapHAsO, - TH)O s SRM » fi?‘)]?%t‘ AR

3% 2 Na,HAsO, - 7TH,O 2. # ABF» &2 % < FJ% (Davls et al., 1992; Ruby et

al., 1996)11 2 m HF 3 (5% 0 2005)F FP o Fltjp T2 /F*J%’iﬁ bR

4 R e Table 4-3 #777 o & & § F ABF $51$37 % it Ruby etal. (1996)
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Table 4-3 % 47 3 Na,HAsO, - 7TH,0 £ % fik 4 #c & & # ABF * 4

Davls et al. Ruby etal. 9% ‘
(1992) (1996) (2005) AR
ST Wrist-action & Ji 70u1n o B4 I e =
shake AR F 500 rpm 500 rpm
7% F] ' (mL/gm) 14:1 100:1 1000:1 1000:1
pH &
7oA 1.3 1.3 1.8 1.8
‘| %5 4B 7.0 7.0 5.5 7.0
ABF (%)
7oA - 103 102 82
‘| %5 4B 73 96 99 85
VAN CRIbE: GFAAS ICP-AES ICP-AES ICP-MS

g25 (2005)2 & % > Davls et al. (1992) [ % 4p = e i 13454 ¢ &7 o
AFT 7 % 4pF ABF 4+t Rubyetal. (1996): ¥ it & #] 5 % 5 49 pH (&7
WAy 3 e pH & 18 fpfat 2 pepH € 1.3 % > B2t * R - o
i & pH E#F T > Na,HAsOy - 7H,O #2735 i3 fatain ? > ¥ 5% 5
i E Boon s 8- 5 7 K _Ruby et al. (1996)£23& (2005)+ s 31 > 2 58
B ABF 2. 5 Boocd o 2 pH 8 8RR B £ o L Apmtn Ty (5 o
2005)* 40l S BIEE T 0 AT 2 EBorF a0 ¥ 0 R F]
P REAATEREIR o AL A4 ICP-MS & 47 0 B - o
ICP-AES & # % #x 8 RIERAPRGRIEFEALA % > d LR PFFR
Em R As FRP2 2R RAM M PR FRR . £ F AR
Davls et al. (1992)F 5 » ##% 3 ABF $ 32 frii » ¥ it R F 3 287 § 1
* oA PR }}% i * Wrist-action shake $ % i€ & BH P 3 g = 2R
L3 > @ NapyHAs Oy - TH,O L % 5 335030 Y » 2 AT R FW R
v}}%uﬁr’g » Hamel et al. (1998)F 7 * & % » 3 & B 7 3 # 3 2 ABF -

FAN N TRATAPEBLFE 0 Y RFTR- BT o
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4-2 & F ' F% (PhaseII)

AR M7 e E (200:1 ~ 1000:1 ~ 5000:1 mL/gm)pE
Na,HAsO, - 7H,0 # NIST 2710 soil @ fé & &%+ 2 3 »xit2 § 5- Figure
42 4p 2% E L% 4p ¢ > 2 kiR F (Liquid to Solid ratio, L/S)#!
Na,HAsO, - 7TH,O % NIST 2710 soil 2. # ABF i 4B > Bl ® ¥ & 5 & R

AL

E Gastrie E Intestinal
MNaHaAsQy - THaO HIST 2710 =201l

< >+
100

) s R
s

i

3

As ABF (%)
o
=

40

e

2[] i nal

o

200:1 | 1000:1 | 50001 200:1 | 1000:1 | S000:1
Liquid to Solid Ratio (mL/gm)
Figure 4-2 % ¥+ &2 Nay,HAsO,4 - 7TH,O % NIST 2710 soil # ABF i i B

(1) - Na,HAsO, - 7TH,O 384 @ 5 49 ¢ > ¥ L/S % 200:1 ~ 1000:1 ~ 5000:1
mL/gm p¥ > 7 ABF T 32@ 2R 8 £ & %W 5 9617 % ~ 8748 % ~ 101+
2% 4 L/Sd 200:1 = % 1000:1 p% » # ABF ™ "% 9% ; % L/S j%_
1000:1 < = 5000:1 F& » # ABF 3 14 % » &1 % % B¢ & 1000:1 =
3 5000:1 o4 ABF 3 scAB % g Bgo o] %40 ¢ 2% L/S 5 200:1-
1000:1 ~ 5000:1 mL/gm P¥ » # ABF T 3o(g 27438 ¥ A w] % 8545 % ~
8618 % ~ 9343 % > Aot § & T+t £ 1000:1 2 % 5000:1 pF > #4 ABF
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i‘é{%v%&%‘tmﬂ? Bpod p¥ A AF ARl HART o F iR FE 1000
% 5000 mL/gm » 7 ABF 3 3 4c A%\ > i&— 5 d 4p BE 2 A 45 18 4
AN AR B o F R FEYd 1000 2 2 5000 mL/gm PF¥HFY ABF
FE2 S v 5 RAPM (R=046vs.0.64) o £ ¥ » v i fpgr]
%ip# ABF tedp i B @ 0 5 4p# ABF >/ % 4p o
(2) “ NIST2710s0il 3% 4 : % 4p ¢ » % L/S 4 200:1+1000:1~5000:1 mL/gm
P f ABF T30@ 7R X 4 w5 2841 % ~ 2941 % ~ 3021 % » &
TR R FV AR > B ABF B 4cABE 2 P AR S Aol Apd o F LS ;
200:1 ~ 1000:1 ~ 5000:1 mL/gm P& » # ABF T 35iE 22 4E 8 X 4 w] 4
2143 % ~ 2443 % ~ 2742 % > BT § i B AR % > B4 ABF iR 13 4o
ABE o2 Hd AMPAITET AT AR BART 0 R iR F
pE4tF ABF 7 < 0 B9 RAPM (R=0.59vs.0.68) « £ & »
iARE | B4R ABF fiple iR B P o 5 gkt ABF % 3t B 4p o
Table 4-4 % ** & Nay;HAsO, - 7H,O % NIST 2710 soil & &1 &5 » %3
Bl Ap Y 2 fA 7 e iR B A0 ABF St i 0 A NapyHAsO, - 7H,0
A A pH K2 % Apr pH#®R B 2 540 0 7 Fo ik Bt $# ABF
Y REFMLE (pvalue=0.07 v.s. 0.06) o & NIST 2710 soil %4 » § 4p ¢
PR Fv 4R ABF i 7 B2 ¥ 1L 2 (pvalue=0.06); & %47 %
e E 4R ABF § BEE A B (p value=0.02) 5 T4 F] 5 o P B 4p A
e BV 4 As 22 ABF B2 50+ > T A (7 - PR YN RS PF 0 R F
WERB PN EIEFBR TERES S BERGF o L —‘5 » Table 4-5 % 7 ¢ % F
@ NIST 2710 z #% RBF %zt g do o A% 4p @ 4 RBF 4 %] 5 28.7 %~
33.0% 298 %> t-] % 4p® » " RBF 4 %] 5 24.6% ~28.4 % ~29.4% >
T wmpH iz § Ap pHRB 2] %4003 ik FHy $4 RBF ¥ &
BEP LR (pvalue=0.053 v.s. 0.203)7 ¢t “t 5 4p RBF ¥ % /] % 4p RBFe
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Table 4-4 7 I ;% B (L/S)PEAH ABF %u3* 1t i

Na,HAsO, - 7H,O NIST 2710 soil
Gastric®  Intestinal’ Gastric®  Intestinal®
L/S=200:1 (n=5)
ABF' (%) 96.4 85.1 27.5 21.1
CV (%) 7.4 59 4.5 8.1
L/S =1000:1 (n=5)
ABF' (%) 87.2 85.8 28.6 24.4
CV (%) 9.1 8.9 4.2 12.2
L/S =5000:1 (n=5)
ABF' (%) 101.0 93.2 30.1 27.4
CV (%) 2.2 S 4.5 7.2
p value 0.07 0.06 0.06 0.02*

!'Values reported are mean for five replicate samples (n=5) at different parameter.
? Testing condition: 37 °C, pH 1.8+0.1, G= 470 sec™' and reaction time for 1 hr.
3 Testing condition: pH 7.040.1 and reaction time for 1 hr.

Table 4-5 # Jp i B+t (L/S)p¥ NIST 2710 soil & RBF 3% fi 4
Liquid to Solid Ratio (mL/gm)

200:1 1000:1 5000:1 p value
RBF¢' (%) 28.7 33.0 29.8 0.053
RBF* (%) 24.6 28.4 29.4 0.203

! RBFg= relative arsenic bioavailability factor at the gastric phase= ABF nist 2710

soil / ABFNa2naso4-7m0. Values reported are mean for five replicate samples (n=5)
at different parameter.

2 RBF=relative arsenic bioavailability factor at the intestinal phase= ABF nist2710

soil / ABFNa2nas04 - 720. Values reported are mean for five replicate samples (n=5)
at different parameter.

A FRE 3MAEF i E (200:1 ~ 1000:1 ~ 5000:1 mL/gm)iEs

FETEREHER > $ NayHASO, - THO @ 5 > 8 Ap2 [ 4p7 > %
T A% A ABF 027 $2B 0 & B E R EL 5000:1 mL/gm o e A st %
B AR 2 R EV A ABF & RBF # i1 7 EFH AR 8T 7 F iR

F 4R ABF $587 4 > 7 it B T 5 BN A AR+ (5.46 gm/100mL at
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0°C)2 & AR > 7 3% & pH #K 3 4p & pH #F /| % 4p > it B 5440
24 g ot - %t NIST2710s0il @ 5 > &3 49 ¢ > 2 By 4% 3
FOOABFARR » B3 P R BFMAR R A HApY o RELARG M
ABF + a4 » 3 S ¥ P L8 > 7 i RF S ApH 2§ 4p
HEEMN O BERES > RIRF T A ABF B Rl B A
o FIpH ERF > ¢ HAEARS CBRRR A 2 LB R EHE
ABF .} #2455 & &7 gt ¢ | % 4p & RBF 5 NIST 2710 soil #2 SRM

=%
N

‘rﬂ
N

m

2 ABF #pi1 12 » LG BEEFMAR 5 4 7 5o NIST 2710 soil &7
FMLER P TR R0 A e AR I HE FERA- FFET A
PE o RE TG E - BE R SEIED o R D PR R
P Bl SRR EVER D O RMEEL G EY E R Y R
150 iE 45 H RBF B < 2 B o

pLrh s A 2% 7 P (Ruby et al., 1996; Rogriguze et al., 1999;
Casteel et al., 2001, 2003; Kim et al., 2002; % > 2005; Wang et al., 2006;
Pouschat et al., 2006; Juhasz et al., 2007b) > ~#* 7 NIST 2710 soil z_# 4 1~
FooREE Y RS 2055 % A BB R RIEG L 0 @ % 3 g it
FRIED 2% 100%FFHERGEFR G FEFTERI I €50

B & o -E'f;]‘ﬂ\lﬂ’“ B ek ¢ > 5 4pa RBF &2 ABF ¥ #i] %5 4p

-Ehl'

e 8 4 F % RBF < }gkﬁﬁ 3% B 42% (Rogriguze et al., 1999; Casteel
et al., 2001; Kelly et al., 2002; Juhasz et al., 2007a) > % -7 % #-= FF B 48 *F &
Bt - R AN RREELT T

R oo if2 3 PR ERAT P 0 X S MR E (10:1-150:1
mL/gm )> PBET £ SBET 4% ¢} z#5% 2 # * 100:1 mL/gm # % (Rubyetal.,
1996; Kim et al., 2002; Lee et al., 2006; Wang et al., 2006; Juasz et al., 2007b;
Bruce et al., 2007)> @ IVG %8 *t &% 2@ * 150:1 mL/gm $#& % (Rodriguze
et al., 1999; Pouchat et al., 2006) » & Hamel et al. (1998)4F 24 &% 48 ¢ % I
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i By d= B (100:1 ~ 200:1 ~ 500:1 ~ 1000:1 ~ 2000:1 £ 5000:1 mL/gm) %+
4253 o2 B Ra APy Ewm ¥ g P iRy Hamel et al. (1998)%
LR FFFY EP3 T R F R FFRT - Figure 4-3 & QJE%PE’ ~F
TE ST P 5 NIST 2710 s0il 5 7 F i Bt 5 AnF ABF 2 1t ) o

§3o S S N
SL0IN TN IS

200 1000 5000
e Fve (ml/gm)

Figure 4-3 NIST 2710 soil ** 7 ;% B+ 5 4p & ABF 2+ fi [§]

J€_Figure 4-3 ¢ ¥ # I > A8 5 % w ¥ 3 NIST 2710 soil 2. 5 fp 4
ABF fa i3t o b i Bt ? % MOT S B BT A AT 2 A
EER ) N B R AT RRE 0 TR B SRR ARG
PR AR Flt AT T - L R E R Sk Sl A BFH 2 3N

%/I ﬁ?—% AN #BPH IE’ ‘#EWLLéﬁﬁﬁi’ﬁrTable46”’T’r y LL_ﬁ 2”'@

TFER T B EFEF s AP pH B 2 5 > d 2t Hemal et al. (1998)
Fp oY AP G Ap pH B Ft & E = £ F % pH B 5 e & Fillckson

etal. (2001 5 # > 4 & * NIST 2710 soil i& (748 7t ;2% 5 > % pH &
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Table 4-6 NIST 2710 soil >+ % [ §8 *F :85% 7 4p S ¥ e 4

Hamel et al. (1998) & (2005) L)

3 S\ Wrist-action shake AP = B4
R o A

NaCl 0.13 M 0.15M 0.15M

pepsin 12.8 mg/L 12.5 mg/L 12.5 mg/L
pH &

i AP - 1.8 1.8
#3F 2 1 1

M3 14 PR ABF 3 1 69 % T EY BiREY 5 2000:1

mL/gm » F]pt# ABF # a¢ ¢ X pH B#7 @5 o Ra otz 51 o é;gk@‘_

BRAFT SFRELF ERG 2 @;I;Je?gmbaﬂtbi%qukp;g ABF
[

Fov R 2 dm B T A
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4-3 -] % 4p Z B~pF R iE5% (Phase I1I)

AT R B EBPERY 1P E T 1) B E R L) PR R
- = & 11 8> 4 %] 4 45 Na,HAsO, - 7H,O 2 NIST 2710 soil = f& 1% &2
BRERARFF > TR 1B )RR AR S 2-11 ) TSP HE

J&_Figure 4-4 ¥ &> & Nap,AsOy - THO 384 » % 2 | FFAp st % 1
BolpmRemERF PETE8mg/LARY > &% 2B [ F EF Y
EPPEFRFH S BAERRHFR TG S 2L B & NIST2710
soil 84 » & 2 B ] AR S 1 B | PFEBAMER 3 T ' 0.02mg/L 4%
o eF 2B MR EFIHAAIEERR S RPERFH R

220 : 704

X —= NaHAsO,4 - 7TH,OH —— NIST 2710 soil

1
S200 N i Q
?D \/\W Y
£ ! g
3180 - 1038
s ! S
] ] @
<160 | ! =
2 : 3
T ! —
~ : —
L140 ! 1028
2 l E

1
élZO : g
< |
Z ]

|

100 | | | | | | | | | 0.1
1 2 3 4 5 6 7 8 9 10 11

Intestinal phase extraction time (hr)

Figure 4-4 | % 4p 1-11 |- P55 B~ 1 27 50,00 3k & M 1% )

J€_Table 4-7 7 4> f NapAsO, - TH0 284 » 5 1 -] prp ik & 5 196
a1 TR HEL 5 2.7 %
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Table 4-7 | %5 4p>* % I pH EPF 5 P-PF R &2 B E R R

*# 7 (pH 7.0) W g5 ° (pH 5.5)

NayAsO4 - 7H,O  NIST 2710 soil NayAsOy4 - 7TH,O  NIST 2710 soil

As conc. (mg/L)

1 hr 196 0.15 253 0.19
2-11 hr' 191 0.14 259 0.20
relative error® (%) 2.7 8.6 23 4.7

! Values reported are mean from 2 to 11 intestinal extractable hours

2 relative error (%)=(| (Ci-C))| /C)*x100 %, C,= As conc. at first hour; C;= As conc. at i hour, i=
2-10.

3 Values are reported from chang, 2005.

A NIST 2710 soil #%4 » &% 1/} kR 2 0.15mg/L > @ % 2-11 |
PFTEkR G 0.14mg/Ly % 2-11 - PR ERAPE S 1| B/ 2 T35
AAHEEL 5 8.6% ° d 5% F & NayAsO, - 7H,O £ NIST 2710 soil -+
ALY R 0% o RS E R T (58 0 2005)4p 2 o AR L
Table 4-7 7» ¥ g > w3 (55 > 2005)2. BB E R 5 b A5 7 ek
B® o MR SBAp AR T W 5 Ap pH EF oo W HPFTF 0] AP
pHES 55 23 5 pHES 7.0 EM7F o A7 B LR RM2Z
i R FX pH B8 2 }g’%“ #Z2 pHARM » B ER &4 F g 22l
4% % (Rubyetal., 1999) -

FEITHERER S REFEEEFRERY > U] FL ) SEERER
@?é%&ﬁ@’?a;%ﬁv%ﬂ%?%%WPﬁﬁﬁlﬂ”‘%w
PR AR lhr 5 3 (Rogriguze et al., 1999; Schroder et al., 2004;
Pouschat et al., 2006; Bruce et al., 2007) > = # £~ 3 (5& > 2005)-| #5 4p 3 B~
R 2 1 FIR AT RERSAPE BRER L 1 FAF (70
NIRRT
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4-4 R 5F PR kJILFH% (Phase IV)

AR T IR £ R W S 8 AJE 2 23 NayHAsO, - 7TH,0
22 NIST 2710 soil z_ %5k B 8258 o j&_Table 4-8 % I 3 P~j% % 2 ¥4 44,
BT 3Dk R B AT Ao e LR T ARIL S 5N 0 AR A2 i
JE & > NayHAsOy4 - TH,0 4 % 5 189.6 ~ 127.4 mg/L ; NIST 2710 soil 4 %]
% 0.14-0.07mg/L - @i (733 AIL > N 0 AP B Ap 2 BAEER
Na,HAsO, - 7TH,O 4 %] 5 190.2 ~136.5 mg/L ; NIST 2710 soil 4 %] 5 0.20
0.08 mg/L » o g% ¥ v @38 T 7 AT 0 WA R R BERRAE G | 1B
B 0 23 95%CI T 5§ % 4p2 Na,HAsO, - 7H,0 ¥ NIST 2710 soil %
EEFHIE (p=0.22 vs. 0.06; p=0.15 vs. 0.06) » 2 7 }* & fE 2 > 3\
¥ Na,HAsO, - 7H,O £ NIST 2710 soil 2. 2 F kB #2587 + o

Table 4-8 7 I % B~ o0 i J2 o 3840 T 300k R 3030 &

Na,HAsO, - 7H,0 NIST 2710 soil
Gastric®  Intestinal® Gastric®  Intestinal®
Centrifuged and filtered' (n=5)
As conc.” (mg/L) 189.6 127.4 0.14 0.07
CV (%) 0.42 3.41 1.33 8.30
Centrifuged (n=5)
As conc.” (mg/L) 190.2 132.5 0.20 0.08
CV (%) 0.22 2.47 0.98 7.21
p value 0.22 0.06 0.15 0.06

' Samples are filtered through a 0.45 pm filter.

? Values reported are mean for five replicate samples (n=>5) at different parameter.

3 Testing condition: 37 °C, pH 1.8+0.1, L/S=1000:1 mL/gm, G= 470 sec 'and reaction time for 1
hr.

* Testing condition: pH 7.010.1 and reaction time for 1 hr.

SR PR Rk 2 2 > 4o PBET %8 ¢h 3% ~ IVG 8 7F 2% 22 SBET
B REHRE S D IVG B E% D 2 F PR R B N
(Rodriguze et al., 1999; Schroder et al., 2004; 3% > 2005; Pouschat et al.,
2006)> m PBET £ SBET #4 ¢} 3% = /% (Ruby etal., 1993; 1996; Kim et al .,
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2002; Lee €t al., 2006; Wang et al., 2006; Bruce et al., 2007; Jahasz et al.
2007ab) > 7 FRP-Apro & g2 H - ST N HAT SR A R
A EARR 0 RA L ?/I?Lér* Prifewn dZ > ViR TR 0 Fl AR
TRZVREMIPBERTEIRR D AIL DN LAR -

Rfp AT RRGF T o0 ¥ AilpERY  ZPRPAREFE€IEE
WAL 0 B HRRIE € E B F A JIFE 0 Flt o AR R A
iﬁw**%A@w@éfﬁﬁv“’H@ﬂﬁﬁﬁﬁo

£ AT RAB YA (3 0 2005)* Na,HAsO, - 7TH,O £ NIST

%
4

2710 soil 2. § 4B F PR w T S R BELC L g 0 RPER G A
T T ARIE G N2 MMER S (B4 2. As ER G 245.6 mg/L;
NIST2710 2. As k& 5 02mg/l)>» ¥ i RF|4 @# * A5 REH > A
T * ICP-MS 2 m i #7 7 # * ICP-AES #3537 % » 17384 (&rﬁr
BRERS SN SE¥E- Hmnd h 5o
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4-5 22 5¢ A% (PhaseV)

— A B R R RHRT LT AN B FEREE RS
T TRl (5k 0 2005) 0 EiRERLE L Kb RE% S 2 Y 0 Hke }}?ﬂl AP
LAEE IR SR SR 0 WG 30 v e AR 2 (NIST soil)ig 7 5
B 41 (5 > 2005; Pouschat et al., 2006; Wang et al., 2006; Juhasz et al.,
2007b) > AfEE F3ES G > % F i % NIST 2710 2 2711 & 28 F 3 & {770
#oom P4 pkR g (Na,HAsO, - THO) S » ¥ 4148 & » 2 #f% RBF -
Lo ped @AR 2 AR 23 ABF > 3 @AM RBF & ASF 2 B4 o
ABF > w235 2 PR %> 2 2 5 PaeF L B o

FAFPL G5 E (2002)F w7 (35 0 2005)2 2 2k S &g
A e RFA T FAl 0 F U RRERY FHLFELSL 0 &
B SE F] 5 1 F A ELgh &2 NIST 2710 soil 3% 5 1R 28 % &2, 5 B2 o &
AR RREE TR AR 2 H AR L 448 4o Table
4-9 #rar 0 A 20 B Al M B3 M RAHE EA RS FIERE S
¥ LR P A~ (relative percent difference, RPD)* 410 % ; A s 4ph 15 2% &
F2ERE 0 3 4p ABFG 5 9048 % » | %40 ABF; 5 905 % 5 /1 Fik % 3
#liERE > § 4p RBFg 7 35£2 % » -] %5 4p RBF; = 30+£3 % o

Table4-9 A F7 3 RE*P Fok 2 R F 4158 7 & 5 417 %

iR AIAE

EE EL R R <2MDL
AR E +10 % RPD'
o B A AR

ABFg (n=10) 90 = 8 %

ABF; (n=10) 90 + 5 %
AR )

RBFg (n=10) 35+2%

RBF; (n=10) 30+3 %

MDL(method detection limit)= 0.91 ppb
"Ip$F LB A v 4L 5 RPD (relative percent difference)
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Table 4-10 1+ k7 § 3687 2 k¥ 50 % $1 A 08

At
‘ g Kellyetal. Hamel etal. Pouschat et al.

AR an H iy

R AL (2002) (1998) (2006)

R R <2 MDL <MDL <5 pug/L
A& E4 tl0%RPD  £10%RPD  +20% RPD

R L 4h R OE 41
ABFg 90 £ 8 % 100 £ 6 % - - -
ABF,; 90+5 % 100+£2 % - - -
R 4
RBF; 35+£2% 40+ 10 % 56 % 48 % 28 %
RBF; 30£3% 36 10% - - 26 %

Table 4-10 Z " WA 7T EHE = }}%v‘ R AL E R R
RAEgEHEP AR > R R g AEER D o AP RPN E
THRRY IR REAITAEAFIERSE T EE > ERIEHRSY As
Z2RRAGM O AN EA L EF AR L AT I AET Z£10%
RPD - % 5% T fe T2 % o ¥ APt 3 8 2 pe 4R £ 4R 2 2 ABF
AR L AP 2 ABF > & R AR E 2 S TR 4]0 T R R
WA sk 22 5B LR o

i Kelly etal. (2002)#= % ¢ » ¥ 4178 B 5 544> 4 4| = Reagent blank
Bottle blank ~ Blank spike ~ Duplicate ¥2 SRM (NIST 2711) » ## 37 A& {7
Bottle blank ¥ Blank spike ¥ % NISTsoil & * + » % fr» A8 3 i€ * NIST
2710 » 2 > B LR (626 + 38 mg/kg) NIST 2711 (105 + 8 mg/ke) % ° #X
A il de(spike) k&g A1 0 AT Y R SRF R T Zﬁ’}fﬂ Sk % (ma-
trix spike sample)i& {7 ¢ 4] > AP w iy o ¥ iR A% B Kelly et al.
(2002) % Bicte - @Az 0 F 411 o Kelly et al. (2002)iz &A% 5} *0 5
ng/L Ap gt 2 3 o] 2 % MDL (091 ug/L)# it o €47 &g )
4 > Kelly et al. (2002)2& 2% 78 # 5 +20 % RPD 4p > 2% 3 5 +10 % RPD
SO R ¥ AR 4 3 F 4] ) o Kelly etal. (2002) 4 B0k & (0.59+0.09
mg/L)% 7 & AF7 3 # L RBF & 77§ it &A™ 5 F RS S
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FAFPY 28— HiF3d 7 PR Es 2 8 1 3 RBF 55205 > R
;Qv‘)]%v’ B4k ABF % 100 % » 4 Table 4-10 #777 > S % B H > H 5 %
1P RBF # [l 5 26 - 56 %> 2 Kelly et al. (2002) 3 4p RBF # * - Pouschat €t
al. (2006)# |- » iz d »* Kelly et al. (2006) i@ * &% 4 3 NIST2711 & H i
¥ kit * NIST 2710 # f > £ F 5] * NIST 2711 i 5 4R 2 £ 4 RBF
EPTSF G o BN SR 24P NIST 2710 soil 1% £ 7 » 52
7 ¥ Hamel et al. (1998)12 2 Pouschat et al. (2006)+* #% 3R > RBF #&
Pouschat et al. (2006)% ° ¥ s i F] 5 X & F (L/S =1000:1 vs. 150:1
mL/gm)#7 825 » 4p >t Hamel et al. (1998)2. RBF 4p £ 7 13 % » B2 2R %
e (L/S=1000:1 mL/gm)4p I+ » & Hamel et al., (1998)~ }]?%t‘ AIEL G AP
pH & » F]pt & 232 RBF#% 2. ¥ it 7] o
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4-6 FIRT B2 55 o RS 2 2 B ERTAE

AT R 41T 45 &0 2 B F e R s & SR B (S  19
WP EREEE AT ERMRBRAS > FE T 54 P ooni 2%
G ERERTRE TR EREFH 5T AMRANF O
SUERER 2K E MR S EA S B ALS ijrw); P E S r‘%%‘r? 4]~
kR s i 4 Q)%EJQ Lo T HLP o

AN RBEREETRE WL LI TG IRLE EF2 A
oo RGPS RER > P TEITHELEY S ARTE o 2
PypociiipfiiR A Ed 8 0 2 R R RS 0 T AR s miEr
AHEE L S AR A AR R R R A L G R
4= 3 »x}t T #c (absolute bioavailability factor, ABF) » @ 4p$+2 $ 5 »x T #ic
(relative bioavailability factor, RBF) 5 2+ 3 & & £ %4k -2 ABF * & o
fot X5 B R %R CRBF R RELGE- BELEE DL
B FUEHAREEE > N A iFAka F e RA R E o B
BT ER 100 %5 AWM SRRt B RhGARBHRT S
X o
2 WEZ P

PR EARWAE G - ) FRERSA AR SF R
4 (L:120cm x W: 65 cm x H: 100 cm)#7 4= - {88 p 2 - B#F 22
B B RCERTEARL 3705 C i F RHEMEP) ZIERM L
A G v E S00mL & ORFLZ 4 ARV RARES HEE LY B
p Rl R 0 - K FERIGT @ R pH

ﬁf‘
ERETT G
Sl Bl- 5 AP oM R F MK AT LR -

EREARE
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el R

500 mL
0 AR 4R

e — i
#F AR A B A AKE

B .‘;ﬂ'l £ '@
M
Bl- 2 43 sl 2 £ R A & 7 A

B RS T A Er A AR 10% AR R (69.5% >

REB)EE 24 PSR ®E 11 p k-kZ DI -k(deionized water, T fe=

18Q)A Wtk 3l b o GrikieEL Br i § 3% > TLF Bo ikl

LiEF T ARE SRS B iEARY 0 B B2 pH &4 W L pH 1.840.1
5 % 7%E pHT7.0£0.1 (£5 /] %k > B pef4c™ @ !

iR g pAEEPN ZAETZ S500mL & GEL 0 B~ G TE R
500 mL DI -k » /,9]‘ 4v 1% procine pepsin (activity 800-2500 unit/mg, Sigma
P7000, CAS NO. 9001-75-6)£2 0.15 M NaCl (99.5 % » # % %) » 3c§ g4
WHEEHIREE - MEHCLE R (6N)A K pH B3 1.840.1 iT5 5 %o

PRl bR o B3 AERF RREARY FFH A LTS gm
porcine bile extract (Sigma B8631, CAS NO. 8008-63-7)£ 0.175 gm porcine
pancreatin (4X U.S.P., Sigma P1500, CAS NO. 8049-47-6)323 R & > 11 4& v
NaHCO; 3% (IN)#F pH &1 7.0£0.1 i£ 5 -] %% o
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4. Ik iTARE

4.1 # 5 L
BAKRRE 2GR Gz (air-dried)? 7 F‘ -5z (oven-dried)> 3\
(R RZE T<40°C) > I ¥ i & Pp s ] 3t 250 um 2 4 Kf < BERFEE o i

PRI Eabl e r A R AI%E AR R

42 BRI TS

SFEES HApA g R R AR TS o A R 2 JRIRE 0 5 -
FEE S PSP % D SRS P FERY HAp2 § 4p KPR A
EIBLEF ) SARZ B doBls #7F o

TARE B i g I B G & S 470+150 sec” (500+100 rpm) -
BREF 37205 °C» 3 22 F ff = 500 mL &% B s A% 0 75 4e 0.15 M NaCl
% 1 % porcine pepsin fie ®/ 5 /& > & * % i 1000:1 mL/gm > 3 E R S E
A ?# QO &2 ¥ 5 0.5gm> ™2 HCl 3% A &1 pH 1.8£0.1 15 7
o K1 RS 0 B 15 mL F PR R T e @ &IE (3500 rpm 15 A
) FHCBERMGRPAFT Y EigT o M2 “T*iﬂ*%?é i
I

AR E B | /,"‘J‘ 4t pancreatin ¥ bile » i 12 48 v NaHCOs5 ;3 ;% #- pH
BT T0R0.1 LR F R L) PELS > B 15 mL PR E T AL W
AL (3500 rpm~ 15 A 48)» F 4 15 1 ER G AR T R Y BR S
LR R AR 1 A

RBARE R ALY VAT RGBT L NE A
o3 R EME J‘ & B3 % (Inductively coupled plasma-mass spectrometry,
ICP-MS) ~ @ 18 & 7 ’]\ Ja & 38 k¥ (Inductively Coupled Plasma
Atomic Emission Spectrometry, ICP — AES) 14 2 Ja & w7k 32 (Atomic
Absorption, AA) > # - &7 F 47 o
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F s
®* 500 mL x ¥
. 1R 37+80.5°C
i g4 #3500 rpm)
. MEPFEE B pH E R

| i

-lk_w{\):—‘

Phase ] : % #p Phase Il : -] % 4p

# 4 500 mL 3 /%

(0.15 M NaCl & 1 % porcine pepsin ) f 4 » bile 1.75 gm 2
— pancreatin 0.175 gm
v
RAIPS = s Y -
(0.5 gm, i B+ 1000:1 mL/gm ) A W& - NaHCO; i3 it 3t -7 2
pH &2 I 7.0+0.1 i 5 | %%

A 4

vk HCL 3 %3 & pH I 1.840.1

i/ =3

FR 1P Jcg 1

(9,
=

—
g
¥

FRs 1ol P ek 15mL ] %

‘III EEEEEN

i

,

B m o2 2 A 47

4

#ro (3500 rpm > 15 min)

A 4
COPEER SRy — —
AR F RIS LLLL o

Bl= —HEAPG RS- R AP RS

Atk o FAZT P LS BB AR TR TN 4C ok
e o X7 - BARIEIA 2 A A TE s d N EAR Y ARG

CpHE=2> MEFL R E ek E > FlptmF 2l X A o

81



S
Wb A b i&’%ﬁﬁ‘ﬁ'd%”%gku’f 3
e o AU Y AR L AR A A B ke

TR A 2538 (D) s FH2 $ 5 »cid (absolute bioavailability factor, ABF)

T

ABF (%) =Y 1009 = Y (MITLPVEL) 640, ()
MT CT (rng/kg) XWS(kg) .....................

My=% & BipFe B 5B § (mg) s M=i3 24 3 37 b
BE (mg)eCy=% &/ BApFFE T E Bk B (mg/L); V=F J&H F
A L) R R R B ARFE Y * R B pH B A0 e R
PUE ] R T ARE R R R 2 WA S Cr =i S
B kR (mgkg, %% Eik“Ta 4 NIEAS321.63B, 2 ki itz &

R W=tk 382 (kg)

o2 4 5 sxid (relative bioavailability factor, RBF) &1 &3 %5 47
B (Standard Reference Material, SRM)¢ ABF &2 A # #5544 &7
SR (hed H)R LA ke S S QR

ABF
RBF (%) = = x100% = =——="=x100% ... )
BF g [M}
M T 1srm

ABFx=12 3tk % X 2. ABF> ABFsx=SRM 2. ABF - # ¢} :£5% ABFgry

Bl %% BB BB 97 * Na,HAsO4 - THO (P fagr) 5 SRM » 2 R 7 5
Na,HAsO, - 7H, 28~ (546 gm/100 mL at 0 “C)2 % ez
o hiEBhig®e M o 55d RBF @IT5 2 41 »chi3 & i
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6. &F &4 (QA/QC)

BT EAL A s RELAITEW I REHRA I RELSITL ST R A

Pl 4 ARBRATOLHE > W ERL BFE AP 40T
—dm T R AR R RV AN i A RS RS

TERT FEH RS EREEPESFARERE N BRI FRRS

FREBRG R 0 D VLR PR R 2 2 PO E o B ER L RE

FRAMIED 4ok - FEREHIEP & AEATT o

(1) &0 g4l T4 d SRERLZZ 9 &k M a P hEFHS
RREAT HEEEFARISE o F I0BSAFERAEST RS
._;'(oﬁ‘jﬂ?ﬁté_g A ES 2 B3 E W RHET o

Q) FAHESFH B BRERC E0 kPR D AT R
iAo B 10 BAFPI RS CEFT- Z0X RAPHLEE A
41 A % 5410 % RPD -

(3) PR ERE S H] 0 % 5 4arl ABFg 2 ABF %7 » & 10 i & &
STtk E A R E AR 5 ABFg 5 9048 %> ABF; & 9045
9% ©

(4) A FHREE 5 I E R EE 23n2 8 1 4 NIST 2710 soils
EAREEH 0§ 2% 481 RBFg 2 RBF 4 77 - & 10 24 & $+ %
i b e R 41 A% 5 ABFg 5 3542 % ABF; 5 3043 %-

- AP oM RE4lE o AR

Sk 1A
e B R <2MDL
€A R +10 % RPD
R 4 13
ABFg 90 = 8 %
ABF, 90 £ 5 %
AR )
RBFg 35+£2%
RBF, 30+£3%
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LA S RFE TR AP R N REL TR

RAEZTE Y o LSS fEd 323k 2006 0 25(1) ¢ 1-10 -
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AR RE R BHEL S % (55 2005) 0 B P g 0

RSl L b FRAR B A R o AP
B U= AT S BT

l.

WA T R IVG 8 2% (Rodriguze et al., 1999)2_ -] % 4p pH
55~ 5 & * PBET %2 *t 2% (Rubyetal., 1996)z -] % 4p pH 7.0 >
P32 pH E ¢ "% Mph 2 32K » v ABF 2 RBF + ¢ 4p "% i o
m PR Y K- AR S A2 PR T 4ee (3500 rpm, 15 min)f i
e (045 pm HFIRER) L T RIL 0 SR T AR R4 L AR AR
T R 1 5 AR {7 A a2 (3500 rpm, 15 min) ©

o Hp AT 7 R 2 P14t ICP-AES (Inductively Coupled Plasma- Atomic
Emission Spectrometry) > = % i B#&*LE 5 0.04 mg/L> *~F 7 R & *
ICP-MS (Inductively Coupled Plasma-mass Spectrometry) » = /= 1 P&
L5 091 pg/L > B B 5 ICP-AES 2. 1/44 > #& % % #PIEHR 7 0
RAGREA R RFAELER L BRR  FRAFHSE T
e FIF RFL B B REREER o

BHFTREEH L EFZEFRERR AR A EHRE
Rl ",% &34 @ (outlier)is L & {7 o322 A 49 o

T ER AR 2 R R A SR e kAT
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5-1 85 R %

1. *F 7 #F3Hk & Na,HAsO, - THyO £ 4528 1 3 4% == NIST 2710 soil **
P RERFRE G EA S S 0470 2 1006 sec” 2§ roibz B8
FohA4oT

(1) # &% Na,HAsO4 - TH,O > &5 48% 2 G ®% ABF & ¥4 4
(ABF5=86 % ~ 82 %% 91 %, p=0.21); -] %4 » % I G &% ABF
S EEEP LB (ABF=86 %~ 85 %£ 94 %, p=0.10) > F] Na,HAsO, -
TH,O 7% f2 B (5.46 gm/100 mL at 0 °C) % *+ A 35k B R » A f2R £ ¥
AR TR e pH R M2 A pHRF 2 [ 5400 3 I
G a4 ABF 328 lgE L 55 -

(2) 23 345 5 NIST 2710 soil » 2% 48 % 4p ¥ 2 G &% ABF
v EMBFH LR (ABFG=22 %28 % 31 %, p=0.54 ; ABF=25 % -
24 %2 26 %, p=0.72)

(3) t* FiEd iR E% Y 4G ¢ #4142 NIST 2710 soil # RBFg T 5
BA R G 26 % 35 %22 34 % > A RBF, T35 A W % 29 % ~ 28 %
2127 % F i 4pY 2k G E¥ RBF * 2lgF M43
(P=0.054 vs. 0.607)

2. B RIEE B AEE%RY 5 ¢ 448 2 NIST2710s0il» 5 48 ¢ ABFg

%1 RBFG#a#] % 48 ABFg % RBF| B > F A 7 xS %2 5 &
* 48 RBF 3211 & # 4 2% RBF © jt & -
3. FE LT o IgEoR RREE ST - BER % S +
TE®RREY - B FGE L 470 sec” (500 rpm) o
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5-2 REHMREE
1. A3 #3115 NayHAsO, - 7TH,0 2458 1 3 4% 5= NIST 2710 soil »*
F R B o0 A w5 200:1 5 1000:1 22 5000:1 mL/gm %2 4§ it 2
PR BT
(1) # & Na,HAsO, - 7TH,O > &% 22.] % 4p ¢ 7 &% H v %+ ABF 51 &
£ (ABFg=96 % ~ 87 %% 101 %, p=0.07 ; ABF=85 % ~ 86 %% 93
%, p=0.06) > ¥ & & F] 5 Na,HAsO, - 7TH,0 73 f2 & (5.46 gm/100 mL at
0°C)B * ARk iER »Rf2R L ¥ ¢ $HR R > &% F» 4 ABF &

=
Ll

W

Ak

0] o
(2) & 434 5 NIST 2710 soil » &5 4p 2 % % F ¥ ABF & 3¢ ¥
% B (ABFg=28 %~ 29 % 30 %, p=0.06) + &-] %40 ¥ 7+ ko ipt

W4+ ABF $ BEE - £ B (ABFo=21 % 24 %2 27 %, p=0.02) » ~
F A% A ABF A%F % ¢ BApM (R=0.59) » 2% $73E (2005)%
Hamel et al. (1998)F 7 4p % » E¥ s R Fla » #5 ¢ AR 2 2 X

pH B8 8~ > d * ] % 4p pH & i A8 (pH 7.0 vs. pH 1.8) » 12

HAR A OBRBRE ) FIRFN AL B Ap? H ABF B8R
R oo wd RRE Y 0 5 4p ABF #5520 % 4p ABF > B e (7 -

FE b S ApRR b 3B R BN AR Y T 2 B - B E R sk Sl

2. tH iR EiEsk ¢ > NIST 2710 soil # 22 RBFg T ¥2 1 A % % 29 %
33 %%2 30 % > A% RBF; L35 A % 5 25% ~28 %27 29% > * 4% 48
Bl BApY A RREVCHRBF i E AR (P=0.053vs.0.203)
%4 ¢ 4t& 2. NIST 2710 s0il » § 48 RBFg ‘% #] % 48 RBF * (29 %
v8.25 %; 33 % vs.28 %; 30 % vs.29% ) ¥ Ay MR G S 2T &
% 48 RBF 3514 5 # 4 32% RBF © jt & -
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3 K
Y
.

w7

A

Erubvars BRIV R AT AP HA S G BT < A

[EBRFLFA- AT NIRRT R R ALY B E 10001
mL/gm ¢ 545 B2 4 ORI R T S B b R AR
PERE R b

i 4p ¢ #~ 2 RBF & » iz H* & 1000:1 mL/gm °
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5-3
l.

5-4

o] B Ap F B R
JBEAREBERY 1 e T 2-11 )RR TEER > A S
Na,HAsO, - 7TH,O 4 7 196 mg/L ¥2 191 mg/L » # % 2-11 | pF2_ 34
TR RARET S 1) 2 AREEL 5 2.7 % iR 4 3 4 5 NIST
2710 s0il % 1 /] FFe2 % 2-11 /) PF2 ' T35k B & B 5 0.15 mg/L £
0.14mg/L» # F3o4p 482 5 8.6 % > & fdtk 2 Ap¥EL ¥ ] > 10
% bk % IS (2005)FT AR 0 T AT A E R R IESRAT T ¢ T B Ap
FPpEm s 1)L FIPAFETER PR SAE
Pepr ALY 7 Mg
&é@ﬂnk%ﬂﬁ%%%’wgwpﬂﬁﬁwpwjmujﬁim
R PRy EIAETTE5BFIR 5 ip e pH & 55 33k ’
Na,HAsO, - 7H,0O £ NIST 2710 soil 2_ %8 )k & 22 § % 4p ABF ‘% $iz
pH7.0 % » KA EEFRF &oo [ Hipd S -~ FH B Fas
L5 ARF B A opH EARA P 4 Flpt AT ER ] AR pH 7.0
o b 4 3 SdiE oo

sk Radi Rl Ak

AT EFHRS L R PRI 5V & Na,HAsO, - TH,O 22 5 4p
1) R AR 2 SR T Eak B A W] L 189.6 mg/L 2 127.4 mg/L:NIST 2710
soil 2. 5 Ap &2 | H4p 2 g Tk & A %W 5 0.14 mg/L &2 0.07 mg/L -
HE RS N En =D ;S - B AR N

BT FRC T RIL S SV & NapHAsSO, - THYO 20 5 4p 22 0] % 4p
2 B T ik B 4w L 190.2 mg/L £2 132.5 mg/L > NIST 2710 soil 2
AR WA TR A W5 0.2 mg/L ¥ 008 mg/Lc B 4pz
REPTIDRR Y RS AR e
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3. BRI AIT R R EBRT RIL N B S gp ke Tk B 4
Na,HAsO, - 7H,O £ NIST 2710 soil % & & E 1+ £ B (p=0.22 vs. 0.06
22 p=0.15 vs. 0.06) » F1pt 7 § 2 3k 5 Bojfe 9 AIL A B W ie 7 4
RILH T o 1L ERALR o

5-5 @ hRSE AR

AP RpEksr o E-HE e BEAIRE 20 BA EAR
A ARG EREE IR AR E R B EREE A AT 1T
L @56 FHUERBMIA B2 02 0 p4E'LE > A% MDL 3 091

ng/L
2. EARSEFERELLIONAPFFLE A o
3. A4 E 4] P ABFG T3 EHER 2 5 9048 % > ABF; 5 90+5 % e
4. A4 KR H 4] CNIST $28 * 3 RBFg T35 B+ £ 5 3542 % RBF,

% 3043 % o
56 FHEET B2 5 ool gk 5 2 BRI RA

AT 5 EREEES S VI %2 41 22l PBET # vtz > 22
mEPFT T (58 > 2005) ¥ - FEEHCEES )V IRE (pH 1.840.1) > ¥ - P&
WE) 5 RE (pH7.020.1)c 2%k > 2@ 0 > XF > o o BB K
Bies PN VEALS I UL RV AEES HEZ L ER
RIS S B T PRI AR Tt TF Y S 7 Rt £
Fapat o NIRRBREFERE o LRERFEEERE S G 0 [ AAE T
o A T BB e JEE ) B s B VR FERGE el ALiE g
J7\: o

ARy R TS F AR SRR §2 0 i & Pkt< 250
pm o @ * § AT F ff 500 mL % BFa GLEE R b dr i 2 B
G g5 470£150 sec” (500£100 rpm) » fe PR * F 375V B A& 3740.5°C ;
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- PEECHEG IV RB % % F 1000:1 mL/gm B~ & 0.5 gm >
3% 4c 0.15 M NaCl 2 1 % porcine pepsin WH %k MHClARBED
pH 1.840.1 #% 3% » F o 1 [ B » BoEBojp it (7 e 3 AJT (3500
rpm >~ 15 2 48)d kR fs 0 L ICP AT R RR G HRF R E R - R
RS RE R /,’j‘ 4v i % pancreatin ¥ bile » I 11 &7 v NaHCO; 73 /%
B-pHAKEZ 70101 25 %k L F 1| BFis » BREBREFTHRC
5 EGT (3500 rpm ~ 15 4 48) » 2 ICP A 47 S E B - Bfs 17 A2 4
FORREE B2 55 onlt (ABR)EAp$t2 F 3 22t (RBF) -

5-7 Hwikik

1. #& Ruby et al. (1999)~ )—*H B2 oREAL RSB F G TR
- R EAR) CBE R A FRREY o P2 oy sS4 < > de Figure 2-1
TR e 2 A PR ERAT Y Y o R RS % F i ] 3 250 um
B UHEEIRAME R Tl s Ak iRe 0 kv g Dk /FfJef% *
7R3 3RS 0 & s 5 3T 180 2 200 £ 300 um o i (T RE P RS 0 AR

i

3

TEREA L EFTERFIL oM AP T EREFT - HF
FHE TR R PF 0 AR RS S A b ol B

2. AR B HRBY REI PP TP G e F R AT = (oxi-
dation reduction potential, ORP) 3 2 & %] % - £k =+ &_ (1978)F7 7 ¥ 3:}3
G ORP *t A BB v sy 20 By %2l > ¥ % A0 B appE
ORP i&jbrd & & (+150 mv)2 § i* ki f 5 f & (-50 mv)z & Rk
B o Flpt g e AREIS 0 S ARG F LA T BT A B

Ptp? R RRENZRA A HPRFIFZGAET M

Nz B G FED SRt T AMEE  FREDHFY

(5% 2 2005)% %3 > d § 491 ] %4p ORP "8 1 » H 3 & X pH #f

FopH B2 ORP = F 1L B %> m ORP 2 4 5 stz B Bw FF 7 o
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BB BT AL G o Rk P ARZ T S p2 s LBRT
oot FAEKRSD B ATHREIRRY FEIZF R MO
B PG5 A AL WHTH Aok BT Y M BE TR =
f%?&ﬁ’ﬁé%iiﬁﬁ’t A2 F IV F ST EA R 5 RIE R
2R T BT Rk B AL AN G A T
Bho FPrAFET2REFAT T B HET g
(MINEQL#FHE £ B 2tk ¢ & AT HApd = AT g
2 eI R A fg o2 B o
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blank Na;HAsOy + 7H,0 (mg/L) NIST 2710 soil (mg/L)
Veolcity Intensity (sec™) 1 2 3 4 5 1 2 3 4 5

0

Gastric phase ND. 181.6 187.8 188.7 230.0 2343 0.0837 0.0963 0.1085 0.1928  0.2030

Intestinal phase ND. 138.6 146.2 182.0 188.9 1925  0.1045 0.1060 0.1061 0.1553  0.1559
470

Gastric phase ND. 184.1 187.7 188.4 201.6 2152  0.1652 0.1736  0.1766  0.1778  0.1927

Intestinal phase ND. 148.7 148.8 #55.5 184.3 186.1 ~ 0.1023 0.1124 0.1152 0.1359 0.1503
1006

Gastric phase ND. 188.7 210.8 223.4 227.4 230.8  0.1616 0.1626 0.1628 0.2322  0.2392

Intestinal phase ND. 170.0 180.7 180.9 187.1 191.8 ~ 0.1089 0.1118 0.1387 0.1403  0.1404

blank Na;HAsO4 - 7H,0 (mg/L) NIST 2710 soil (mg/L)

Liquid to solid (mL/gm) g 3 4 5 1 2 3 4 5
200:1

Gastric phase ND. 11054 10649 1071.8 1227.1 12424 0.8199 0.8259 0.8598 0.8601 0.9102

Intestinal phase ND. 744.9 826.7 829.1 836.8 844.7  0.4766 0.4794 0.4933 0.6002 0.6393
1000:1

Gastric phase ND. 188.4 187.7 2159 2224 2272 01736 0.1766 0.1777 0.1778 0.1927

Intestinal phase ND. 146.93 1479 176.3 188.1 183.1  0.1124 0.1125 0.1152 0.1359 0.1503
5000:1

Gastric phase ND. 46.67 47.21 47.97 49.89 48.99  0.0353 0.0365 0.0385 0.0396 0.0401

Intestinal phase ND. 33.1 35.5 36.3 36.1 37.4 0.0252  0.0255 0.0278 0.0281 0.0293

ND.= non-detected (below method detection limit = 0.00091 mg/L)
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Standard Reference Material® 2710
Montana Soil
Highly Elevated Trace Element Concentrations

This Standard Beference Material (SEM) is intended primarily for wse in the analysis of soils, sediments, or other
materials of 3 simnlar matrix. 5BM 2710 is 8 highly contaminsted seil that was oven-dred, sieved, radistion
sterilized, and blended to achieve a hizh degree of bomogeneity. A unit of SEM 2710 consists of 50 g of the dried
material.

The cenified elements for SEM 2710 are given in Table 1. The values are based on measurements nsing one
definitive method ar two or more independent snd reliable analytcal methods. Nomcertified wahaes for a mumber of
elements are given in Table 2 as additional information on the composition. The noncertified valees should NOT be
used for calibration or gquality control. Amnalbytical methods nsed for the characterization of this SFM are given in
Table 3 along with anslysts and cooperating laboratories. All values {except for carbom) are hased on measurements
using 4 sample weight of at least 250 me. Carbon measurements are based on 100 mg samples.

NOTICE AND WARNINGS TO USERS

Expiration of Certification: This certificstion of SEM 2710 is wvalid, within the measurement imcertamties
specified, wnnl 31 December 2011, provided the SFM is handled in accordance with imstructions given in this
certificate (see Msfrmcfions for [5@). This cerification is nullified if the 5EM iz damaped contaminsted, or
otherwise modified.

Maintenance of SEM Certification: WNIST will monitor fhis SEM over the period of its certificatiom. If

substantive techmical changes ocour that affect the cernfication before the expiration of this certificate, WIST will
notify the purchaser. Retum of the attached registration card will facilitate notification.

The overall direction and coordination of the analyses were under the chaimmanship of M.5. Epstein and
B L. Watters, Ir. of the MIST Analytical Chemistry Division of the NIST Meanurement Services Dhivizion.

Statistical comsultation was provided by 5.8, Schiller of the MIST Statistical Engineening Division.
The technical and sopport aspects mvolved m the origmal preparation, certification, and issuance of this SR, were
coordinated thromgh the WIST Standard Feference MMaterials Program by TE. Gills and 1.5. Kane. Revision of this

certificate was coordinated through the MNIST Standard Feference Materials Program by B.S. MacDonald of the
WIST Measurement Services Division.

Willie E. May, Chief

Amnalbytical Chemistry Division
Gaithersburg, MD 20899 Jobn Fumble, Jr., Chief
Certificate Issne Date: 18 Faly 2003 Meanurement Services Division
S Certifleate Revision Histary on Fage d
SRM 2710 Page 1 of &
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INSTRUCTIONS FOR USE

Use: A minimum sample weight of 250 mg (dry weight - see Instructions for Drying) should be used for analytical
determinations to be related to the certified values on this Certificate of Analysis.

To obtain the certified values, sample preparation procedures should be designed to achieve complete dissolution.
If volatile elements (1.e., mercury (Hg), arsenic (As), selenium (Se)) are to be determined, precautions should be
taken in the dissolution of SRM 2710 to avoid volatilization losses.

Instructions for Drying: When nonvolatile elements are to be determined, samples should be dried for 2 h at
110 °C. Volatile elements (i.e., Hg, As, Se) should be determined on samples as received; separate samples should
be dried as previously described, to obtain a correction factor for moisture. Correction for moisture is to be made to
the data for volatile elements before comparing to the certified values. This procedure ensures that these elements
are not lost during drying. The weight loss on drying has been found to be in the range of 1.7 % to 2.3 %.

PREPARATION AND ANALYSIS

Source and Preparation of Material: The U.S. Geological Survey (USGS), under contract to NIST, collected and
processed the material for SRM 2710. The soil was collected from the top 10 cm (4 in) of pasture land located at
Longitude 112° 47° and Latitude 46° 01" along Silver Bow Creek in the Butte, Montana area. The site is
approximately nine miles east of the local Anaconda plant and 6.5 miles south of settling ponds that feed the creek.
The creek periodically floods. depositing sediment with high concentrations of copper, manganese, and zinc at the
collection site. The material was shoveled from a 6.1 m x 6.1 m (20 ft x 20 ft) area into polyethylene bags in
cardboard cartons for shipment to the USGS laboratory for processing.

The material was spread on 30.5 cm < 61 cm (1 ft x 2 ft) polyethylene-lined drying trays in an air drying oven and
dried for three days at room temperature. The material was then passed over a vibrating 2 mm screen to remove
plant material, rocks, and large chunks of aggregated soil. Material remaining on the screen was deaggregated and
rescreened. The combined material passing the screen was ground in a ball mill to pass a 74 pum screen and blended
for 24 h. Twenty grab samples were taken and measured for the major oxides using X-ray fluorescence
spectrometry and for several trace elements using inductively coupled plasma atomic emission analysis to provide
preliminary assessment of the homogeneity of the material prior to bottling. The material was bottled into 50 g units
and randomly selected bottles were taken for the final homogeneity testing.

Analysis: The homogeneity. using selected elements in the bottled material as indicators, was assessed using X-ray
fluorescence spectrometry and neutron activation analysis. In a few cases, statistically significant differences were
observed, and the variance due to material inhomogeneity is included in the overall uncertainties of the certified
values. The estimated relative standard deviation for material inhomogeneity 1s less than 2 % for those elements for
which homogeneity was assessed.

Certified Values and Uncertainties: The certified values are weighted means of results from two or more
independent analytical methods, or the mean of results from a single definitive method, except for mercury.
Mercury certification 1s based on cold vapor atomic absorption spectrometry used by two different laboratories
employing different methods of sample preparation prior to measurement. The weights for the weighted means were
computed according to the iterative procedure of Paule and Mandel [1]. The stated uncertainties include allowances
for measurement imprecision. material variability, and differences among analytical methods. Each uncertainty 1s
the sum of the half-width of a 95 % prediction interval and includes an allowance for systematic error among the
methods used. In the absence of systematic error, a 95 % prediction interval predicts where the true concentrations
of 95 % of the samples of this SRM lie. The certified values were corroborated by analyses from nine Polish
laboratories cooperating on the certification under the direction of T. Plebanski and J. Lipinski, Polish Commuttee for
Standardization, Measures, and Quality Control. The Polish laboratory work was supported by the Maria
Sklodowska-Curie Joint Fund.
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Table 1. Certified Values

Element Mass Fraction Element Mass Fraction
(%0) (mg/kg)
Aluminum 6.44 = 0.08 Antimony 384 = 3
Calcium 1.25 = 0.03 Arsenic 626 = 38
Iron 3.38 + 0.10 Barium 707 + 51
Magnesium 0.853 + 0.042 Cadmium 218 = 0.2
Manganese 1.01 + 004 Copper 2950 = 130
Phosphorus 0.106 = 0015 Lead 5532 = 80
Potassium 2.11 = 011 Mercury 326 = 1.8
Silicon 28.97 = 018 Nickel 143 % 1.0
Sodium 1.14 = 006 Silver 353 % 1.5
Sulfur 0240 = 0.006 Vanadium 766 23
Titanium 0283 = 0.010 Zinc 6952 + 91

Noncertified Values: Noncertified values shown below are provided for mformation only. An element
concentration value 1s not certified if a bias 1s suspected in one or more of the methods used for certification, or if
two independent methods are not available.

Table 2. Noncertified Values

Element Mass Fraction Element Mass Fraction
(%0) (mgke)

Carbon 3 Bromine 6
Cerium 57
Cesium 107
Chrommum 39
Cobalt 10
Dysprosium 54
Europium 1
Galllum 34
Gold 0.6
Hafnrum 32
Holmium 0.6
Indium 5.1
Lanthanum 34
Molybdenum 19
Neodymium 23
Rubidium 120
Samarium 7.8
Scandium 8.7
Strontium 330
Thallium 1.3
Thorium 13
Tungsten 93
Uranium 25
Ytterbium 13
Yttrium 23
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