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Abstract: This paper mainly focuses on analysis of *'Th in seawater by using MnQO, co-
precipitation and B counter. In lab study., several conditional experiments, such as the
selection of filter membrane, pH, whether acidification before co-precipitation, carbonate
concentration and the usage amount of MnQO,, were performed. If the mixed cellulose ester
membrane was used for sample counting on gas-flow 8 counter, it makes the blank count rate
to be around (0.5020.04) min '. Acidification can promote the precipitation of uranium
because it can destory the complexation of uranium with CO; . At pH=10. 0, the separation
effect of ' Th from **U solution is good. Moreover, carbonate can coordinate uranium and
make uranium kept in solution. Besides, the efficiency is increased when more MnO, is
added. The best reagent amount is 1. 2 mg KMnO, and 3.0 mg MnCl, « 4H, O per liter of
sample in this study. We have applied this method combined with the actual situation to
analyze **Th in seawater samples from East China Sea. The recovery of *'Th is around
(36.0£5.2) % (n=3).
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Background of filter membrane and the blank of the whole process

WX 4

K

TR BiP R

45 (No. ) (Counting rate) / (Average counting rate) / (Net counting rate)/
(Study objects)
min ! min ! min !
IR AR BG-1 0. 47 0.43+0.03 -

(Background of the instrument) BG-2 0. 40
BG-3 0.42

47 mm Whatman 3 3% 2F 4 i Whatman-1 2. 86 2.8640.03 2.4340.03
(47 mm Whatman GF/F glass fiber filters) Whatman-2 2.82
Whatman-3 2.89

A7 mm [E PB4 g BX-1 1. 44 1.44+0.01 1.01+0.01
(47 mm domestic glass fiber filters) BX-2 1. 44
BX-3 1.45

47 mm [ R £F 4 5 CX-2 0. 47 0.46+0.01 0.0340.01
(47 mm acetate {iber membrane) CX-2 0. 46
CX-3 0. 45

A7 mm R4 HM-1 0. 45 0. 45%0. 01 0.0220. 01
(47 mm fiber composite membrane) HM-2 0. 44
HM-3 0.47

47 mm PC #% L% KM-1 0. 45 0.454+0.01 0.0240.01
(47 mm nuclear pore membrane) KM-2 0. 45
KM-3 0.45

MBS H KB-1 0. 55 0.50=+0. 04 0.07+0.04
(Blank of whole process) KB-2 0. 48
KB-3 0.47
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Table 2 Net counting rate of the reference source

HUERRV€ 22 PRI T R
(Times of (Net counting rate of the reference source)/
measurement) min !
1 16.0 16. 4 16. 2 16. 2
2 15.8 16.1 16.1 15.8
3 15.7 16. 2 15.9 15. 8

(15.8) (16. 2) (16. 1) (15. 9

7 (Note) : 355 F ¥ {4 F- ¥ {8 ( The data in the parentheses

are the mean values)

U 1 Th ik 5 v 06 B & Wi 0 R R . i
3R F B A R4 Th A U i & F
WA R HJE Th/U 43 g i/ . X & i T2
fRBR T U 5 COT W4, i 45 U-Th &
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2.3.2 pH X U-Th 4B mygmss i 4 %k
EEAe Bt pH 435128 9.0 F1 10. 0 B xF U-Th 43 &
Mo, R 4 25 R ATAL, 2 pH=10. 0 i}, Th/
U 4385 bo vy . i H. Th i 22 MISCR B Er , B DA
WHE pH=10. 0 Bf U-Th 43 B RCRBAE
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Table 3 Influence of acidification on U-Th separation before precipitation

T I S5 MR 15 B CActivity) /min !

Th/U 73 & L 4 F2 8] it 2 (Recovery) / %

FE i .
(Separation
(Samples) . =
Th U ratio of Th/U) Th U
K4k (Without pre-acidification,n=3) 0.9740.10 0.474+0.13 2.1240.42 16.3+1.7 7.94+2.1
2 k. ( Acidification,n=3) 2.24+0.03 2.3340.16 0.97+0.05 37.440.5 38.8+2.6

7 (Note) : Auga (** Th) =0. 100 Bq

# 4 KBAm pH=09.0 F1 10. 0 % U-Th 4355 i 5 1
Table 4 Separation of Th and U by co-precipitation at pH=9. 0 and 10. 0 without pre-acidification

U TE B S 15 BE (Activity) /min ™!

Th/U 435 Lt 2 F2 I (Recovery) / %

FE i .
S o) (Separation
(Samples = -
Th U ratio of Th/U) Th U
Salt-pH=9. 0(n=4) 15.5 £0.6 8.94+2.1 1.8+0.5 51. 742,11 29.7£7.0
Salt-pH=10. 0(n=4) 16.74+2.8 2.8+0.9 6.9+2.5 55.5+9.3 9.243.1

7 (Note) : Aga (1 Th) =0. 500 Bq



58 Ko 5 U s

% 35 &

HCOI Erm%a . mbALEMR COT B
FWAFAER U-Th 4y BRI . % 5 2N AR
Xt U-Th sy isgm g R . i3k 5 Al LUK B,
IABRR ER LA J5 - U-Th 43 B 8008 38 L U8 i) ik
REhd CO WM& MRS S U Zia. i
U-Th )43 B %R # G, The i [ 53R
2.3.4 MnO, PN A X U-Th 4385 (152 1
OB A UUHE R MnO, B9 i, g H X U-Th 4
B S5 R TR 6, I 6 IR EH. A
EVTTERI M R U-Th S B aC R My, M0

I HTEER 2 1.5 mL B, U-Th 438 Hof oK i
H Th iy 272 BISCR A .

i LIRS AR S 5 vT DL R B, BE B R R
b, FLPTVERF pH=10. 0,751 9. 6 g/ L B2 ek,
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Table 5 Influence of carbonate concentration on U-Th separation

A/min ! Th/U 4455 1, 2P Z (Recovery) / %
FE 5 (Samples) ' .
Th U (Separation ratio of Th/U) Th U
Salt-38.4 g (NH,),CO3 (n=4) 11.940.7 <20. 16 - 39.7+2.2 <0.52
Salt-3. 84 ¢ (NH,),CO;3(n=4) 6.942.6 <C0. 16 - 22.9+8.6 <0.52
Salt-33. 6 g NaHCO; (n=14) 14.242.8 <C0. 16 - 47.2+9.5 <0.52

TE(Note) : Ayaa (¥ Th) =0. 500 Bas U 4 50551 1 BE AR 95 K6 I B LLD = 4. 66 (BG)*°/ (ybr) » Heth BG R AR H. p BT B
78. 7% b ALK 99. 8% + ¢ 2 B 7] ( According to the low limit of detection (LLD) = (BG)" 3/(77/)r) , where BG is
the counting rate of the background; 7 is 78. 7% , which is the detection efficiency of the instrument; b is 99. 8% , stand-

ing for the branch ratio; ¢ is the measuring time)

F 6 AR YLYER EXT U-Th 40 B (195
Table 6 Influence of added MnQO, amount on U-Th separation

A/min ! A FE [ i Z (Recovery) / %

i MnO, i # Th/U 43 B 1k
(Added MnO; amount) /mL Th U (Separation ratio of Th/U) Th U
0.5 2.5 2.2 1.2 8.5 7.3
1.0 12.0 6.9 1.7 40. 1 23.1
1.5 19.3 9.8 2.0 64. 3 32.5
2.0 12.1 12.7 1.0 40. 4 42. 4
2.5 14.1 9.6 1.5 46. 8 32.1

7 (Note) : A,qqa (?** Th) =0. 500 Bq

TR AL SR

Table 7 Sampling stations and relevant parameters

i {37 (Stations) 2% E(Longitude E) #; B N(Latitude N) K AET E] (Sampling time) JK I (Depth) /m

CJ 127. 046 4° 28.126 5° 2011/5/23 969
G8 122.9137° 25.484 7° 2011/5/16 960
F7 122.699 7° 25.8431° 2011/5/15 106
G7 122.524 7° 25.5505° 2011/5/16 331
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RO A WA AR B LA S5 AL
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2.4.3 KPP Th LG E R 75900 T&4
i 77K 2 The B LG G BE L 75 A% 287 Th Lb g B2
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THE XN B e K =t U B s B . 5G4
HLIE I U S PRI B AR, U Y LR ARAIR
SEHMEAE 6. 17% 1 B Th/U 43 8 W F- ¥ H N
6. 88, BLHA I K S5 p U-Th 3 5§ 19 85y BLAE
MK R ® Th AR 20U R B 5 B, Ui KA
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Table 8 Dissolved #* Th activities in seawaters

FEdh L g C/(Bq - m)
(Samples) (Temperature) /°C (Salinity) /%o 231 Th 238 1J
F7-0m 26. 2 34. 6 21.2+2.3 34.1
F7-40m 22.9 33.9 27.2+2.9 34. 6
F7-80m 25. 8 34.1 29.0+£4.0 34.6
CJ-O0m 21.3 34. 6 12.74+2.2 34.4
CJ-30m 18.1 34.6 28.0+3.8 34. 4
CJ-100m 26. 2 34. 4 32.5+4.1 34. 8
G8-0m 26. 2 34.6 19.442.0 34.6
G7-0m 22.9 33.9 18.2+2.5 33.9
3oz J5 i dtg K op** The 1 23 B T 22 Th LT vE Bir

FERH Th AR BRI SR R rh . 0 T

B g ™ Th iy L P0je A5 R i ] U A
K FPULTE . T8 A B ABLIRE K Ak 28 RS i
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