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LD EFEDRFE/ADTE
WA B, Reh WE ., TP Wk, E EEr
(1976 &£ 6 B 19 H2%m|)
R, V) 2kFbxrvREFryvaEileavibr Yy v 20REETHZAVCEILKELE
2, BE-AXKEIV—-ARCEATHIEREOB VL REOEREEREZR Lz, KELKRVESF

F U AEFIE KB YEF LY VAR IAY VERALTEEL, Zhi247 5~ FMZAATHY
2. ThHITE - T RIGBIIARF O SIMI AR REL R D, BHCERWL c{bKBOHELRXITH > EBTE
oo Blzavibh Vv ARREIRLI LRI - THFAF VOTFHEZRIBIIMHTE L2 2B W
L. TOB, 72Vv—ACREE»PLBVWOLNTELTA T V-KELRZTRBEHICERN T EBE-KE
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BB D EREEMEE & LT, RIS SR
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DERHETDHD DD T ZITHRETS.
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2.1 o
MEFIRFTH S BWIR VT NTEREEZHEVW. K
A A VEBKERAVE. X, ThsORXRBEBRWERED
AR TNTCF Vs v v Hobo2FRAL .

bR (D) AZUEpWE : =B{be K (As,Oy A A7 HL)
0.660g XokEgfbF- F vV wva 2g % 10ml ©KITHES
L, KTIEMIZ 500 ml {Z L7 (1000 ppm). FEERITE
LT ZDOBEREZKT HRLT 0.20ppm ZLTHW
7.

eE (V) EEEWR: e By Y v s (KHASO, 3%
HI3EEL) 1.201g % skiziEs L, /KTEMIZ 500 ml iz
L7 (1000 ppm). FEERRICKELTRZIDBEMREKTHR
LT 0.20ppm T LTHWR.

2viL # vy A (WOw/v%) ¢
(KI) 40g #sk 100 ml jziEs L.
KEMFYEF L VT AR AFELAYEFL Y Y
AR CRILES®) 4g L r 4y v (Flufbgl) 2g
ZRELHRHTEIL RAL, 2M 7 v E=7k (2~2.5)
ml 2Nz CRRPBEVW_—R PRIZT . ZO_—R}
EFRL7AI =y AMORAE (ROBERE 8mm, =
X 3mm) [ZFEDH L. ZhEREF Yy — & —dhitAh
THAOKRTMPEL BEICEER LR, A2 RAHR»
LIROHL, BIERESBIEZETS. COoX 5K LTHE
WLAERIBYE2ZVOERIN 0.15g TH 7. 8
FEFEBILY vEANRALT v r — 2 —hTHRELE.
75— b KB ATVEF VYT AERIEELLD
DOHDT, EHE 8mm o475~ 1+ (B¥+7 35—
8 Al Bz ovwTFo /4y v,

TV—2RA A KE (FEBAKEE), BF (BF
BEH) RCT7TArTy (FEBEY) ovwFhi—KA
(Wi 99.99% LLE) V.

:‘le-Ig
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2.2 % B
FEFREH kB BEs AA-610S 2R L.
NeF—RB0ecmzxrmy FN—F—%HW, 71U — AL
EBHE-KE, R T7ATv-kEI7v—-22FRLEL. %
Bl V=2AF v 7~y 28l e RBhERE 57 AV
oo B bKEOREL - HEEBRALAS r—1v L - Ty

o .8 ASD-1A B % Fv 7.

2.3 AR

FISE 22 S REHANE 5 VIt & BEEBBDO —F &
(eFELT lpg DTEZED) &0, RWOTRIER
4ml, 2a9{Lh VY AR 1 ml 2inx, KEEKT 25
ml i35, ZhicrEREEAOREFZANS. ZD
RISHEE % ek FERLE - BEEENCES, FHRE2%E
FHAVKIC LIzt WA Ty Z% “NA4 0827 BT
T5. KA T T — NTRAKKFEILFVESF Y oA
FEM VA2 BB L, FRLARISESRL N A

W7, #E3, L, ¥1ZF :KdD ppb v 1D b ROBREFR; S 771

ERBIERET S, RWTCI A F v 7 RAE—~5 %
BT Z{EE DD, (60~80) FHIFEAT 5 b {bkE
HAZWHETH. REWE I v 2% “ZX 4 —F” KB
| UL THBIREN 22 RSS2 R CHERBRNTL,
WE LoV A2 BRI 25 kFEI L — ahic BAT
5. 0Ok EFFRFICRHFITZES S T e RORFTL
=2 %508k 5. RBCUEa Y 7% “/NARR7 A
BICH EF. BNCRRE T I v 2 Bk oW CRRCEIE
L, 79 0MlE2ZLIVWCRBF O EESR KD S.
JRFBHDOBEELEIIRDEL Y THS.

PWE :193.7nm, 2 kuosy Kig: 194, ,~—
F—DEE (ON— F —Sih 5E ¥ T O EERE) : 8 mm,
JKFEGE ¢ 131/min, ZEFEE : 81/min, HBIZERE

&= : 4 1/min.
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3l BHR-KEIV—L ETPLIV-KEIV—LD
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e bkELE LTT7 L— ACEAT 25513, E¥EHNE
BT X550 FRINOKEWT VT -7KE
T U= ABHERPLD SIS AnHhTnH 1), —
% Fernandez® 17T -7kFET7L— A0 DiTEE
F-KFEI UV~ 2HVTH AROBEREONB L
ETELTWA. X, RELWIERINEETKIBEKY
W& T 5 FED RFBREHITCIr #2R-KE7 v—an
BRETHDHZERBELTVS. 22Th ERicEE-
IKETZ UV~ LB TP T-IKET7 L—u ELRARICFEZD
I BUE, BESHR STV THCSRORAE 25T
H5%EWE, I X MEPLAFRIT HDZLIXPELATH
5. FITCIRLIDODT L—AILDOWT, BREIIL7
NI UIRER —EITRE, KEREEAN—F—DHE%E
ZibE#Trh 52 e ROBMMHEIC RIE T HEL ik
L. zofFRE%Y Fig. 1 w1,

Fig. 1 25 NN— 3 —DEIN 2mm OPSIERL 7
T ETRECIZITLAEENR B vwaS, 8mm
E ISmm OFITRHVWThHERLZAVSIZIBEL
BEZR L7 BREES L TT I 2 OBRKERBR
LEDT D T ERRFE, BICREESRSIIED N
o7 DT, ZOEBRTIIRE-KET7L—L2RH
THZ LI L. TOBPEDOEH/ELT, N—F—0OF
& 8mm, ZHiiE 131/min, KFEHiE 91/min %53
ATZ.
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Fig. 1 Effect of variations of burner height and fuel flow rate on the absorbances in nitro-
gen- or argon- hydrogen flame
Height of the light beam from the tip of the burner : A 2mm, B 8 mm, C 15 mm; Nitrogen or argon flow
rate : 9.0 1/min; O Nitrogen-hydrogen flame; @ Argon-hydrogen flame; —— Net absorbance for 50
ppb of arsenic(I1I); - - - Reagent blank
Table 1 Effect of acidity on the NaBH, tablet CTRIGHESE L e FARPCE L < KIGH»IEE 5O T,

reduction of arsenic in the presence of
potassium iodide

Hydrochloric acid Absorbance

concentration (M) Arsenic(1II) Arsenic(V)
0.5 0.407 0.406
1.0 0.419 0.422
1.5 0.422 0.414
2.0 0.414 0.417
3.0 0.418 0.419
4.0 0.420 0.422

As : 50 ppb; NaBH, : 1 tablet (0.15g); KI:1.6%

WTKREAVEF MY U AERICX D e bkFERTEE
SR DEOBRMEORELERIEARY Vet L.
F iR % Table 1 zR7.

Table 1 75 b {bAKE T XL 5 —~EDBRIEZE L 729
MBS ERMEEE VY, e EID RO e ENV) onwTho
BATOWT HEEEET (I~3)M Thd T 550
5. ZoZEixa vibh Y v AR LA VWEA O
BEREMN® LHNRTISEAE ERRVWIEEZ RLTW
5. ZOEBRTIENIGEEOEEE % 2M IEERR IR
D& L7

3e3 KFTLRIFET MU O LAOERKRETME
KFEEFTEF MY Y 2MIERMEKARKRCN UTERRD

KB IR HRIRTIHINT 856, BEELOHVWLEE
TRHREFAOn AZBET L ENTELP 7. £ Z
CTAELRTESF M) U ABKCHEHBON A Y U EEE
L, RN iRB L TRV FERT L. $flax o
FERMT B2 LCKREFDEF MY U LADOHFAND
OB GCITR 5 X515, FRTHRIRICHES
PRI E BT D0 H AR RS < T i
BEMWERFRAIRTH 7. L2 LEREL T I — MTE
ATRVHIE, BHCroEENC e{bAKEEHELS
BT ENGP T Tiibbd 77— MCHARGERZ
BABES LUESHECFEELTCRGZRZIST, £0
Bz & 2> TRIGESRZ BB ICERT L EMBT
X%, FOHBAL—F—REEIED L WID THRIH M
L, R e fbkEIBBCRELIILDLX ST
5. ZOXS5C LTKELEI YRS MY U LETED
HELFEM2ZE L UET L ENTER. ZOBE
t 3% 50 ppb DLTFORETib/kFELZEENCHES &
LT, KELAVEF B D AEER /S {EZT
YT HELL 2T 5 & v, SERlZ 2 ML EDR
M5 ERSHEEROENS LA LT, F¥ARhERZ
TOERDLDT, ZOERTIRERIOENEEZ LA
EDTz.
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3e4 KFEKRIEFT MUY ASKADREM

KFEEFVEF MY DU ARESPICRET S ERIEL
THREACGRL, ORTEEEZES. X CTEELNL
OEBRTHBE L TCHVEKELFYESF Y Y agEHIO
REHIC>VWTRET L7z, bbb, 2475~ 1
TEETLOEEERENOPFREERICKEL-D D
BOCHEBILY > OF vy — & — it ANTHFRICE WD
DTV, ZINZE VT 3 ARIChE b e XA »
5 e {bARB~DETH OB L2 . T ORBRE
Fig. 2Ry, Fv o — & —dicfiFE L B4 380
R L ChEEECEELRELIRbhEr ok Th
R LTERICA — T & 5 & HBEEIRE D&
TS %, BRAOHBE 22 AMKET S & e HOBOLMEX
%9 30% {XF L7z BHRRO HEE Tz RiENRELRET
D, 15 BRTELGEILAILKbI:. BFTCHKE L
2EE, w0 10 AREEBEHEICZEAERD S s
572, ZTRRETHIOBRS e EBC LTS ERIT
725 X ST LicgERlIE vz Th - C, B
FERE LRV LT S8 Loz
LR b, EWE»SHMBPEATWS Z ENERD LI
7. ZoHEMEER, BBEOERCSVWTRECEL
W ERHRIN. Do SR ERILY v
For—d—hRGELCHERATAZ T L.
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Fig. 2 Effect of standing time of the sodium bo-
rohydride tablets stored under different
conditions

O In a P»Oj5 desiccator in the light; @ Exposed to
A Exposed to air in the light;
As(IIT) : 50 ppb

air in the dark;
NaBH, : 1 tablet;

W4, R&H, TF, 17 : KD ppb v =10 EDRF R & 773

3¢5 EEDETICRIFT Ivfbkhy vas ifibE—
AXDEE
KFEEFIEF MY Y ABITE T BB A
D, KFEILFxVEF MY AZEMBICHVWS R TREES
WeFAIL V) % eflkFBBRILTED 2 LT XM
L TWwd. L LERELRIESWTIHEA £ 0F
BB 5ERE TR L3 o bh ) v ADELE—X
ZHKELFTESF M) AL I BETRGTEDX S
T EBE RTHICOVTIEWE KRS T Wi L.
FzTaviba ) v absWEILE—X X0RNEs
BAEZT, TR LED {LAE~DRBTICED X
SRHERE XL EHANI. TR, BILtE—2X
XAV B Y U LADOHFEETHEF LT rrbLT, M
BEELDIRET I VR ASEASE, RFce
{LKBORELZ L PET B EBH5» o7 Zhiz
ZAZX(AN PBITLEINTRAEF U HAREGEBCRET S 7
BLEZLNS. ZhizLTavbn Y ¥ 2o nT
W, ZECZHRMLTOIRBMOBELERTIFLAEE
DB —EDORNEZ 5 %72 (Table 2). 3.8 TR<%
Xowavibdh Vo aPBEA LT ITNTERRAF S
SREERLT, E#REECSV TR LY v s
1.6% DIREWC X S5imMTsz s L.

Table 2 Effect of potassium iodide concentration
on the reduction of arsenic in the ab-
sence of stannous chloride

Reagent blank

Potassium iodide
absorbance

concentration (%) Net absorbance

0.0 0.408 0.025
0.15 0.415 0.026
0.2 0.417 0.025
0.8 0.416 0.026
1.6 0.420 0.026
2.4 0.415 0.027
3.2 0.417 0.026
4.0 0.414 0.026

As(IIT) : 50 ppb; NaBHj, : 1 tablet; Acidity : 2M in HCI

3.6 RUGERR

2.3 OIFERECE VT, ERZRMLIE 24—
5~ %0 LCRIGEZBIAS B2 & & LRE N AR IBE
LT7 v— ACEATLETORM, T7hbbreibksE
OFECRETRICHBOBE 2RI L. F0fE,
SR 60 FPLL ETHRA» D—EDERNESR 5 2
LT Lot TREI VLY U ABE LW
BEWLITERUCTH D, HSEECT5avbhy
U ADHBEORENIRAD LN o7 5T, TOE
BRCWRCRRZ 70 BicfRoz Lic L.
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PLEOREHER» & BRIEIEFEY 2.3 0 X 5T ED
2. TOBMECRWTREALID 5 Wie (V) |Z8
BREZAV, ThThREYELAZL THREHFEZIERL
fzE A, WThdeiE 0.05pg/ml (50 ppb) LDAFC
BUFREMRBESE S, T OB BEOREE 1% B
T 5.1;x10-¢4pg/ml TH Y, FILZOHEOBEELH
45729 50 ppb @ v E (I BEikic oW, 10ED
VIR UEBRIZ X » TRO7ARERE S~ 2 > MT 2.5
% TdH o7z

3.8 RETZEOEE
FEOIIEIOETRE LTAELF YRS MY v ok
Bz W AEANE, #AID), o (A, = v 5 ov
(In, $RAI), 2=z, Fuvu (V) HED4 *
vhAeRTH UTHRHERTEAE LR ARERY B X,
Ryvn(VD) <o H (VID) wonTiy, 25
EREFERELRT LD efbkEORE 23 < H4
L EEHE LY. 22 TRIDXSKELFYE
F MY U AGERIO A EETAIE LTRHWSHE L 2 V10
B Y AEHRTAERBCOVTHEAS AL OFRORE
FEEB L. TOFEE2E LD T Table 3 TRT.
Table 372557k X 5, 3 vibh V) o a2 R
SHAVE =y v (L) EFALA AU ERBETE 3D
EAY Y 22WMLEWEECTHETRTA oy
hd ez LT 1000 f58 (BEEH) EFLTLRA
LREYE 2o =y v(Il) monWTIRER
BEAEREA LT 15 FE» 5 120 fEEICSE S hi.
ZTONKRELFDEF bY U a2 BT HWREESITE

Table 3 Comparison of permissible amounts of
foreign ions for arsenic determination by
the NaBH, tablet and the NaBH, tablet/

KI reductions (within 1095 negative error)

Limit, [Ton]/[As] Limit, [Ton]/[As]
Ton NaBH, N Ion !

aBH, NaBH,/KI NaBH; NaBH,/KI

red.1® red. red.1® red.

Crd+ 100 NI Bid+ 30 NI
Fed+ 25 NI Sed+ 100 NI
Co?%* 60 NI Tet* 10 NI
Niz+ 15 120 S2- 220 150
Cu?z* 55 NI F- 700 NI
Ag* 500 NI Cr;072- 0.3 NI
Cdz2+ 600 NI MnOy- 0.2 NI
Pb2+ 800 NI

The followings are tolerable (excess, X 1000) : NH,*, Na*, K+,
Mg2+, Ca?*, Al®*, Mn2*, Zn2*, Hg?*, Sn2*, Sb3+, Cl-, Br-, I-,
CN-, NO3-, PO,3~-, SO42-, SiO,2-, CH3COO~; As3+*: 50 ppb;
NI : No interference at the level of 1000-fold excess to arsenic
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ELE»ST2BA F o EEA AT LOH IR
WTHTRERI Ao/, BlhoXsicavibka v
LD T HINGENCHRD TR TH D T &350 >
7z Lo LERfE#A + o (BRibs b Y O LDk E L
THREZICIRIN OYEZIVIEH ) YAk - Tk
CTAIFTAHZERTE 5T ZOBE, T AE
T Lv— ACEATHANCENEREN b7 v PAIE LTHEK
FHAZBNTOIRRIEA O e o7z 2D T L1EH
b4 Ao P e FEOBTGBETTH T EEZTRTHO
TH5H. EoT, TP HFARE B HETLHE
I, X EsR 0N X0 UDBRELTS
SWENRH 5.

3.9 EHEDOEH

FEoFEXBE~OHEAMEE TS BT, 2-3 DIELEE
PRVE 5E - THK WO Wk O e ROERETT -
7o. Wi Zh SR e mEAKeERETEY, avikh
Dy ABRTIMLEVWKELS vESF b Y T LETEON
GRS ITTE -8R - DDC-F vy - 2 ma kv
AILEHBEWIC X AERMELBE L. Ak, ZZTHY
FRT VTR D REE K 1] g0 X8R 10 ml
BRI U7=d D&V, FofsTA Table 4 iTR7.
results of

Table 4 Comparison of analytical

arsenic in water by arsine generation
using the present and other methods

Arsenic found (ppm)

Sample Present NaBH, red. Zinc red. Colorimetric
method methodt methodtt method 11t
Waste water A 0.040 0.039 0.04! 0.040
” B 0.029 0.029 0.030 0.030
” Cc 0.17 0.15 0.17 0.16
” D 6.0 3.9 5.9 6.2
River water 0.004 0.004 0.005 —
t NaBH, reduction-atomic absorption spectrophotometry:®; 1

Zn/KI/SnCl; reduction-atomic absorption spectrophotometry?’;
ttt Zn/KI/SnCl; reduction-silver diethyldithiocarbamate-burcine/

chloroform-colorimetry14

Table 4 7> 5AMEIT BETTAIL-RFROEED D W
B-HEEC X SERE I —FHLTVDZEESRrS.
FUibB Y Y AEHEIMULLVWKELSYEF MY U AE
TLETIHREOE VW DR oW TRV ERHENSE S
N7zt ThEFA A i s280F iDL
Hzbhb.
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4
KFLFVFEF b)Y ageRlEaviLn VY AEHED
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FETCHZ v, vfbkE-2F - kF7Lr—AaFRck
LR v RORFPNSIIEEZME L. KELEVE
F U Y AEERIIKE LT EF M) v ABEKICHE Y
DENAUE—ELTRELTERL, that4 75—
FCRAE LRV Zh X b RISEBIC SR’
ATDLEDHATNEH S ENTE, HEXMLEL
7oo ReFAI, V) 25 e fbkFE~DRTRFC 2 V1L
Y DAREINT S Z L0 X o THFA A OTHEK
PRI T % & ST &7z Tok, KBLEDHEF Y
v AGERIAERSAREEA L B D F oo — & —rhicARET
BUEND B AR VIAESO BRI EENEILEET
Ronsmolitn, AXLvokEEEE S ELVWE]
MBS, T EMeBR-KEIv—a2HVET L
LI OFEORRTHD. REIEPREAETHECSE
LYEMR oGl TcEs L EL LN S.
KRB TCRIHABEMEE, REVE “REK
THROBMEEIE” 05 b “BEITICE T 2 Z4EWH
ESWEOREICEYT MR L IR BO—H%E
MLTHEWE. ZZRELTEHOBRET .
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*

Atomic absorptiometric determination of ppb
level of arsenic in water by arsine-nitrogenehy-
drogen flame system combined with use of sodium
borohydride tablet and potassium iodide. Yuroku
Yamamoto, Takahiro Kumamaru, Tetsuo Epo and
Junji TakemoTo (Department of Chemistry, Faculty of
Science, Hiroshima University, Higashisenda-machi,
Hiroshima-shi, Hiroshima)

The sodium borohydride tablets were prepared by
molding the mixture of sodium borohydride, kaolin and
dilute ammonia water. A possible loss of arsine at the
initial stage of the reduction could be avoided by wrap-
ping the tablet with a wafer sheet. The tablets were
stable at least for three weeks by storage in a desic-
cator. Potassium iodide was found to eliminate inter-
ferences by diverse metzl ions without lowering the
sensitivity and the rate of reaction. The nitrogen-hy-
drogen flame was useful instead of an argon-hydrogen
one. The linearity of the absorbance (193.7 nm arsenic
line) wvs. concentration was good up to 0.05pg/ml
The sensitivity for 195 absorption was estimated to be
0.51 pg/1 and precision to be 2.5% from ten determi-
nations of 50 ppb of arsenic. This method was applied
to the analysis of water samples. Results were satis-
factory when compared with those given by several

known methods.
(Reccived June 19, 1976)
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