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Abstract

The difficulty of determination of L-ascorbic acid comes from its instability: it is sus-
ceptible the air-oxidation to form dihydroascorbic acid. A rapid and sensitive method
has been developed for determination of L-ascorbic acid, using a reaction mixture of 0.4
mM Fe(NO3)3—1 mM KSCN-20 mM HClOy4. The proposed FIA method is attributed
to the reduction of iron (III) thiocyanate complex in an excess amount with L-ascorbic
acid and then absorbance of the residual complex is measured at 460 nm. Therefore, de-
tector response obtained for L-ascorbic acid shows negative peak, based on the decrease
in an absorbance of the complex from background. Calibration graphs, plotted as the
peak-height versus concentration, gave straight lines up to 1.0x10~*M at 0.005AUFS and
3.5x107°M at 0.002AUFS. For 11 replicates for a 50-uL of 7x10~> M L-ascorbic acid,
this method gave a mean value of 6.98x107° M with a standard deviation of 2.10 x 1077

M and relative standard deviation of 0.3%. Detection limit as S/N=3 was 1.2x107° M for
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L-ascorbic acid. The proposed FIA method was successfully applied to the determination

of L-ascorbic acid in soft drink samples.
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7u—A Yz vayipt (FIA) #iE, SBOEI 10~ 100 pl &9 X 9 IR THHA
WHET, MM TRLT LM LA THHBAMORVIMEDS TR TH L E Vo ki A L
TWb. L-7AAVE VIROERDRIZIEE  OFEPHE SN TS [1] 25, 2OHTO FIA S0kl
EWOEEM N FED C F NSV, TROHDOFETIR L-TAINVE YEROJORNASEE LTk (I1D) 1 +
Y& 1,10-7xF ¥ bayr (2, 3], #(II0) 1 4 » & Tris(oxalate)cobaltate(III) [4], &9 # & TAKR
A [5], 8 (III) 4 + >~ & 2-Oximinocyclohexanone thiosemicarbazone [6], # (III) - cetylpyridinium
chloride [7], ¥ 2 v BIEE =7 O ABA YD A—Io{LAY A O—5 3> 6G [8], # () 4 4>
& p-Carboxyphenylflorone [9] % EA R S NTHB Y, &M [3, 5], B3 (6, 8, 9], Il [7] DHT
WCIBHENTE 7, POLEZRIN S 2 HETE—BRISEATICH ) P52 55132 0% ) ZHRET 5
& HHIVIIELL TV LR TREZ O/ LD ZRET 5040 X 2N Z RS Wik 2 E
Ry 20D, FHEO—N (Zil) SI3EES X OHBOFRHEKISH L TH ) REMIC L 55
BOMIETEZ WML, XH)REOEEMMT S L-7 22V E Y ROBGENE FIA B2 #HiE L7z
[10]. &S CHH L7z RUSHD & 5 #EH (1x1073 M) 1ZidZ & (0.1 M) O XA F »Hh3fE L
TWb 70, RERIEHMAH T2 & X)W A+ > B2RRIL SN T &) Fa B LBOGE 2L S
B eV MEND -7z M, L-7 AT NVE VERIEEL (II) £ 4+ > %8k (I1) 4 F VIS TEHIRITT
2L, FAYT VRS () $64 4 Y ORHpBET L EER LMD, £z, 01+ VI3
HHH THEORET TRETNEDP R YV LERMA LT > THb. ZOZLhs, L-7TAINVE VRO
POGHAZ T4 > 7 » gk (D) 654 & ¥ 2 H L T2 ORBOBEL =5 — 3 UL, WOLEORD %
5L-7TRAINVE Y RZGNTHI LR TH L EWFRETE L. RBIETIEZ, 74 27 BR#k (1II) #&
A F ¥ OBEFBEEZ WA T 5 L-7 A3V E VRO FIA L2 Raf L. & 2T L2 BUSEe 0.4
mM 8k (1) -1 mM F4 37 Y 8H Y & 2 20 mM #IEERR AW L TREOREE V12
PAFL7-L &, %3 HBMECTIIMHTE 28 Gholz. TOT b F 427 VERsk (1) #
A ¥ O\ FREEHERNIWSEE M E 12D L-7 A2V E VO FIA 2B W CRIF 2R RETH
2 Egholz.

2 Gk

2.1 A3

KIZAKEAKZE 2 FZEF L, SHICHARI Y ETHED MilliQ-Labo MiKBELED A 4 2 H T 2
Rl L THLMH L7z REXTROSRmE R TICe0F TMHA L.

£ 9 FHWEA ) 7 AR X9 A ) 7 A (FIDOGHSE Tk AR EASE KIOs : MW 214.001,
M 99.97 %) % 105~110°C T2 LTI ) X VDA TWEF Y — ¥y TS E Tus
L7z, ZDXHFEMES ) 7L 35748 g (IR 3.5677 g) #FF& o TRIZED L, /KT 1001.99 mL (Gl
A 1000 mL) AL TO1N (f = 1.000) &9 FEEEAH ) 7 AR Z R L 7.

F AR T bV 7 AR T AR T b Y 7 A FAHN (ISR T3tk ot S ASE NaoS2 O3 -
5Ho0 : MW 248.18, #1E 99.0 %) 250 g Z bl Eik OkilEk%E 2 MG L, Z0tk 20 45 ik L <
FiFCTHHL CHEMABEZREL72K) ZEPL, 10 LISHRLTH 0.1 M F BT b 7 23K
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RREL (SHICIZRERE LTHREF MU YA 1 g 28 L), COERISHREE 1 EMULERGE
L720BIC X ) FWHEEIC X DEEL [11], ) FHEICE S L-7 ATV E VBEROBEIZ D Hw7e.

L-7 AT WVE VAT L-7 A3V E Y (RS T3t B AEE CoHsOg : MW 176.13,
HEE 99.0%,) 1.78 g & 200 mL (ZHBIFHIKICAML T 0.05 M EBREZFE L2, S OBRIIEREZ T
H & FCK ) REETEEL [11), BIEEHKCTHEAML 2. 5x107*M L-7 2 2V E Y BIEEO
AENZIL, L-7T ANV VEROREACD DB Z N A, ZOWREH0.01 M 12425 X9 IZHHE L7
0.01 M FERRIEEE O L-7 A 2V ¥ BRI EGE 2 b 2IHIERETH - 72,

e - WM CRIRAESE T etk a b A #ASE CH3COOH : MW 60.05, #iEE 99.7%, % 1.049)
28.71 mL % /KT 500 mL (ZAL T 1.0 M Bz i3 L 7=

FAYT VA T LW T AT VBA ) v (FOERE T A3 KSCN - MW
97.18, i 99.5%) 9.77 g Z/KT 1 LIZHML, 0.1 M S 2B L 72, FERICIZZ O %2 K Tl
AL TR L7

BIEFERRAT  WIEER (FehEE T4 HCIO, : MW 100.46, #EE 60%, %21 1.539) 5.44
mL %7K T 500 mL ICARL 0.1 M ¥ K 2 s L 7.

TRk (I11) — 3G KRR © MRSk (I1T) - JUKFIY (FIOGHESE T3epkaX 24 U ERSE Fe(NO3)s -
9H20 : MW 404.00, #JE 99.0%) 306.06 g % #HiFKME 214.03 mL % &TLKIZEA L, KT 500 mL (2
HMT 52 LI E>T 1.5 M AlEEsk (1) -4 M EERBBESHERANR L. ZoOHER 233 mL &
D, 0.1M #3EFEEE 6.80 mL 212 T/AKT 500 mL ICAF L T 7 mM A§EESE (1T1) - 20 mM 3 KB
WAERE L7z, 0.4 mM AEESL (1)~ 1 mM 4 > 7 YA Y 7 & — 20 mM @3 E ORI O SUG
Wi 7 mM AEEESR (TIT) - 20 mM HE3EEBRIAHE 14.29 mL, 0.1 M R 47.14 mL B X F1x1072M
FETT VWA T AEW 25 mL A L TKTEeR%E 250 mL 12 L7z

2.2

RIEBNE, X F TEHRASHEO DMX -2000 BIEE A v 7 & H 8 B # O LIC-10-U1 #
ORI ZE (PR 460 nm) ZAMEF L7z M L72WOBE OFRtkIC1d Pantos o U-228 ML 2 —
F—% i L7z, F4 27 vk (1) $5 4 4 > oW AR S E 2T 2 o UV3200 B H 500
FrERMAL, LR 1.00 cm O ALV E AV CllE L7,

2.3 fE

REBRTIE, —DORY TICL > THWEZE 2 ZMITHT L DTE S FIA GEEEZHEH L. 20
W& & AT 4t % Fig. LIRS, —hHoiilicid 0.01 ME#EZF vV 7—& LT L TE5 0.3 mL
DOFRTHL, AENAH S0 L 134 ¥V 2273 a YNV TRBEAL, YU T7—0OFRBICE->TIF
Py 7 TS, ORI 0.4 mM fiiEREk (1I1), 1 mM F4 7 YA 4+ v & 20 mM #EHH#
FROBAERZ L-7 A2V E VRO RIS, 85503 mLOWETIF L 7 TIZRY. 22T
&, L-7 A2V E VG F A 7 RS (TID) $5 4 4 i (BOB) SREG L TRISF 2 — 7 & TR
WMLz, COE &K () A4 YD L-TAINVE VEBIZL > T (1) 4 4+ BT EN, T4
7 RSk (I00) $5 1 4 v oRfaruB a3 5. MM TIE, ZO8A + v okt (KK 460 nm) O
WEEZWET Z720, L-7AINVE VERICHYE T Z2PO00EOWP 2 MWE SN TEDOIREE L I —F—|
RLEkT 5.
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Pump
(0.3 mL/min)
. UV/Vis detector
Mixing T (460 nm)
Carrier R
(0.01M CH;COOH) . > Waste
Sample injector Reaction tube
(50 L) (0.5mm i.d., 56cm)
Reaction solution
(0.0004 M Fe(NO3)s
—0.001 M KSCN
—0.02 M HCIO4) Recorder
Pump
(0.3 mL/min)

Fig. 1 Schematic diagram of the FIA system and analytical conditions.

3 RiRLER

3.1 HhEIng L ki

4x107* M fif#esk (IID), 1x1072 M F4 ¥ 7 YA+~ & 0.02 M #EEEROBRAR P TER L7
WD F+ 2 7 2k (I1D) $5 4 7 2 1% 460 nm (SHRRINE R 2 EBMSN TV L7720, 230
PE TR OWEE 460 nm 3% L TRIBEHSE ZME L2, 107° M LARLVDO L-7 A2V E &~
W O FREHAT 2 L CRIBEHID S I 2 e L2, Zo8E% Fig. 210RT. L-7AIVE VHO
TREEATE € % B2 L7e2S o TIBE MG E DA 2 RS H A MDY v —T ¥ =2 &R LIz, 20
=2 DE&% L-7TAINVE VBOBREIIN LTy b L2RERE Fig. 3117, RIEOKE
% 0.005AUFS (WG 7 VA7 —v) I LT b 7zmEiita Fig. 3A 12, 72 0.002AUFS 1L T
BoNMERZ Fig. 3B IIRT. FREMRIZZNZN 1.0x107*M & 3.5x107°M F TOREHHT
JEM % A M Z R L7z, BRIBEEORIEZ 0.005AUFS I2BWT, S/N = 3 & LTk =B TRl
12x107 M BETH -7z, TMHEROREE 0.002AUFS 12§ % LIREMBoO Y —r msidmld &
B, R=AF4 D) A XBFERIIERENL 72OMM TFTREORELZ KL T4 2 LT TE R o7
F72, 0.005AUFS T7x10° M L-7 A2 V¥ VBB ERE AV C LY ELS, Y2 M LT
L&, LN L7 AN VEREHOBE O 6.98x 1075 M THE#E{FE (SD) 13 2.10x1077
M, HxHE#EEZE (RSD) 1 0.3% Tdh > 72, 0.002AUFS T2x107° M i#E% 11 g RLz& &, F
¥MEIZ 2.01x107° M T SD = 1.67x107" M, RSD=0.8 % T&h > 7=.

3.2 L-7 A3V E VIBEHIROEEE

L-7 A2V VERIEEEMEV KRBT CRIBESICERMBLEZTCTFs e FR 7 22V VERICE
HH, BEHEEECT L e RET A EERINLA. 22T, s OREORBREE (MBIEomE) h
TO8x107° M L-7 A2V VEEORE. MG L7z, ZOME, L-7 22V v BETILRERE % &
F 2 WAREVE R CIEER L 30 0 E TIRZETH 7228, 45 0 HHr SR -7 ORI ICABEDOEE A
UCoff L7z, BERRBEE P CIRLE IS D), BEBROIRIEAT0.005 M Tl 1.5 K[, 0.01 0¥ 0.05 M B
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Fig. 2 Detector response for L-ascorbic acid obtained at 0.005AUFS.
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Fig. 3 Calibration plots for L-ascorbic acid.

B TIZ 2 B E TRETHo 72, AEBRTIZI0 M LARLVO L-T A VY VliEa HE$ BRI
ZOBEELT0.0l MERBBEE2HTAI L. SOZERSLFY Y 7—I23 0.01 M B2 1l
H+aZ Ll
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0.6
0.02 M HCIO4
0.02 M HNOg3
0.4 0.02 M HCI
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0.2
0.01 M HzS04

350 400 500 600 650
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Fig. 4 Absorption spectra for iron (IIT) thiocyanate complex in media of HoSO4, HCL, HNOg
and HCIO4.

3.3 RIS OBOME DR R

KB O (1ID) A F Y IZBEHINMAKSRT 5720, SISO UEYNH S, & TR
T RMOMBM WG 5 H TR, R, iR, EIEFRMRE M L CRONRERR L7z, BRoOBREL
LCIdKFEAF ViBEL LT0.02 MICHEI L CEEBLZ. ZOME, 04x107% M Fe(Ill), 1x1073
M SCN~ & 0.02 M H* % & & JUSHL QWA I V9 S 42 460 nm ICWRIUBK 2R L, WA E
TOWOLEE B & UChilR, 1R, MR, BIERROMICE o7 (Fig. 4). WREROMH TIIE
BEAMIL S 7 o 725, SAUEHERRA 7 > A8k (I1D) 4 4+ VICEE L, F 3 7 Mgk (I10) 854 o+ > o2k
EWET LD EZOND. £, INSORSEBEA ML TR LN L-7 2 2V ¥ v BROBE
% Fig. 5 \ORY. HMEMRIIE N ZEBLEMRTL-7 A2V Y BOREIZHGI L7220, BIEREE %
L7 S BVREZ R L. SO Lh 6 SR OBE I IEBEFRREZ T2 212 L.
i, BUSHEH OMERBOREOR RE B Lz, 2 Tldfli4 OREOMEEB* & 0.4x1073
M Fe(IIT) — 1x1073 M SCN™ AL, 7x107° ML-7 A VE VBEOY = maEllE Lz, £
OFRER, WIEFMOREL 0.01~0.025 MISHBI L7z E¥—2omSidkdmE L, BEALHLE—
IEERR LI SO Lhs, RSP OMERBORIELY 0.02M T2 LICL7.

3.4 RIBHHO Fe(IIl) 4 Y L FF 7 VA F ¥ DREDOR R

TFEBRIZ B TRISH T O Fe(Ill) £ 4+ > DiRfEZEL 5L L-TAINVE VRO Y — 7 S0
BB Do holz. TITHE, 0.1x1073 M~0.5x1073 M Fe(Ill) £ + » % && 1x107° M F4
VT VERA Y= 0.02 M BIEFRROBHEE T OSHEICHEHLTL-7 A2 VEYBROY -7 H 3 2l
EL72. FTORE% Fig. 6183, Fe(Ill) 4+ v#70.1 x10* M OBl A#H L72& E1d L-7 22
VEVEEOY — 7 @ EAMEL, MERIE EIMISh TRl 572 0.2x107° M TRREM OB A
#HoN, 0.3x107° M~0.5x107% M Fe(I1l) O UG % i L 723 A R < BT — Z2 M T
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o5 | < 0.02MHCIO,
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Fig. 5 Effect of H2SO4, HCl, HNO3 and HC1O4 as media in reaction solution of iron (III) thio-
cyanate complex on peak-height for L-ascorbic acid.

[Fe(IIT)] and [SCN™] in the reaction solution were prepared to be 0.4 mM and 1.0 mM, respec-
tively.

Bohl, ZOZERSARERTIE Fe(IIl) 4 4 Y OEEX 0.4x1072 MISHEIT 5 2 L1272 R
Fe(Ill) £ + v D% 0.4x10 2 MICLTF A V7 VA + Y OREOMBEERET L. F4 V7 VB
A F > DOREEELTHEL-7TAIIVE VBT AMBEIGE Y — 27 @ SIEMSREL R 5H, IR
RETT V7 OWREDTL D eEZONDL. 22T, L-7T ANV E VBBOBEEIZE  TR=2
GA VDI AXNTEDLLEINEL BBFH YT VATV ORER RO L HINTERLZ. 04x1073
M Fe(III) — 0.02 M @ 3EFHRFROEHIHE 4 OWEED SCN™ &2 7 FOSER & F\V 7/ % Figs. 7 &
BITRT. FA YT VAT VORERZELTIEL-TAAINVE VBOY -7 H33EL o7 (Fig
)W, R=Z2A54 D) 4 XbHAkSE/ (Fig. 8). TOZehs, AERTIEIxI0 M F4+¥7
VA R ET 0.4x1073 M Fe(III) — 0.02 M HCIO, &% SOSHICHH L7z. 72, L-7T A3
Y VB OBEEAME B OO IIZEED L 25 L) ICHIBREDTFF V7 VA F v EEL IS
EHL, L-7 A2 VE Y BROREDECEEOSHTIIIEREIMEL 25 X 5 IKREOF+ 2 7 VA
T EECRSEAEMEHNT A2 LR TH LI L 507
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Fig. 6 Effect of concentration of iron (IIT) in the reaction solution on peak-height for L-ascorbic
acid.

[SCN™] and [HClO4] in the reaction solution were prepared to be 1.0 mM and 20 mM, respec-

tively.
25
 0.007 M

o 0.006 M 0.004 M
220 = 0.005 M '
3 »
8
S 0.003 M
£ f ,
= 0.002 M
=
2 =
240 t .
= )
3 / 0.001 M
o

5 - .

/
o 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

[L-H,A] / 105 M

Fig. 7 Effect of concentration of thiocyanate in the reaction solution on peak-height for L-ascorbic
acid.

[Fe(IIT)] and [HClO4] in the reaction solution were prepared to be 0.4 mM and 20 mM, respec-
tively.
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0.001 M SCN™ 0.005 M SCN™ 0.007 M SCN~

1NN A

' -5
7x10°ML-HA  5x10° ML-H,A 1.5%10™° M L-H,A

Fig. 8 Effect of concentration of thiocyanate in the reaction solution on detection limit of L-
ascorbic acid.

[Fe(IIT)] and [HClO4] in the reaction solution were prepared to be 0.4 mM and 20 mM, respec-
tively.

3.5 i+ o

23 DL > CL-TAANVE VBRGNS 5 & EDOMAFA + v OB AEMGET L7z, Table 112
5x107°M L-7 A a V¥ Y Bx R T 5B 3% T oA R L EWE o AR 2 RY. 2
AL A+ v, WA Y, TotmA Y, VUEBAF Y, RULA VA Y, VT AF Y,
AAT Y, SO VEBAF R ERFL-TAINVE Y BERBEORETHEZIRLIZD, — W%
A%, WA E >, EAWA v, ST AA F v, REEKEA GV B L RUIEL o 7

3.6 A + v oiERE

Table 1 [ZRTWEOHPTHEOREIKE {, ERMPBRETIIL LT LMEA 4 ~ OWiERRE
RME L7z, ST, BEA RN v AL LT SR, ThE TR 74 vy — (L
0.45um, 74 A7 OEE 25mm) THBLTHETL LI, 925 mLOARAT T AT 3x1073
M AN A 10 mL 2D, 1x107° MBEEA + v 28 8HRET I v 7 BL U 5x107°M L-7 A
IVE VERRHERE T NN 10 mL 22 T @R RE (10 201) L7z, B L 726mEE N ) 7 A
DkBE, FTAAZTANT—FBLTHHLTH2S FIAZEICA Y Y22 bLIz ZO8EE% Fig.
9IIRT. RETT V7 (BMA A+ ) O¥— 7 mSFBUERER 5 2H»SIEE ALY =7 A%
D, BiEEA 4+ S IZITEAEREITHBNY) YL LTHRESNDL 2 e 00o7: (Fig. 9DA). F7-
1x1073 MBRMEA 4 > 2 & 5x107°M L-7 A 2V ¥ YRR O Y — 7 & & (Fig. 9 @) (3,
FOE R 5~50 M OB THEEA + > 2 & 20 5x10°M L-7 2 2 V¥ VEEREHARO Y — 7 B &
(Fig. 9 ol (—% L7z, DT &id 5~50 M ORERNTHREA + 23 A EBEIHRET
X, L-7AINVE VBIZEEICHFLET LI D Gholz. 72, 1x1073 MWREEA + >~ OBFEICH LT
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BEREE %2 10 0 & Lz & &, MR/ N Y 7 A 011 Table 2 1273 & 9 IS ) 7 A IEHOHIE
752.0x1073 M~3.4x1072 M OREHHHNO L X, RIS+ =2 PIFL AL R R, BEsh
BT ENG,;ole. Fio, BBAF UARAEL L ED L-T AN VR ERE L2 R%E Table 312
KT, UEoZens, BB 4 Y EHRBNS)720RBELTTAAZ 74V —TAHBRTHI LI
0, WEEA G VAR O L-7 22V E VEERE RIFICERTE L2 L% o 7z,

Table 1 Effect of foreign substances on determination of 5x10~°M L-ascorbic acid

Added® Substances

1x1073 M Na™, KT, NHy ", Mg?", Ca?*, Co?", Pb*", NO3~, galactose,
sucrose, lactose, glucose, fructose, inositol, nicotinic acid

5x107* M Mn?*, C1=, CN~, formic acid, propionic acid, butyrate, succinic acid

1x1074 M Zn*t, Cd**, Ni*T, Br~, borate(as BO3*™), HCO3™, HAsO4>",
lactic acid, pantothenate, glycine, caffeine

5%107°5 M maleate

1x107° M malic acid

5x107°% M 17, SO427, tartaric acid, malonic acid

® These are the concentration tolerated for determination of L-ascorbic acid (5x107°M ) with an

error of below 3%.

Table 2 Effect of concentration of barium ion on precipitation of barium sulfate.

[Ba®t] / M® Peak height for
1x1073 M SO4%7/ ecmP
0 16.0
1.0x1073M 2.2
1.2x1073M 0.2
1.5x1073M 0.2
1.7x1073M 0.2

a, 10 mL of barium nitrate solutions in various concentration were used.

b, Peak height was obtained at 0.005AUF'S.
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Table 3 Determination of L-ascorbic acid in the presence of sulfate in various amounts

[L-H2A] [SO4*7] Found
Error, %
/107° M /1073 M /107° M

0.00 0 0.00 -
0.00 1.00 0.02 -
2.00 0 1.99 —0.5
2.00 1.00 1.88 —0.6
5.00 0 4.99 —0.2
5.00 1.00 4.87 —2.6
7.00 0 7.01 0.2
7.00 1.00 6.79 —4.4
25

%)

=)

2 20 |

0

o

=)

S 15 F

.

o r 3 -k —k  pm— |

~

] 10 "

=

o

)

= 5 k

AV

1]

)

- W—
0

0 10 20 30 40 50 60 70
Time / min

Fig. 9 Removal of sulfate ion as barium sulfate.

Procedure of removal of sulfate ion (1x107°M) was given as follows. Ten mL of 3x107% M
Ba(NO3)2 and 10 mL of sample solution of L-ascorbic acid with or without sulfate ion were placed
into 25 mL volumetric flask, and the mixture was allowed to stand for various time to precipitate
BaSOu4, then injected to FTA system through a disk filter (pore size 0.45 pm, 25 mm D.I.). W,
peak-height for 5x 10~ %M L-ascorbic acid without sulfate when the procedure for removal of sulfate
ion was not carried out; &, peak-height for 5x10~°M L-ascorbic acid with sulfate ion(1x10~3*M)
according to the procedure for removal of sulfate ion; €, peak-height for reagent blank with sulfate

ion (1x1073M) according to the procedure for removal of sulfate ion.
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Table 4 Analysis of L-ascorbic acid in soft drink samples

The previous

Samples The proposed method
method®
Found (mol/L) Original sample Original sample
(mol/L) (mol/L)
A 9.00x107°" 2.25x1072 2.15x1072
B 6.70x107°" 1.69x1073 1.56x1073
C 4.67x1075¢ 2.30x1072 2.23x1072

a, The FIA method using iodine as a reaction reagent.
b, Obtained for the original samples A and B diluted 250-fold.
¢, Obtained for the original sample C diluted 500-fold.

3.7 WEHERDD L-7 2 2 )V € VB 5

RFEI L o T3HMOBEOOEFHEARD L-7 A2 VY YA L, BRED XS #2 BUSHIZHw
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LCHinz, ¥—27oms (AOY—2 ORAE) ZEICH L T7ay b LMEHIIENZED, B
HZR DRI 0.005AUFS I2L72& & 1.0x107*M £ T, 0.002AUFS I2L72& & 3.5x107°M & CTHEM
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0.002AUFS T2x107° M j#EZ 11 F#E YR LA L &, P 2.01x107° M T SD = 1.67x10 7
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DEFE 25 mm) THBT DI ETRRA A > 2 RIFICKHRET 22 E3T& 72 KEICL-T3MoOGf®
DOEFMEAKF D L-7 AV VRGN L, TOMPEEBEED L) FE ISRV 2 FIA i [10]
WL BN RE R L2 2 h, FEREAENT L.
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