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Abstract : A simple and precise method for the determination of arsenic in hot spring
waters and thermal waters with hydride generation and atomic absorption spectrometry
using either a heated quartz cell atomizer or an argon-hydrogen flame was investigated.
The interference from iron ([[), chromium (V]), nickel ([[) and other several elements
in the generation of arsenic hydride had been eliminated by the addition of potassium
iodide and ascorbic acid. Recommended analytical procedure is as follows.

Transfer 2 to 10 ml of a sample solution containing less than 250 xg of arsenic into
a Teflon beaker. Add 5 ml of 6 N hydrochloric acid, 1 ml of 209% potassium iodide solu-
tion, and mix.

After letting stand for about A0 mimutes, transfer the solution to a 25 ml polypro-
pylene volumetric flask. Add 1 ml of 109% ascorbic acid, and make exactly up to 25 ml
with water, and mix. If the sample solution is known in advance to contain refractory

arsenic-bearing precipitates, digest them with 1 ml of perchloric acid and 1 m] of nitric
acid, and evaporate the solution to dryness. Dissolve the sample by heating with 5 ml of
6 N hydrochloric acid, and proceeding as described above.

Feed the solution to an automated hydride generator with 1% sodium tetrahydro-
borate solution and 2 N hydrochloric acid. Introduce arsenic hydride to a quartz cell ato-
mizer or argon-hydrogen flame with argon carrier gas. Measure the absorbance at 193.7
or 197. 2 nm, then determine arsenic concentration using a calibration graph.

&
P

When the high concentration mode of the instrument was used, reasonable linea-
rity was obtained for the calibration graphs up to 0.1 mg/kg at the quartz cell atomizer,
and up to 10 mg/kg at the argon-hydrogen flame. The limit of detection was 0. 0005 mg/
kg arsenic for 10 ml of the given samples. The relative standard deviation was smaller
than 7% for a content larger than 0.014 mg/kg, and recovery was 97-101%. The method
can be satisfactorily applied to the analyses of a variety of hot spring water and thermal
water samples.
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TEBTEMREENTWBDORERTH Y, BRKPH

BEROBARCHRAIC L 2EFRPRIIE Cmbh TR

D, BITEEOBMICELED L OIRER PPN S,

EEROoERC L hE, 0F0.Tmg/kg Ml EEEHF T
BBARITKIBE DM PEFEDE VTP b O THRE
RELTHRIZEVFRTHS. —F, OFELEHITH
WEHEFLTRY, BEFROBIEEZBERLE L T3
IRELYE B D SRIERF S (BFD 46 42) ic L, Bk
POORKPTEDEYDOIREX As L LT0.5mg/l
UTEEDHLNTWS., ZDkd, MEABEECHAS
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KFEDOVOESHEE LRI OSVFICERT 52 &3
TEELEDh 3.
PERBRHPOVEIR, T LTYVZFAVFE AN
IVBBRERAVAIREREEL Lo TEESH TS
(BEH &, 1975 ; fRE 5, 1980) 23, Z Dk Tk 0.01
mgkg UTOUOEFEHRCEETSZ LIXRETHS.
KFAERES B RET 2 R FEEE Jiud, LET
BT TN BNy FEEIZ X - THHEJIKRLHEAKF
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EEEEREL VWS, i, EERT Sh TERY
Prisfest ) GRRTFs, 1978) I EENAIR & M ek ©
77 AP ER@EBIECMuAkFEERESE, ThERTF
T CRIE T 5 ESTER I TN 5.

BB SN AR R EE LI E S
7 b A F -2 AV SRFERIEER, kB~ TO
(kSR DRAEBIEPEE T, SHEELT TR Y,
KZEERAP O 2+ & (TERASHIMA, 1984), + v o
(&H: 5, 1984, IMAI ef al, 1984), U\, 7L FE
(FE, 1984), =X (TERASHIMA, 1985), DEEICHE
BAEh TREFRFERIELATWS. 4, BRAKFD
VDR DEM» STHE S EREDOMSL 2 HEgL LTERD
KR RAEER LMBAEHEE LT b A F— (X
BTN —KFETVv—b) EAVIFEERML, &
B OUEREERIE 21772 5 Z L 72 < 0.0005 mg/kg £ TOU
FPRGEREETER TELOTHRE T 5.

A ETROCY Y, BAREMFETERISH, =
ZERBHASHICRBEVKEB ORI S Y [FEEZ W
W, HUBFRATT M B e B B AR IEE 5 B 1,
BRBEE LEELEROREEZZ T, B EILE L
LT 3.

2. RERUEE

2.1 & ;|

OFEHE R - R T2 0 B Tis HREK
(As 1000 mg/kg) /miEmR (W1 2N) THRLTHY
7.

FThIe FedsvERFT ) AR 1%) @ FbHisg
TEMOFERRAIE10g 2KBRILT NV U L5g &G
ToKICESMELT1L & Lz,

a8 ufbh VU LR (20%) - ek a v kb Y U A 20
g BAIEPLTI00m & L

TRaAAE UEEE 10%) Bl L-7 2aAr e U
10g ZARENLTI0mI & Lie., ABEER I 7k
BV AEIRIZEAIE LCERSH LT L.

FOERPACEREIN TR OHERERR THY, K
VIFRBAKE A+ THRBE TR L b DEFER L.

2.2 % B

BAS Yy — LT v afkilo AA-781 BIEFHL
SYTEEE L R MOBEGKE ) FA%EE (HYD-18)
BROKFOMBIR TR FE VT vt ¥ —,
HYD2#8) #HL, XHELTHE, ERA =27 2
BOOEFERET v 7 ERW.

B REEBDO T vy s ¥4 Y7058 1
HITR L7z, BT LT 58EREIE~1 7 2R

HIRK EREAKRCHFEEROEKR
Schematic diagram of the hydride generator
(Nippon Jarrell-Ash, Model HYD-1). @ Peristaltic
pump and controller ® Gas-liquid joint ® Mani-
fold @ Water-cooled reaction coil ® First gas-
liquid separator ® Waste water bottle & Condens-
er Second gas-liquid separator @ Buffer tank
@® Flow meter for carrier I @ Flow meter for car-
rier II.

VI Y o THBRICEASH S, ETTRARTHE
EBBRAEIN, XV U aMEELRD. ZTT
BEATHAT I Fek Ui Y 7 ABIKRLEBES
Sh, RIS LTMEARDBRAET 5. Rtk Lic MEAR
B VY —FROT ATV E - TE 1 SIRSEEE,
avFod—, BLRESHE, Ny Ty ars BER
L7z, BEELT bvsF—~Ebhd. 2B, BEK
WA DI ORBBIRE D 5%, BECKR U TEBEORIEK
BRI EHEAT B0, AP TILLERR 2 - 7z D THik
ZiEA L.

FHENLT bvA ¥ —1F, BRIFKAR) LAEMD
R 2 N5 HRE 5. BRI ORKIRER 1200°C, RE
DOHRBRERX £20C THY, BN EALDOE XX 140
mm, NRIX 1l mm Ths. A7 hvAfF—I2k BH
BT, B bRE DERVWEIESRM 23%E LT 0.2 mg/
kg DL OBRE O OROERERETH 7. T2 T
BREOVREDEREL LT, AEELT oA ¥F—0
KYVIRT AT r—KET v— 2 AWV BEE R
L7z, AW/eA—4—3 0.5 %100 mm OABR R v
FR—F—THY, ZOFEICIIT10mg/kg FREX
TOVERFRTEHI LR EETETH -2

3. ERRUERLER

3.1 BIESRMHFDEE
A CROWEBUEREEHE 1 RITT L. OF

—336 —



AR ERR TR L2 BRK « BUKF O UROER FIEAS - 55 )

DEEICHERTE 55 EICI 193.7nm & 197.2 nm
By, BRERRMEOHFBIK2 FEV. BE OEBRIX
197.2 nm TIF RV, ICEREZHEL T 554 193.
7 nm & iz,

KB R EEB~ORBEEERROEAER 10
~20miF B ERDZ EVNTE, BIROBARE LS
VIR S TR FI DRBRICH o 7c. JRAIE U TERBRE
W AR 15 mi/5y D&M 2&E Lic. 3RHER & ki
REEE~EAT SHBBBEE 0.6~6 N icB S TR
LI, FOFER12~6 N OfF T iF—E DR IY
EXELNICDT, WBBEZZN L. 7 b7 L
Fr&y@T by AREROBER 1Y RO 2% 220
That Lic, RAUER L% WSRO FBE L, 2% OEIK
ERWT OIS DOTHINE L i 5E0F )it d -
7o DT 1Y% IR & vz,

FEENT b A F—DRE & RIEDBRIZ W,
M & (1981) HREOHMEHICHIIELEHL 25 &
B|ELTNS. L L, KIFFEOFKEER Tk 950~1100°C
DEHEFETIIEEZRRD SNARD 57 DT 1000°C TH
ETHT LT L.

TAT kT L b E AN BEFLETE, T
TUHBER—EE LG AKBRELEME 5 LRI
AR L. LeL, KBRREFPZBES L 71— A

wl&k WEEH

Operating conditions for arsenic determination.

‘Wavelength 193.7 or 197.2nm
Lamp current 10 mA
(Hydride generator, HYD-1)
Sample solution, feed rate 10~20 ml/min
NaBH, solution, feed rate 6~12 ml/min
concentration 1% in 0. 5% NaOH
HCI solution, feed rate 6~12 ml/min
concentration 2N
Argon flow, carrier I 0.1 //min
carrier II 1.0 //min
(Hydride atomizer, HYD-2)
Temperature 1000+20°C
(Argon-Hydrogen flame)
Argon flow 6* //min
Hydrogen flow 5%*% [/min
Height of light beam over the
burner 5mm

* Air flow meter. ** Acetylene flow meter.

25~

As 0.02 mg/kg
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Relative absorbance

1 1 § 1
0 0.6 1.2 1.8 2.4 3.0
Concentration of HC1, N

E2M RHBERFOEBRREORSE
The diagram showing effect of HCI concentration
of the sample solution on the arsenic absorbance.

Relative absorbance

As: 0.02 mg/kg
HC1: 1.2 N
|

| | 1
0 0.6 1.2 1.8 2.4

Concentration of acid, N

#HI3M REBRKBFOBERR WB WREEORS®
The diagram showing effect of HCIO4, H2SO4 and
HNO; concentration on the arsenic absorbance.
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E2R HERIOEE
Effect of various elements on the absorbance
for arsenic.

Absorbance
change, %
Amount ——m4m8M8M ™ ——
Element Compound as element Without With KI
(mg) KI nor and
ascorbic ascorbic
acid acid
Na NaCl 100 0 0
K KCl1 100 0 0
Mg MgCl, 100 0 0
Ca CaCl, 100 0 0
Mn  MnCl 100 0 0
Ti TiCls 10 0 0
Si Na,SiO, 10 0 0
Co CoCl, 1 0 0
Cd CdCl, 1 0 0
Pb Pb(NOs) 2 1 0 0
v NH,VO; 1 0 0
Zn ZnCl, 1 0 0
Fe FeCls 10 —49 0
Fe FeCl; 100 —64 0
Bi Bi(NOs) 3 1 —16 -9
Cr KzCrO4 1 -81 0
Cu CuCl, 1 -3 -2
Ni NiCl, 1 -4 0
Ag AgNOs 0.2 -3 — 3%
Au  HAuCl, 0.2 ~84 —25%
Pt H,PtCls 0.2 —40 —38%
Se  SeO, 0.2 —98 -3
Sn  SnCl, 0.1 -2 -2
Sb SbCls 0.01 —12 -12
Al AlCLs 1 0 0
Al AICIs 100 +14 +10

As:1pg/50ml * Interference were completely eliminated
by the addition of 0.2g thiourea, KI and ascorbic acid.

BPRERLR-TDTE L EORETRE L. A—F
— EORHEE S LI ETHRIVEDEENI/NE 5 »
e. LdL, REESE/L T2 (7 v— a0 EERITHK
WEBBSES) LIBHOREEISEL RB2ERYED -
7eDT, EHEESIZA—F—F5mm L L.

3.2 EEFROE

REEIRT OEBBEORE L MDD, UFE L pe
EAZ7IRa 0m) HRL, —EEDOEBREMX

THIE Lic. FORER, HEEE0.6~3N o#ZiFEcit
BE—EORIEIE N GE2R), >Fic, HRE
ExwTFhbl.2N 25X 51L, Zhichomo
BEHLBEZEZTRML, BIELGE3IX). sk
VIR D 0.6 N L LIZBDREER, WEREED 0.06~2
NRBREDREZEZ . BEARPBEKTIZZND O
PEEBICERFINDZ LRRWO THICEEIZ R WA,
RE ORI W S DB E AT 500 TIRERRE
TARHEOREEPVLETH D, T, HRRICE 2ADIERE
i, PEHATR E 90 LI BIFEIRE S 5 LT 5|
mad ol

3.3 HRERSOREL T HOUG

O% lpg, BEBRSMI 2 X7 522 50m) ity
L, Zhicholgseesheh@RliciEmL, 208
BER. TORR, FRIVL, BYULA SR
VUL, AV A, wUAy, 39T 100 mg, F
Zy. FWEZ10mg, = 0N FFIvA, £,
NPV n, BRIl mg BEEL TLEELRP T,
LAaL, g, 7=a(D), v (V), TrFEY
(DELH-OPDOARRBAEDERELELLE2R). Th
SOFHEMHET 27D, FTFLIRELRNTEHE
(PEACOCK and SINGH, 1981) Z#at L7z, FOREE,
ZROK(DP{FET LAy 7 7570 v FRIRBAEL,
BELLARDP T, HOPUHT R UBERML

20k . FetKI+Ascorbic acid

q
S 15
=
©
Q0
~
(=]
w
a Fe+KI
o 10
z
s
<
o
3 Fe alone

5

As: 0.02 mg/kg
ol—L I 1 L ]

{(
N
01 5 10 50 100

Added Fe(III), mg/50 ml

FAR SKIDoFHBLavbr V2R T R
2L E BRI & BT H O
The diagram showing interference of iron (III) and
their elimination by the addition of KI and ascorbic
acid on the arsenic absorbance.
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E3F% ERBEBITSI VIV Y LLTAIAE CBRIEMOHE
Influence of potassium iodide and ascorbic acid on the determination of arsenic in

selected not water samples (As, mg/kg).

Sample Added KI and ascorbic acid Without KI nor ascorbic acid (B)
No. 1. 2. 3. Av.[A] 1. 2. Av.(B]  [AJ
SG- 1 0. 0020 0.0018 — 0. 0019 0. 0004 0. 0005 0. 0045 0.24
SG- 13 5. 60 5.57 5.63 5. 60 5.62 5.59 5. 61 1.00
SG- 16 5.08 5.30 5.16 5.18 4,78 4. 60 4,69 0.91
SG-105 5.43 5.50 5. 56 5.50 1.70 1. 60 1. 65 0.30
SG-119 0.52 0.52 0.50 0.513 0.19 — 0.19 0.37
KB- 3 0. 068 0.070 0. 068 0. 069 0. 068 0. 069 0. 0685 0.99
KB- 23 0. 0038 —_ —_ 0. 038 0. 0036 — 0. 0036 0.95
8
A
5 [As] [sb]
2 6F - B
oy
w
~
o - 4 - -
%]
=t
o
=
=
g o -
_A A
—+
¢ c
ok e -0y | L P 0
| 1 1 415_1___ 1 1 1 ,ff |
0 50 100 1440 0 50 100 1440
Standing time, min Standing time, min
S5 FIABARTFIRANLOVELT L FELOEMY

Relation between standing time and dissolved arsenic and antimony. A, B,
C and D are different volumetric glass flask of 50ml containing 4000 mg/keg

of fluorine in 1.2N HCI.

TE(D (I KB RE L T LFFREEMADFHE
(TERASIMA, 1984) i v 7 7' 5 » FIRIITAE U b
o7, 7 u s (V) OTHEIMHE TE b ol. ThiC
SLTa b Vv LT RINECBRERYSTEM
fils (UEE 2y, 1981) 0%, EFKBHFEHETEN T
YO TEMTHY, (), 7AW EELDHE L
OTPIE TERE LR, £2F).
FEROFECE > THHOPOTEITEET IR, =
nondbé, B, AE&OTER, FUvb Y vL T
ZANE VR LI FTREEME AT LT X VT
X5(E2%). VREDL0FEEEANEDOE 2% R,
T T VEAR EER LT WIERBIEE T 5%
EOTHEFRITHEIT HRIIZRY SR hr ol L

LI DOLREDOHRFARRORELFEEDY, Zh
K0T DEFICRBIC 2 blsn e Bbh b
—EOBRPBKRBTCEF SN AHS T, KLV
ROEBEEETH0EREUD LEZX GRS, LA L
FULAFEORTHEYEIEE SLHHEEEE(I &L
THEEL, FHERIAVWI L LTFRIEhZ. 22 TE
BOBRRAKRE TREICOWT, IV I v AET 2=
NEVEEERRINT 541 OFEL, ThoOREERM
LEWHETOREYERL, BREEIRIORLE. Z
DEPLDLPB X I, 4FEOREC >V TiRa Uk h
YU LETRANECBERMLALTL 9 LoD
EREBSNEY, 2FFEDIEHEEOHELIELN
ORI LSS, ZOREPL, FUBYTLAET R
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aNEVEBRERIM L 2V HEDOERMERN I W HE L
7z.

3.4 VEROFRIZEET B4

MEVROERICRBV TR, REELLDOVEDERA,
FEREBERE P ODUOROHEMEIC X 515§ E TS B1210/0
ELTBREND D, EGKBER—RFENE T
%, BI—EENEENICEAISRET FIL Faky
B M) v AFOORRME SRy, 41 GRS
BETIE, HRHCnz 2558, avikh U v A, TR
VEUVBFROUOREPERSLIBINLESGE T
0.0001 mg/kg MENZNLUT THY, —FDOBERK
KRB OO TR BB 72 5720 5 7.

IE (1982) iz khid, HilROH 7 2 E—% (50 m))
FOVESHEX 1~1200mg/kg TH 0, ZhicKkE
T bY TABEK AM) AN T 24EBMKET 25K
KO.25 pg DOEIHEMET 5. BREAPHKITIZLZED
PoREEETHLOBDY, HT A OUEOEH N
Z22zohd I T HTROTIRART7IT 22 B0
ml) 2553 200 mg (5 o1bF b U U A EFKICE? LI
b)) LYEEEE S ml A 4EL, KT50ml L LT
ZOREERLL. FOERE, A —h—SRMEERICE
STREZLDD, 25 HEOBE TEKT g DOEN
WHLZ@ESK). BUHETT 5% 2 blE Lich,
URFERICRERS e BERRN S, 5T, &
BN, RS/ TL2RBDVRDOEER CE—HRITHEK
ENTVWBYT T RBEDERRSITBETHAH. &
B, KFEHFEEBDOV 7 ZAERMEAA vy 7 2T
HY, DFFRBEHLR» 5T

3.5 FRRMLIR(-BE HiRET

4.1 OEERIET, BKICHERLI VD) v AER
EMATH R 1 BEEET 5B EFEL LTAS(Y)
% As(l) BT 57D TH 5. NADKARNI (1982)
T XhiE, BAEPOUVEDOER TR OREER
a2 e VU AR A THHER Tk 1 B, 50°C
TRADFIGHE T 2LERD D, KR TR LR R
=4} (SG-105, 119, #53%) T 0 S OHETL
B2 ERE ORI RN, E20d LI E Lk,

TELRAKOBAEE TR IS BY D T BEA R
ZV. BT OERREE SN P E I hERE
W, SEH RO S L CIHEBEOE DLW 3ED
Bk (8 5 %0 SG-17, 18, 27, WFh b kBRI aE
100 ml ¥ niEEe 1+1) 1ml 2iMixicd D) B, T
ROBRE BT -7,

BRBHCOWTEEDEDHZ 10 mIAT LIcb D L,
b e L RESE, ZhzedTlom/ 298|k

bOEFTuLE—h— AR, @BHEER 1 m LRy
1ml 2z CHEEEE Lz, ZhickEi Q+1) 5ml &
A TIMEEMEL, DT 41 0BER1T2 o TUOREE
BLxZ. Z0E, #¥ SG-17 DB EmE PHITE K
BEEEF D o720, SG-18 B 27 It >\ T ik L& &
WORESER LIS DI I0% EWEER L, &
2, %S DT 10 ml B LREHE W T, @
R LRI X - T 21T 9 2 L7 < 4.1 OHfE
TOREERE L. TORE, BHERE & HERIC X 240
BEITR SBELIEL AR UATESE L. 2
niE, ThoRBP OB ITEE LTr (8B L REBE
ThY, HEEI VLY v AERENA THRET S

LTORMEH LR LEDRS.

AE (1955 a, b) FFFEIRR DERILES T D ORI
DWTEEH RTFGE B 1TV, O(LFERR X AsS, TH
BLiERTVE ZOMUOEDOHIBICIETR
(AsS), H#E (As,Sy) EEBOLONHNTEY, —&
KHAERICIERTH 5. #f > TR LB EET 5
A B EES L IR X AABEALE LR b DS, B
SRR K TR, T U X 5% ORMEiBERR LR
THHEL, UVBEERTAIFERT CBEEh TS
(TERASHIMA, 1976). Z OBz Lhid, D @EREF
KRBT 20RDER G2, Bt e 5o bkER, B
R, WE, W A UBMh Y T ALk o TRELDE
L7Ba& LB L A YR UAMTEME SR B,

4. EBAKRLERRR

4.1 BRIk - BOkROUVEDEESE

AEAEOHAE i TRARB 2 XY =5 L o RER
CHEER Lz, 20100 ml it oW CER (1+1) 1 m/
EmaTBL. REEZLIRAL HRYOLBEAIT
IheEBEsyE, 2~10ml %5 7uv v E—%— (50~
100 m) W5 ERT 5., i A+ 5Smlavikh vy
LPEWE (2096) 1ml 2N %, M1BMHEETS. &Y 7
PELUXEFTRAFy I ROA 7T Ra (25md) i
BLAN, 72anyE UBEE 10%) 1ml 2 %724
ATELL 25ml &L, HEHRKE T5.

b LibB O UK ERBETHEH L Tnln iy
W T & BBAIE, B LCRENCGEESER 1 m/, mERl
ml 20 249 200°C DBK | CRRER TS, ER 0+
Doml&mz, MEL THEMLIE, I v{kb Vv A
WIREMA, AT B L RIRRICERIE L CRBRATK 2395
+5.

BERRRY : ORBEERR EEREHICHERL,
0.00, 0.04, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10, 20, 50, 100
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EOR MEAEEEALT heA¥F—HWEEAD
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Calibration curves for arsenic determination by the
heated quartz cell atomizer.
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As, mg/kg [ B ]
L | 1 ] 1 |
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As, mg/kg [ A ]

EBIR 7rdr—KE7Lv—2EfAVEBEEORER

Calibration curves for arsenic determination by the
argon-hydrogen flame method.

200, 400, 600, 1000 ug DUVFEE A 27 F 2= (100 m))
AR T 5. FhFNICEER10Om, 3 7{h )T Aa
YRk 20%) 4ml, 7R Y VBRI 10%) 4ml %
MATt%, KTEEET .

BIEERE  RBAKRET P Feh @ Y UL
Bk 1%), HEE CN), ik HEIRE) &IicER K
R RELEBCBAT S, F1ROFHICLY, UF
BEH 0.1 mg/kg YT OBEIETARELALT b~AF—,
ZhU kR 7T v r—kET7v—-A2EHAVWTAREL, #
BRSOV RBBEERTOORBEERD 2. HEOSTE
KR THRIREFEHEL, RKPOVORBEZRDS.

4.2 B 2

MBEEENT bvA F—FHANTCBEDBRERO—
FlEEORC, 7NV —KkBT7L—LDEREETH
KR LIE, WFRORICR T (A) DREMRIT T X
BIEGEVEEGEEIA—THZEEMHLLTRY
BIREBEDCOZRDOEEEZHNL LD THS. §
8HITix, MEVAEEE LT b=A F—E B, HITEE
193.7 nm CHEBOBBILKE 2 fFIC LTHIE LGS
DEGHEEF L. ZOHrbbn5s X 5i, 0.0002
mg/kg DORIEHRPCHARBDZ LB TEBD, &
REEBET 2 LB 00,0005 mg/kg % TD UK
EERETHS.

4.3 SYHTHEE L [EHNER

AEDODHREE L EREXRI T 27w, 6 BORR
BHZOWTOREZEFEMLEWHER T 1 pg Xix 20

0,008 mg/kg

0.004 mg/kg

1 min 0.0004 mg/kg
3
Blank
| 1 | |
0 20 40 60

Peak height, mm

HEOX MBEEELT heAF—ERAVEEBEED
FEERAR D — 4]
The recorder tracing showing reproducibility on
the determination of arsenic by the heated quartz
cell atomizer.
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Relation between arsenic and chlorine contents in some hot spring waters and thermal waters.

WAK SWRKELEIRR

Precision and recovery of the present method.

Sample Taken Added chgf R.S.D. Recovery
Moo ) () ) () (%)
SG-101 10 0.0 <0. 005 — —
SG-101 10 1.0 0.98+0.02 2 98
SG-127 10 0.0 <0. 005 — —_
SG-127 10 1.0 1.00%£0.03 3 100
SG- 18 10 0.0 0.14+0.01 7 —_—
SG- 18 10 1.0 1.15+0.02 2 101
SG- 27 10 0.0 0.88+0.02 2 —
SG- 27 10 20.0 20.7+0.6%*% 3 99
SG-119 10 0.0 5.13+0.12 2 —
SG-119 10 20.0 24.6£0.4%* 2 97
SG- 34 2 0.0 9.34+0.24%* 3 —_
SG- 34 2 20.0 28.9+£0.6%* 2 98
* Average value of three determinations with standard
deviation.
Hk Determi‘ned by argon-hydrogen flame after hydride
generation.

R.S.D. : Relative standard deviation.

#g8 DOFEHERM LICFHE I DT 3 B OREHLE & &
BRERIT 2V, THE, RS, £E8REK, ERE
R 4%). Bk 10 ml iz 058 0. 14 pg DL EAS
EH INIRBOMTICRT 2LEREKIZ 7% LT TH
Y, E7REURERS 97~101% OHENICH Y, BERV
EREDOWTRIZEW TS BIF R EER.

4.4 BRk, BkhOUVROEEER

HALHIS RO L Licn o Ok D RA, Bk
FOUREER LHREEPE SRR L. Thbn)
b RBHBFEER OBUKF OVHERIC DWW T 10~13
mg/kg DENREINTRY (EH - EF, 1985), &K
HEORER (SG-8;12.17, SG-9;11.30 mg/kg) biE & A
PRLTHB. &0, KERTORIER FJIER,
EFRTOEREMIARER OMAKT5mg/keg kO
B S bz,

N B2 1956) 13, BUFFRRTOOEEHREL,
BRPDIIORIBRH SN L H%E L, RIFEHR
2B WT bEbARIRE 2 123 mg/kg DERER (SC-
127) OFEBIH O OFEERE L 0.0005 mg/kg LT TH -
e LarL, BifbrksR 1~23 mg/kg & & Tefifl DR SRK,
Bk HITEE 4.67 mg/kg DOFERKRH Shiz (&5
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Analytical results of arsenic in some hot spring waters and thermal waters.

HE5E BEK-BKRPOROERRER

Salr\rrlcfle 'R A& LR RASFA R %@L PH %m%/%g (m?/?{g) (mg/lkg) (mgl;kg) (mI_gI7§g)
SG-1 BEEER BEEE TR RAT 1980.S.55.9. 2 90.1 2.75 230.0  0.0019 —  0.13 6.82
17 HERIER v " v P » 9.6 90.7 1.97 1,905.0  0.0079 76.23  0.13 2,56
18 FHOBESR(F—V v rH) v P " v » 9.7 96.9 4.23 1,006.0 0.014 41.66  0.13 0. 00
27 HERRANE v fUALER E R AT P » 9.8 75.0 2.65 694.0  0.088 70.03  0.63 1.72
SG- 8 KEHBFEEHT (0-8 R #k) K B BE A T UIB R AR IR v » 9.4 96.2 7.68 2,450.0 12.17 638.23  3.78 0. 00
9 v (0-5R 7 ) v " v " » 9. 4 96.4 7.68 2,168.0 11.30 585.04  3.80 0. 00

13 &)IEs v BEATHAEYE v » 9.5 96.9 839 1,103.0 5,60 265.93  5.13 0. 00
105 v v v " 1981.5.56.9. 4 91.1 8.35 1,104.0 5.50 257.42  4.73 0. 00
127 BRES(E—Y v 73#) MRS TR BT IR ’ » 9.10 54.8 7.08 3,175.0 <0.0005 326,20 0.18 123.46
SG-16 EJIE & Bk E A IR T 1980.8.55 9. 6 99.1 1.15 3,785.0 5.10  3,279.77 73.75 2.56
34 BIRMEMBMFEN B3 SHEK) EAFRAFHERE " » 911 99.9 8.42 2,710.0 4.67 1,134.62 5.13 3.41
35 v (A-2 23 ) ” v P » 911 100.2 8.52 2,730.0 5.28 1,152.25 5.50 0. 00
119 $TYER Bk B R LK BRI T 1981.5.56 9. 8 52.6 7.16 5,720.0  0.513 2,602.54  2.10 0. 00
101 WS LRR HER- GRS ES ” » 9.3 12.9 6.45 17,260.0 <0.0005 6,169.52  0.43 0. 00
120 ) @@IA) Bk B AL AL ES " » 9.8 14.3 3.37 138.0  0.0057 3457 1.21 0. 00
KB- 1 HhERR(KBIE) B RS 1985.5.60.8.26 94.6 8.95 780.0  0.144 91.28 — 2.62
3 " v v " v » 8.26 63.7 8.05 574.0  0.069 56.17 — 0. 00

9 BoRER(EHH) r KETHT " » 8.27 87.2 6.80 1,290.0  0.044 315.95 — 3321

16 HEAES (R HELEFEHIBES ARMESH  ~ v 8.29 92.4 7.05 809.0  0.028 177.29 — 1.75

17 " (r) » v v v " » 829 76,3 9.06 1,211,0  0.099 300. 16 — 2.62

23 IR R RIS HE B R AN RE R " » 9.1 55.8 213 717.0  0.0038 0.35 — 0. 00

24 v (IRO%) v v v p » 9.1 56.5 2.54 620.0  0.0020 1.39 — 0. 00
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WEBETRBR GEIE H65

HE6FR KBOHEE—T LI URETL—LEE
LR —TEtF LI V- LRI BEECE
o g
Comparison of results for arsenic in selected
five samples by different analytical methods
(As, mg/kg).

Direci; atomization
by air-acetylene
flame

Hydride generation
and argon-hydrogen
sape " i

1. 2. 3. Aw. 1. 2. 3. Aw

SG-8 12.0 12.3 12.2 12.17 12.4 12.1 12.25
SG-9 11.2 11.4 11.3 11.30 11.0 11..2 11.10
SG-13 5.60 5.57 5.63 5.60 5.4 5.25.5 5.37
SG-34 4.56 4.80 4.65 4.67 4.8 4.6 4.70
SG-35 5.25 5.30 528 5.2 5.0 5.10

£). TOZLRBERTH > THRFEOHE LMD S
FEOFRRICE > TRV DUREREFEINDZ LEEK
T5LEbh3.
RRARBK P OURBE, —ARICHEFBRELED
MBMEEFTLEEDRTWS., £IFITIE, K4, RERE
TORRKRUEKRE 26 >V TOE LEFZOERK
BRLIED, BERGREMBEERLTVS. LpLA
MBS, ZORICE 5 RICR LIz KB R U EBIRH B3R E
FiOBKPEIEBRDOT—2 &7 vy b T5 L UOFEERER
EARTHEEPBD TZ LN B35, 202 213,
VFE LEFROFHB 2V TH RIRCRIFOHEAIRE DR
EPREL, SHROBHEXLBEL T HHELEDLS.
45 THE—TEFLUIL—-LICEXBVOEROEEE
BEAL EERR
KBRS EFI T 2 R AR SR TRE
DR, SPTEE SRR S T Ch 505, Mk
SOFTHEMH T2 ODBRELLEL TS, BE DK
FREDITCHNONALEE—T F L7 rv—Aait X
BUOEDEE TIIREREN b D OMEED DTFEHII/NE
{, BUBKECER ShABREDVRIZEEEES
TV GhEIED, 1978). 2T, #5RORED H
5, VREFE 4mg/keg U EDS KRB E2BE, 0F%F4
~14 mg/kg (EEREE 0. 06 N) D EHEEW R & Fv T
BE—TEFLr7U— AL AEERERT R o7
ZORER, 4.1 TRAToARFBFBE—T V= —kHE
TU— LR L2NWELBL —BLENIELNEES
R), BEEDUVERZES—TEFLror7r—Aaick?
EEZENUETHIILBbh ok, g, 7TATr
—IKFET V- ML BEREEE DR L, BEX
BE—T F L7 L—AICHRTHIOEEFENLDD,

KBRS ORBIRE (, ERLHTELE DT & 1HH
WCh T

5 &8 b Y Iz

EH AR ERRFRIEEIC L DIREAK, Bokho
URDERLEEWRE L, ROBHERL.

1) EFKRFRCERER L MBREENT bea Y
— RV ARTFEAHEEED THEETH D, 0.0005
mg/kg ETOORIPEMOBREOBIELZITRIZ L
BLEETE., BEEARILHERERL 7T T —K
FT7LV—AEAVBFRIR, BREDVEDEREICER
ThY, 10mg/kg BEETOOREBFRT I 2L
EETE .

2) &), 7w A(DEN22DORE, Mk
ROREFHET S, ZOkd, SELUIBKCERS >
Gufh )V U AERML G BHFEL, 7231y
CVBEREMA TEAEK E 75, b LB P IROR
PER ESNDHEL, BKkP IRy 2 RE S € THI
L, BERM L HRIC X DA AT o 7ctk, HEMIC
BT 5.

3 —WEHEINTWEY S AEB» O, i
Lo TR pg VIV OUENEHT 3. TORDHED
ROBETIE, F7rrE—p0K) Fu 'L 8o x
A7 AARHNBEZ EHEEL.

4) Kplz kv, 0.0l4mgkg U EDOEEEET S
BEOTEREL 7% LT T, BEINERIE 97~101% TH
ol BERFEK, BOKRBPOUOEEERL, BRER
EREBX.
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