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RKELAKCEOREBEZFIRT 5 KPOHMEBLEDRIEL
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RECAZLKEPBRED HFIMCX VREYT 5> HERVCESBA A v e EREBR T 8EZ AL
T, KAOBBOSZHARKE TS L2BHLE. RAkc—2R {(10~30) ml} oEH (6.34%)
BUOREHK 0-Fr=a/7527 v (0-GL 2igiE) OFFEBEZMITMBL, RAZK B2 ERIE S
METS. RAY (ER) 2EEKXKIEE, RFREXERESASHECIVEZERLAL. £OBE
BREZAVZHEOBRERKR DXL S pH 4.4~5.0 HERK BB X5 ICEED 0-GL 2 mx =84,
9% LLEoBEXERZTR L. AEEK, AL#EK SEKRCEEPO BRECEOERITKEA Lk
RIXNIHERE/BDI LI, HHOETCHESTMEBRMECHEL, FHBEEZHRV L HERR

VWEREERLE.

1 #&

WRLRRAKFOEDERIEL LTV L 2h D
G0 RBHD, FOSEFENEBHETCHHILE,
BRFD< MY v 2 ATLEROPHERRR L odic, SEER
IRKETE E ORTIAERZ LB L §BIBEMBE V. HEEIREED
FRELT 4,5-07 /R F-Le-0FF -0y
VZFFFNEOREWVIPLR ) I VLELF— AL EDH
T ARV A F RPN, FEIRBREEY, Bk
AR T VIR sz, 2-x v n P R A
FEV—NORER-RZXF TS =8, p- A FNT
IRV Frou—~F=y, vFIUREOHERE
ZRVL B BEEEEH I TV 5.

—F, BEEORRELAELBAORERFEZFAT S
WMBEBOMBLI B OWTHE L.

AR TIE, ZOHEEZKDOBBOEOHEERIC
JERT 5 e DRFERRCERT ST OEBEZAWT
ERICEN L, ERREFOMEDSOERICEAL

FRERARCBROEEREBEZFIAT 5 HBEEOR
RAEBICBET MR (B28)

*RIBERLARFTEREALER  KERRATEEE
HEET 4-804

R EERRERA S ERBFEERN ¢ ML RMRKL
HEREM 1334

i |

Fo. ESNOEMCH S BEELMECE L CTER
YELN L SFIEN WEZET L 2.

2 % B

2.1 & X
ST - MER (Foesizesl, 99.00% LA L) 0.5
gREKRFKCERL, Img/ml 0ifkET5%. Th
RRELL, FROFEAYCHERLTHW 5.

B AW LRI LCHEY (AR E LT 6.34
%) -
ZTOMORBIXITEH O R VIRD, RERELX XD
FEMALK.

2.2 ¥ Mo

FFBXER : Perkin-Elmer #f $ 5 F % 36 36 & 3t 303
BICHXLIHEE QPD 54 2R o cBLE. X%
JRIT Westinghouse M &R EEBHE Sv 72 A
Vv, =ik 10cm BXRAry boi—F— (BR-
TeFrvii) 2ERALL.

BESTEBL X OOREIZAEOCHERLAL D
DERLTHB.

2.3 RERE

& 0.0lpg DlE% ST & & © bk (9100~
1000)ml} # &~ b —iiR Y, Zhic—EZDTIL (10~
50ml) Zinz, X<HEEELBSMEL, ¥ 70°C
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it oo BiER {(0.70~3.50)ml} © -2/ 7
7 +v (BAF 6-GL XEEiD) /KiFuk (0.1 g/mbh)Zhnx,
FiCHBA LT S5, (2~3) SRER LAERER
FCHRE L CRALEHRS TS (EE04£R).

24 FEY (ER) OBEBRUOFHRE

TRRE AT & Rk, BOSEE L CHERERS (k)
LML, MU EIRIKIL L. (RIRRIL Refl2
ST A LERD LB, HRIOERICHEITOIA
ELTREE7 L x=v akBME (B9 5%) % 2ml %
X TELBEYIRYE, TORAWE 80°C DL LThEhd
BEESIEEEDE Lcth, ThzERKLLE. T
DISTRIEOMBTEH LT XY KILFHZK 20%
GRTE . L, REE 7o =Y 00 HRITCEL
Ty BOPUDERFIRSIICE Y, TORCEMPHEH
ThitnWwZ L #FER L.

(a) BRFBASWECXDER :: EEBOKILWEZE
K 2ml RUUKICHEBEL, £8% 25ml LT, ZO
BHIZOWT SORTFBOLE BlET 5. BB 133
E 242.8nm, I &t 10mA, FHERY v ME 4
(Imm), 727 Lo RERE 8.0 Bpsi), ERIKENR
B 8.0 (30psi) TH5.

(b) FERHAHITIC X BER : ATHR'S LRk, =&
DRI REORBH R LIRS Lictk, ZOHKFK
Ahy TRE FLE 4mm, EX 4mm) ¥ v E Y
BETHRTAL BRHERLE Lic. WEiC3gmz 90° 1
B LY 7 74 VBEEZR\, Table | OFHTE
M7 — P EBECLVERTS.

Table 1 Experimental conditions for the
determination of gold
Excitation source DC-arc
Current 15A
Exposure time 203, no-preburn
Analytical gap 2mm
Slit width 15um
Analytical line pair Au(l) 267.595nm/Fe(l) 267.908 nm
Atmosphere Ar (60%)-02 (40%) mixture
Gas flow-rate 4 1/min
3 BRIEE

3e1 AMRGORE

3.1.1 MRS pH OBAR & 450pg 2E5TK
e 100ml wEH, 10m! iz, zhic 6-GL O
IBEAREALLIEThINLG, DT 2-30Ec#LTE
BEED, HEIhcsdr 2-4 DBECE U TREFRL
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B OEIE L. £0OBE, Fig.l @RLZXS5CH
HRIRERED pH 5 4.4~5.0 {HEC BAMHE ZRL
foo THhRKERAESEORKERE pH FiR® & X
{—T5%. 2%b, £RGEAOCKDII<ECD pHEHF
MTED X HREIND.
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Fig. 1 Relationship between pH and the recovery

of gold

Sample solution (Au: 4.5 ppm) : 100 ml; Soybean
milk : I0ml; pH was adjusted by adding the varying
amounts of 3-gluconic lactone solution (0.1g/ml)

SOMEBREIC OV TIE, Agr  Hgevr ) 7
BT I T AT S BD 2 v h 7 b & OIgE & Behr
HET5dh0LELLNED, FHIFRHTHS.

3.1.2 SUREHEHRBAVICERELDORMR

a) HEROHIE : & 450pg 2 FLKEHK 100 ml
wExOBROEHY M, ZhiREREOKRZSXS
CEE D -GL 2z TiE ¥, LT 2-4 DfffEic
CTRFBIC X b, ERKILHOEKER (25 ml)
OEXEZBETS. —F, &&&FRVIHFEAK 100 ml
oW TERE & RRfiCEE LB ONARERIE, HEE
2L FABEDO4& 450 g ZIM LR, WBKIEL, BT
3p & FRICAE LT, £DRILMDOEKBHK (25 ml)
OBRAEXREL, LOMBEORXELHETH T &I
X hHEEEr KD,

b) EIREORE : & 450pg ZEL/KEW 100 ml
oOWT, HEREEROES LFARCBELT, B8
RALO EABK (25 ml) OEXEXRIET S, —F,
&% & VERK 100 ml w oV RBRICEBELTE
L Gz KEKL L, Zhic R LFAE0E
450 pg AL, DATK & FRCEBEL, BEEZH
EL, TOMEORAELZHE TS Z i X ) EIER
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INSOEREY Fig. 2 Rd. ERHIRMED (5~10)
ml OFHEHTHERR BINRT DT »IET T 51HR@
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Fig. 2 Relationship between the amounts of soy-
bean milk and the recovery and the col-
lection efficiency of gold
(A) Collection efficiency (%); (B) Recovery (%)

3.1.3 XA IREORLDEFRIEE 100 mliZ
3 10ml 2fnx, T 2:3 RO 2-4 OiRpfic U
THE L&D EKBROBIE & IRE & OBtRE KD
fo. BRET L7 IREER {(0.90~11.25)ppm} TRV
EREZRTRERSE O

3eled HBMCRIFTEIEST PYOLOER 0O
HIRKEE 2K SCISA T 2R0EEF Y Y A DR
BCL, £0< MY v s AZHRERI L.

4 4.5ppm ZEULEAOREO EILF Y U AKE
i (0~35%) g3, 20 ml Zfnx, LT 2-3 RO 2-4
DRI U THEER L. #BR% Fig 3 LFR7.
HieFr b YU sk HRRE D UET SE5m 2352
B, THKEIET MY O ABKE AT BOW B LE
RAESLELERZ D OWD, RETRELCAEED
—WRERE L ek EE LB S.

32 RAFADRICKBK, REAKERF ALHKAH
DRHBROEDER

%}7K1)~3),@iﬁﬁ7klz)f£ &*@%mﬂ(lo)unf_é\ina ppb
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Fig. 3 Effect of NaCl concentration in sample

solution on the recovery of gold

0

Sample solution (Au:4.5ppm) : 100 ml; Soybean

milk added : 20 ml

*—5—0 BHREOLO HEEREEY R L. &K
L, BRHEERR, WTROZR-7eF LU REAVLR
F RIS DEHET CEFTHOREGE SN o 7D
T, WMEREMT — 2 E X 5RESTHRSITIT o 2.
3:201 SH#R4E (0.01~1)ppb D&% &7k, 3% &
BKBROALHEASE 1 1 cE3L 30 ml 2fnk, BAT 23
RO 2.4 QifEC U CRERCKICAEL 2%, X
SH+H (Table 1). 222U, ATHKOBEN,
Zhg o U HEET Pl REIEL
7 — 2R RNRIRE L, 2V v MERIRICX VR
L. 7k, HHLARBETREERCE/T ST
58k (267.908nm O TH5H. ARY bVRRE
B4 FUBECERL, Ny 2TV FRERIT-
7.

7535, AT#7Kid Lyman-Fleming 0¥k REE ST
X AR

3.2:2 REKBRUKE 3-2-1 ORfECHE-TH
ShiREBEHO | fi% Fig. 4 it & 3% &K
RO AL¥gks o 0.01 ppb BEED MBEO SN RIS
h, WTFhoBsdd, RERIIVEREZ TR L.
3% ‘K OWTIT o cR—REHC oW T 7 EERD
EUSH L, £OSHHELZRDLER, LOEBIRK
1%, 0.01 ppb DIiF4 44.9%, 0.1ppb DFE 21.5%,
1.0ppb D4 9.6% T -7
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¥ig. 4 Working curves for gold by means of
emission spectrography

A : Water; B: 3% NaCl solution; C: Artificial sea
water

3.3 RBHROBBROEDERANDIGH

EErbhbhBEHE LTHVS, Wb 5 alh
OHBOSOERICH L, BEBMEC X 5855k
SR Y REER L.

REREN 140g 20 x STRL, EE/KCHNRBREL
ChE2FRLCRBE®OE » SHMERE LIS, KT
5D TeBER 11 L Lz zoREEge 250 ml (3]
HEE 35g i) ¥o4%H LT, 500ml v~ —
B$. Zhbic 0.0 ppm SIFHERKLE L O, 2,
5, I0ml @7 Y a—~bELTHML, BT 3-2-1 i
R U CRRERIEC X V& ER L.

ShifkER% Table 2 WiRd. indk, #HEhh, EZE

Table 3 The gold
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OBUTEIE L, $8kE, 8L LTRExhTY
LEHED BRAE TH5. vy — oA EREEA —
Ab5397, vy—oRA - N—2dtF 480 <4 D
Shark Bay REDO LD TH 5. KB AFV IED
KEEEXB»L, ThicRKRieHny (hFEE) 2B,
HDTEBECHERIBALDIDOTHS (FRLREKRSE
#3), RE LR BEFERAMRRERD “BRIE ThH5.

Table 2 Analytical results of gold in common salts

Common salts Gold found (ppb)
Agehama salt, Noto 2.6t
Shark Bay salt 2.3t
Amashio salt 2.31
Kitchen salt 1.9

t Filirate of common salt aqueous solution

—%, WKHO &OEFEX Table 3 LRI X5
e KO REEFT I EOMBIZ L b, 2R b DEHD
ENRLNS. '

HiLic, 0.068ppb D& EELHEKS BLDE TR
MEINKBINLEEETSE, 2o LTEoNn5EE
HIiziad 2ppb &R SENB C Eicind. AR
L5EBHOLEOHGERIIA — ¥ —D L b T OfER
EWRYSEBETHD L EERT5.

4 & Fi

ABRARZBOGERBREZFIH LT, KbhoHED
SEHRIRGEL, RTFBOESIT ROFRI I OB
FRAVWCERT I HEEREL .

AEORMIL, REbkic LROEHRVCFIERD 0~
GL Zhnzthnzal, REDKhTRKERAECERZEE
IRCEREZEY, ZOoERBCHERBESILIELREF
B E IR HITEC I VERT D LV D, HEK
PRI IRECIRRETE 5 L VWO ETH B, T/, &K
THALATEREERTHRREABGRLRE, XK

content of sea water

Range of values

found (ppb) Investigator Remarks

3to 20 M. Yasudal? Samples taken from Japanese coastal waters, not far from the
Ramapo Depth

Maximum, 0.1 to 0.2 W. E. Caldwell® Samples were taken from Puget Sound and the Oregon coast
0.02 to 2.0 W, Stark?? Highest values were found off the Iberian coast
5.1 to 4.4 G. L. Putnum®’ Samples taken from Copalis Beach, and Muting Bay, Washington
0.015 to 0.4 R. W. Humel®’ Samples taken from Portland, Polymouth and Bay of Biscay
0.009 R. R. Brooks” Samples taken from Cape Town coast
0.068 H. V. Weiss, et al.&? Samples taken from the San Francisco coast
0.014 E. Bayer® Samples taken from the Neapol Bay
0.006 to 0.43 Y. Oka, et al. Samples taken from Japanese coastal waters
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SHERACEINEIOTHD, FHOERCHE S RE
HOBEECKRECHET A REFLROBLABLEBVRA
RELERTEETHD. bk, TEFLIURERCR
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Enrichment of trace amounts of gold in water
utilizing the coagulation of soybean protein and

RE Bl KTk AZCEOREABLAAT 2KH0O &0 ML RFBOL - BRIHST 399

its determination by atomic absorption spec-
trometry and emission spectrography. (Studies
on the enrichment of trace metals utilizing the coagu-
lation of soybean protein. II.) Soichiro Musaa* and
Yoshihisa TAxkaHAsur** (*Department of Applied
Chemistry, Faculty of Engineering, University of Osaka
Prefecture, Mozuume-machi, Sakai-shi, Osaka; In-
dustrial Research Laboratories, Kao Soap Co., Ltd.,
1334, Minato-yakushubata, Wakayama-shi, Waka-
yama)

An enrichment procedure for trace amounts of gold
in water utilizing the coagulation of soybean protein
by adding acids or salts (calcium, magnesium, etc.)
and its complex-forming character with heavy metal
ions were investigated.

After adding fixed amounts of soybean milk (col-
lector) and §-gluconic lactone (coagulant) to a sample
solution, the mixture was heated to boiling in order
to coagulate the protein. The coagulum (soybean
curd) was separated from the suspension with a

‘centrifuge and burned to ashes with a low temperature

plasma asher. Then the gold collected in it was
determined by means of the atomic absorption and
emission spectrographic methods. Effects of pH, the
amounts of soybean milk added, and the concentration
of NaCl in the sample solution on the recovery of
gold were examined systematically. The best result
was obtained under the following conditions: To a
certain amount of sample containing more than 0.01
pg of gold, (20~50) ml of 6.349% soybean milk was
added and its pH was adjusted to 4.4~5.0 by adding
the suitable amounts of §-gluconic lactone. This pH
range corresponded to the optimum pH for the coagu-
lation of soybean protein. The recovery of gold was
9994, or better. NaCl in the sample solution tended
to decrease slightly the recovery of gold. The pro-
posed method was applied to the determination of
gold at the order of (0.01~1)ppb in the sample
solutions such as water, 3% NaCl water and artificial
sea water. This method was also applied to the

determination of gold in common salts.
(Received Feb. 28, 1975)
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