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SUMMARY

This paper describes a method for separating traces of uranium, zinc and copper in sea
water with ion-exchange resin and determining them by spectrophotometry or atomic ab-
sorption spectrometry.

Sea water was adjusted to 0.1M with respect to hydrochloric acid, and put through a
membrane filter (0.454 Millipore filter). 76 g of ammonium thiocyanate were dissolved in a
10 1 aliquot of the acidified water, and the solution was passed through a 6 x 1.1cm column
of anion-exchange resin Dowex 1 X-8 (SCN-form). The resin was dry-ashed and the ash
was decomposed with a mixture of perchloric acid and hydrofluoric acids. After removal of
the acids the residue was dissolved in dilute hydrochloric acid. The resulting solution was
adjusted to 0.1M in hydrochloric acid, and passed through a 10.5x 1.1cm column at 75C of
cation-exchange resin Dowex b0W X-8 (H-form). At this heigh temperature, the adsorbed
uranium was eluted with a 0.15M ammonium sulfate-0.05M sulfuric acid solution, and then
adsorbed zinc and copper with a 1.0M ammonium sulfate-0.05M sulfuric acid solution.
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The uranium in the effluent was determined spectrophotometrically with arsenazo I and
the zinc and the copper were determined by atomic absorption spectrometry. As the result
of addition tests, about 57% for uranium, 99% for zinc and 36% for copper were recovered
by this mothod, and the determined values of uranium and copper were corrected on the
basis of their recoveries to obtain the net contents of the elements.

A sea water sample collected from the seashore of Matsuyama City, Ehime Prefecture
gave the values of 3.93+0.12pg U/1, 4.64+0.46pg Zn/1 and 0.36+0.054g Cuw/l on a 10 1
sample basis.
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FACT VEET VESY A—EBERTE VT, HLOELB1 A VT A v T VEEVE
4 F VBB BER L Ih B, S0 bk, WKy 1 BES AT & OB
AR EEh 2 MEESBTEOMNEBMCEDNTH Y, ThFT T, K2, v 1EBEE
G HFOEY TTF v, ZVIAT Y, fBKFOHEY OFE~OBRAGAYHRE L, v 7 v (M),
(I, #(I) X LRATHIBCBRERE Shanl), X, ofEHEFHLT
WAKPCEEIN AN TR LARFRGL, SEELACY 7 vk 7w VINIZ X 2 B000E
B, HER, R TFBREECEREREELIS> ETHLDOTH S,

RKRKFD Y T v DA+ vaigBimc ok, Korkisch H08RE Lics + v 7 vEEHE
A+ VEBREIEE R e F A T VBN ) U A =T A€ VEBROMIINIKS ROF A T
VEEH ) Y AKRDEKS ~OFERG, ZFEL0F v — rEIFC L BEKRFOY T v ORKE -
DD, TOJEEY Sy FECHD THBRIFORFER > KL DHIEKS b b,
Korkisch BB+ < ShhESBF A v 7 F Mk T r o Fm 75 v—=F L Y
7YV a—nxs AF e —-T U —BBRREGEECHRE, 6MIEMTY 7 A%¥E, KW T1
MEEBETY 5 v A BIRANCERE Lz, $7, =Hit pH 3AE LcEKEY CyDTA (1,
2—v s m~FH LT 3 VIER) OFETTY I vaH v — MEIBRBRE XY, R\VTH
MIEFECTY 5 v h T AL LI, KELOHBREE LY 7 v ORMAIC 3 B RET v
T2V AREEFEAL, Trer Y ML AEERC Y - VB IFIRD 2 ENZELDS
HER S TWD,

IhHOFEITRL YIS v T A VT THRGEEERED O 5 L XhEL/DH b
Yywa(N), vaz=va(N), (), =V 75 (M) kEOBRETFITITASF Y 7D
TRTHD, BRFEEENDNOOLEDOTHRE (pgh) X, bV T 2a 11 X1072
Cha=ya s Ix1078 0 2,8 7T 10EZRTEOW | F i KR CHRE LB -
DEERTIE, ThbonHEL v 7 v EEELUOBREEE Y RTZ nb, 77 vER IR
BTH BB THD, BROHETH EBRDO LI, BRERELIIBEHERTY 7 v O R
PEFTE TV B0, RRTE, ThbOERYRE LB KL L TEEEE L, R T
WEE7 v € = v 5 —TRBRB A 4+ vAHED Ty 7 R IR 5 BT 5 T REY L1,

KEET, v v ERANCEE DI EB LA OVTH, BRNLOA & vATHRHE
BB lE ST ~180, WTFhofjkd, Fr- B LeBEoERBETHEL LD
CIRER T %, FMEECMICHE & RFRCERE L T7 v — & o BRI ROCHE THg,
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WxEBTHLOTHD, RFREECHMEEOEELADE VMBLE L &0 b, K
BB CTHHEA F VBB CY I v iniig, SN rfvRANBCEEL Ty V- 2 RZTFRL
BETEETAIEE LT

WAL LIcTHiE, REBKENI0L 4L, T, MEMcER LeBEoK, kT
b1 A sk X5 5 v, Hith, $OSEEEBRIENCOEMTH D0, FriT, KREORE
KB TH55C3EREBbh s, FEACHER LCECA, vI v, HEE, HE b
BMEIZT ESE DI DT, FORBEYHRE TS,

2 =% 5%

2. 1 REHE

A IFRERR Y FOEFEMA LI, AL, SBEBEEEOHRCHE MBI Fy-
LEBIFREER L0 @A L,

2. 1. 1 SEEERR

v 7 v (W) CHEEEEY 5 v R0 IMIEERIC B L TH2000 ppm. OBREERB L, ERE
B CEE LR, AU C2.06 mg/ml Th v, EERKIERY. IMER TH
WU L,

Mgn () MR bEsn () 0. IMERC AR L TH1000p.p.m. OBERAYHE LA, + 1 —
b RS CEEE L7EE, AWt Zn 1 1.14 mg/ml Th - o, EERKITIER (0. IMEEE©
FRUCHEAR L.

(L) HEALSA(I) %0, IMEESIC M L CH1000 p.p.m. DHERAFM LI, 1L —F
B9 TEE LER, A%k Cu [ 1.10 mg/ml Th - tc, BEARKIIREL0. IMER T
U TR L,

JEFE 55 BT SR, SRERUEVAR - HHeR, SOBEERK > 1. OMKRE T v & =Y 4 —0.05M
BRERIRE CHAR L TR L,

2. 1. 2 Z0fb

TAtrVIIER: F—24 VRAE7 v+ VIR ER LT I%BRER/EL, F
R TAR L T0.01% & LTHW,

A 7 AT G

SCN WaA + v ZoHusig -« fikKie—E LU ¥ Dowex 1-X8 (100~2002 » v~
2, ClE) o200 ml #ME2.5cm 7 e= b &R LCL.2MERE2 | #@ LA, &
1 d v EH LAt bETRETD, ROTIMF A7 vlE7 vEa =0 AK 2 1
WA LTHEIES SCN HicEx, F4 27 vEEA 4 Vi ULin 70 % % CKET 5. B5|
WiKkEs, FROMET v 7T TR L, SRR )V v sk ANIcT v 7 — I fRFE LT,

HIZE A # w228 © MiKe—®"R L U3¢ Dowex 50W-X8 (100~2004 » v
2, H) 100 ml #AR2.5cm o2 rv< &L, 0.5MIEEE— 1MFA > 7 V7 v
TV ARKI VB LTTRME LTEITR TV AHBYERE, 4> 7 vEBEA A v i
L7 7% CTKRET S, RICIMIERE2 1 A L TR HIBCL KL, B\ 1 4 v~
TR L7e < 7B ETKRET D, BEIBAKL, HIMET v 7 FCRIRE, ATELS Y v aE
WO T T v — 2 B 5 Lic,
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2. 2 % &

AF VR S A1) AES T ARERIBCGED N E OB 7 Ay v = v (R
1.1em) & SCN JofeA 4 v ZZHdSE 3 g AR THOPRIZ L TIHA LTIE- 1o,

1A VYRS T 42 (VERLZ v~ VECHZEIEG6 g #0W@PIRIC L THRA L TE - 1o,
SXYEERT T BrM124F A L, BRI -2 A R0 mm b Dx i,

EE v = U FEM - 218~ o, 7 AFERHER L,

2. 3 ¥ &

2. 3.1 EBAAOEE

v F v 110 pg BUTFDY Z v R EHERIC0. 1% 7 224 ¥ VvEBEK 1 ml 2z Th 45
BIRE®, H7vE=7/K (1+10) T pH ®1.5~2. 045, kT, 0.01%7 L+
7 /MK 1 ml Az, #MKT50 ml @ HmR LT 1RREER, $IK2HRRE LT650
nm CTWEEARIE L,

HER (), $AC) - FEFENDINC KT BHIESM, BIERR e ; 213.8 nm ,
324.8 nm , BT v FER WA 8 mA, i 10mA L, BIHEBLT, TF
vy 2.5~3 Umin (0.5 kg/em? ), 2245 013 Umin (1.8 kg/em? ) i@ LCERT S
b DHE AT,

2. 3. 2 HHFEHORTE

S, Tk AR ml OFBN=EA7 I A ] g OBEABFELTE Y, 0.1MIER
OB KE <Y v 7 AL L120.001~1.0MF A > 7 vEE7 v &= aA5Hk40.0 ml &4
BAAVEKLOm( B4 4 vE . 1~2 mg) #inx b, 25CC0MRIIRE 5, A
LCERFOERBA 4+ vELE L, XXMk (Kd) #Hl L,

kq — BIRHHO SR A - > 0 8 xR (5
Vet &R A o+ > 0> < RO 2

( ml/g )

h T L —EROBIETH 7 AkMEY, GHERELMEL LS ETLHERR T2 T 4 v
g =V Tk, AT ALRCRBAA A VEKR]L ml AREI L, BEEREZHRAL,
HRPORIEA A v ER L TRALLHMBR (Kd ) #HEH L1,

Kd — BEA A v OBKH S~ RIS S
EIrE:

( ml/g )

2. 8. 3 w5, HR HOBANSDOEA AL TREREEA 4R E

Bk, Ebiilo 1w LT100 ml oE& CEERe Mz CEEKREL, T VAT T
4 B — (BETHA X 0.450) CHEBET S, ERERKIOL st > 7 vlE7 v E=9 476¢g
ML TH 7 203~ 4 mimin OFOETHET, BE*HSERMICHE L, Bt LTH
AL CRGERE, BEPKANT20C T2 KH, 5000C C12~13FFR-], 800°C T 8 ~ 9 K]
mER LBl A K LT B,

WANT, KRG 7 o fekKFEB2 ml, @IEFE®E3 ml ¥z, &y b7 — b LTREAL
TR BT 5, MBERGT GRIEFZEB ke, REWYVEOFEMCER LT, Mowk
b A0 IMERMEEVECTREEE, T5CIRRLer 7 2QWAT %, MHKREIET,
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wi, 0.16MBEEE 7 v & = v A —0. O5MBREEA R 2 A LT, 60~110 ml R oD IT H ¥R A 4l
LTy T vOEBMR LI,

TN, 1L.OMBREE 7 v & = 7 A —0. 05MERES AR 30 ml & it A U CHiEH & $i% RIRFIC ISBE L,
T H ¥ 5 B & B oD R FBOE A i B L7,

83 MR LER

3.1 7700, FHR(), AL © SCN ka1 #+ v s~ O WsE

Ny FHEICLY, FACT VBT vE=2 Y ADEEYE L Ty 5 v (M), # (1D, 87 (1D
® SCN Tk A1 o vasiBig o4 5 MR % BIE UicfE R % Table 1 iR,

EROL 5, STFEELFA T VEEA 4 v OEGEERFIC T TE WS RE Y T
L, BB BMEH L ShDHZ Ebhb, ZhHDOTLHRD Cl a1 + v 2 ptigcst
THA 4 yFBEENIER R CHECHENORTE 0, TOBRIEED D 5| I h T
B, (REREER CI=TEK L ORI E L, BIE~OBREHLRL T, o

Table 1 Distribution coefficients of uranium (), zinc (1) and copper (II) on Dowex 1-X8 (SCN-form) in am-
monium thiocyanate media

Concentration of NH,SCN in 0.1 M HCI sea water (M)

Ion
0 0.001 0.01 0.1 1.0
U (M) 1.9 x 103 2.0 x 103 4.1 x 103 8.3 x 103 >1.0 x 10¢
Zn (II) >1.0 x 104 >1.0 x 10¢ >1.0 x 104 >1.0 x 104 5.0 x 103
Cu (II) >1.0 x 104 >1.0 x 104 >1.0 x 104 >1.0 x 10¢ >1.0 x 10¢

T, SCN W#llEaER L, 74> 7 VB A v 2 HFEZR LT L3, ZhbOTHEORBE~
ORENELEZED LSERIEDZ Ehbhd, AHTIE, v 7 v, HEH, WErRRRCER,L
BT ERENE LTCWA T Enb, Table 1 ofEES 4 L, 0. IMERE—0. 1M+
ST VBT v = MR TRELC, SCN JUBIE3 g TE-71-7 5 A ICiAT A & &
L,

3. 2 TITLOHERMAATHRDE

HME 1 A+ v R4 284S, v7 v () &, HBE7 v =7 s —HBRR TR
CHEY A KEXOSHERYRL, 1, ora=va (W), £V 77 v (M) O5MGREUL
vV X/, D), VY v ATEETRECZEAMLRT WAL, 202
L, TAeF VLIS Y5 VORKKEEERCHB LA hbDTHEYT Vv ED
A F vackayrp e R Cc & 50, (D), #(D) #&H T, FE, 0. 20MIHR7 v =7
& —0. CSMBEES IR I BT B 0 iRfia » 7 sdic L v, TBCTHAIE Lic, FOFR, Th?
hooHitkEux, v v (M) 8.2, #0) ;10.7, bV v a(N) ;11.5 #&€(I) ;37.0,
WL (M) ;44.5, # F 3w a(l) 557, 5v& () ; >100&7%h, w7 vegk bV
Y ADDEENREETH D 2 LD bh 5T,

T ZCHERT v E =y AORBER) ISMICET S8, 882 g TE-1ch 74Ty 5 v (1)
EH(N) opEmEAeRDdr-L oA, Figl @mRT X5, SHHREOZTKE k- fen,
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Fig. 1 Elution of U (V) and Fe (1) from a 3.5 x 1.1 cm
column of cation exchange resin (H-form) at 75C
Eluate ; 0.15 M (NH,),SO, — 0.05 M H,SO,
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Fig. 2 Separation of uranium from other metal ions on a
10.5 x 1.1 cm column of cation exchange resin
(H-form) at 75C
E,; 0.15 M (NHy),SO, — 0.05 M H,SO0,

E; ; 0.50 M (NH,),SO, — 0.05 M H,S0,
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¥, WAERBCHLBRERIZDOR, 2T, Figl OBEEMEL S L, mHEOSHI
MBIl Hh 5 A¥A X% Beukenkamp H DR 2 o L CRDIEZ S, BE5.1g TIE- 1=
AT EAPBEYTHD Z Edbh T, EBICIL, BTOREELT, BIIE6 ¢ TH 7 A%ED,
v 7 (M), g, £OMOTEDOREEH*FENIHERY Fig2 wrid, v vagkse

P ANLSEETEL LA D,

Shi, ARGt EsTHEY 757 v (M), BHT), H(T) oL FAERLY
Figd ©iR$, RKEIC LD, TV 7Fvnbby 7 v e TEL2 Lhbhond, BT
ES(I) B EBO LS5 EnHmEENIKECEND, v v IS BRATRET S, =
T, VI VORBRBT TR, BREB7 vE= v A0REYED CHALEYRI LY 727> 5 v
WEH I, TOBE, 8, b)Yy bARCERT EBLRAD, BRKCETINS
INLOLEEIBMTH b, Fio, HEHEHNIETHREE CRHET SO TER MBI
ERBbhb,

(5-—*4 E, + E, —’l
g 50 I~
q540 L Mo (V) U (W) Cu (1)
3 Zn (1)
©30
[
=
F20 |
QL
)
T L
0 ] | 1 ] h ]
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Volume of effluent (ml)

Fig. 3 Separation of Mo (M), U (M) Zn (1) and Cu (1)
on a 10.5 x 1.1 c¢m column of cation exchange
resin (H-form) at 75C
S ; Sample solution and washings
E,; 0.15 M (NH),S0, — 0.05 M H,SO,

EZ 5 1.0 M (NH4)2SO4 — 0.05 M H2804

3. 3 @khoys., EH FHOTE

WRKFICEEND Y S v, WA, LY 2. 3. 30BIEC-THEL, BT L EREY
Table 2 &R L,

SEDPEW LT B v 7 v OFAEDOEHEL, #HAKI10 1 1o\\T22.4 pg , FEHTII,
V7 VORMBBREEO S L &0 T51.3 pg, AUH TS 1 pg THBH, ZhbOEEEN
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Table 2 Determination of uranium, zinc and copper in sea water
( All values in pg/101)

Added (pg) Found (zg)
Run
U (V) Zn (1) Cu (II) U (1) Zn (1) Cu (II)

1 23.0 47.3 (13.6)
2 21.7 53.5 3.2
3 22.5 57.5 3.2
4 30.0 39.3 51.9 2.9
5 30.0 39.4 46.4 9.1)
6 57.0 11.0 95.0 6.8
7 57.0 11.0 94.3 5.1
8 57.0 11.0 134.1 9.1
9 30.0 36.6

10 30.0 41.8

11 30.0 37.6

Values in parentheses are suspected to be contaminated.
In the run 9 through 11, the resin used for the preconcentration was dry-ashed in a quartz dish and the ash was
decomposed with aqua regia.

B TOEAEFEH S, KEC KT A ETEOLIR LB L TORRKYRDDL L, V5 v,
57%, H&h ; 99%, 8 ;36% Licn. v v, HOBRNEROENERE LT, IV TIES S
LR)BEITER U TH L OEIRITIY% LKL, —8Ah 5 acien o &, FOHEAE,
7 A(2)0 B OEIRERTI00%WE D, FhE CORFCHSARI A KL HER Lics Lic
LBAEKRIENEL BN,

fiK A VTR Ty, FEXEIETHIETSE, Thitho 75 v 7{|ER, v
Z7v50.0 pg, WEH ;5.4 pg, #1550 ug THhoto,

Table 2 OFWPME (75 ; Run 1 — 3, #if; Run 1 —5, #; Run 2—4) 5%
THFOENERCHEL, RFE7 7 v I/ lHEYRVCTROLELROEK]L 1 YroEERELY X
fk{E & & b Table 3 wi=d,

ABRIB AR DFLIIBIT, Bk EREIn % 2 &b, ABOMEE XHME & BB T 5
CEIREETHDLS, VI vOFHEEEEEE LKL, ZOILHEE, EAKBATCBEtRL
CEDEFEEMIE—TELTCB I E0bh b, —J7, FICH T, BKEHT, BKEIC X
S TRESEHL TR, KBOMES LOHBEACH S0, ZhbOTLRIERCL>TEAR
BN LS LR TS,

AREC L 5 K LFEOCEMBEOMMEERZE L, v I v ;5 3.1%, T 9.9%, #:13.9% &
7o D BHECERIFIC L b b P HEM EA RIFCH S 758, Table 2 @ Run 9 —110
v T SRR, EINEERIC R\ CRIRARC AR LBl AREARM KL L, K% £
KBRS, 55 A02)Cv T valyl, BELCEEThs, Run 4, 5O & HEELT,
JRALZR 22 OB EHCIK 5 DM X AR X s Bbh b,

3. 4 H¥KORHE

BARK LIRS 2 RAET D L E, BEESBLEOBHRE~OREHILEKE LT, —Hic, R
Bk pH % 1R BTS2 LB E ShTVv b, v 7 v LT OB OEE S
1o Thik, BERobertson®® 23K A BT F L —EBRCHRE LTk b, HBIEEI L
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Table 3 Content of uranium, zinc and copper in sea water

Element Content (zg/1) Reference
U 4.04, 3.81, 3.95 This work
(av. 3.93 = 0.12)
3.63 Miyake et al (1963)7
3.34 Ogata et al (1970)24
3.40 + 0.12 T. Hashimoto (1971)¥
2.62 Korkisch et al (1975)®
3.20 Onishi et al (1977)®
3.0 Hirose et al (1978)20)
4 Fujinami et al (1979)?"
2.94 Sugimura et al (1981)2%
Zn 4.24, 4.86, 5.27, 4.70, This work
4.15 (av. 4.64 + 0.46)
2.5~5.0 Kawabuchi et al (1976)19
4.8+0.3 Kingston et al (1978)4
0.01~0.63 Bruland et al (1979)19
3.30+£0.58 Sturgeon et al (1980)19
3.28 ibid
1.5+0.4 Sturgeon et al (1980)29
Cu 0.39, 0.39, 0.31 This work

(av. 0.36 + 0.05)
0.2~1.5

Kawabuchi et al (1976)'®

2.0+0.1 Kingston et al (1978)19
0.1~0.24 Bruland et al (1979)1%
0.914+0.06 Sturgeon et al (1980)1®
1.20 ibid

0.7+£0.2 Sturgeon et al (1980)?

Sea water used in this work was collected at the seashore of Matsuyama, Ehime,
on May 23, 1985.

I THRERTE, 75 IBEC LTH 2BBIE SOV BIR A KBRE N ET Z LARE
NTB, i, A oWTIEBEEYE (pH = 3) oo &SRR~ DWER IL
N> Z & Siebert?) Bic X » THE IR TV 5,

ARER AT, MATIR) =F L vEABRE~DY 7 v (M) OBRESEEZEBH LD,
FOFERY Figd Rk Lic, 3EKE, VET7T 7442 —TEBLEEKCY 7 v (1) %
HMLT, BE®5 ppm. i LEbDTHDE, Ihbbhblok, 75 vORE~DORE
i3 pH Bk REIFE bl - TEDLNT, Z0OZ L P v AF LTI -1
Robertson O#FERE —F Licv, FOHEMBE LT, AETIHETEEDOHHN LY 5 voOEE
% p.p.m. LUl & Robertson DB < HRTHREICE S Lico &nErL bbb, 20X 5
WEBROHIF CIIREIC L HY I vOBDIZRD NI - 7h, ppb. VA TIHIBRD
bbb, e, HOBE I pH 2/ 3L LTEERHSCHELH LD T, KETILEK
%, BEHioBERAYHEMLT pH =~ 1 oOREBCRETSZ & & L
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Fig. 4 The adsorption of U (V) onto the polyethylene bot-
tle surface
A ; Sea water adjusted to pH 1 with hydrochloric
acid
B ; Sea water
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