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Determination of low HTO content in various water samples by liquid
scintillation technique with electrical condensation procedure

Kokichi Kamiyama and Makoto lIgarashi*

Abstract: Tritium (T) is one of the hydrogen isotopes, composing water
molecules designated HTO, and is useful as a tracer of water origin and circulation.
T has been produced as fission debris, and is also produced naturally in the
stratosphere by the interaction of cosmic radiation with air atoms. HTO is
introduced into the water circulation process in the earth, where T is diminished
by nuclear decay. Higher HTO content in the water occurs in the direct deposi-
tion from the atmosphere. Lower HTO content occurs in the water reservoirs
where the residence time of water is longer such as ocean. The deposition, consist
of the water vapor from the oceanic origin, has also lower HTO content. The
content in sea ice depends on the origin of water, oceanic or atmospheric. This
paper discusses the method for the HTO measurement of natural water with lower
HTO content, including the procedure of the condensation and distillation. The
water samples in the polar region have various HTO content and the analytical
time, ranged from several days to several months, depends mainly on HTO content.
The proposal on the procedure of the measurement, depending on the samples in
various water reservoirs in the polar region, is available for conducting the
analytical plan for water samples in the natural environments with the various
residence times, especially for the samples under low HTO content.
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Table 1. List of apparatus for distillation.
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IVRFro S No. 501 1 SAVILLEX
vy vy — No. 504 3(2) SAVILLEX
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Fig. 1. Distillation system for water sample.
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Fig. 4. HTO concentration system for
water sample.
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Table 2. Duration needed for electric condensation.

5 M| & i & i i & & ) 4 i & & i ) 4
SRARRE mil| 100000| 64000| 32000| 16000 10000 8000 4000{ 3000 2000 1500 1000{ S00| 250
—REMEH R ml] 99920 63920] 31920] 15920{ 9920{ 7920] 3920| 2920{ 1920] 1420 920 420 170
—RXEMEA A A 40 40 40 40 40 40) 40 40 40 40 40 40| 40
ZARMEE R ml 80 80 80 80 80 80 80 80 80) 80 80 80 80
ZREMERE A 10 10 10 10 10 10 10 10 10 10 10 10, 10
WEt -k ml 52 52 52 52 52 52 52 52 52 52 52 52 52
TN e ml 20| 20| 20| 20| 20| 20| 20§ 20f 20| 20{ 20| 20] 20
b L 1o%s0 3 ml| 500] 500| 50.0]| 500| 500} 500| s500| s0.0| 50.0] s0.0| 50.0]| 500]| 500
— R T ey hour| 7434.5 |4756.0 [2375.0 {1184.5 | 738.1 | 589.3 | 291.7 | 217.3| 1429 105.7| 68.5| 31.3| 126
—REMRE B X day| 309.8| 198.2] 99.0| 49.4] 308] 246 122| 91| 60| 44| 29| 13| o5
ZXREMBREMN hour| 83| 83| 83f{ 83| 83| 83| 83| 83| 83| 83| 83| 83| 83
ZREMRRE B K day 03| 03] 03| 03] 03| 03] 03} 03] 03f{ 03| 03] 03| 03
Lot s hour| 74429 [4764.3 [2383.3 [1192.9 | 746.4 | 597.6 | 300.0 | 225.6 | 151.2| 114.0| 768| 39.6] 21.0
Bl X day| 310.1| 1985 99.3]| 49.7| 31.1| 249 125| 94| 63| 47| 32| 16| 09
kiR ratio] 2000 1280 640 320 200 160 80 60| 40 30 20 10 5
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Table 3. Relationship among samples before and after electric condensation with volume ratio and tritium values.
wrm|wnk| D0 oo o|mairl mrLr | RO | s | gaie | TR0 pgsen | narn) masnm| o s
i ¢ L |RHERE) BERA mE | AWE | XuE e WEMR |WENR| THR | BF |BE
RBAR = L R
B g g DPM | DPM/g TU g nS/cm | xS/cm DPM DPM |DPM/g TU
ALY
7771 1,500 0.0 0 0 0 70 21 73 32 36| 18 0 50 -4.0
v ¥
&éﬁmfﬁ 250 1.0] 2,303,100] 9,205j 1,298,831 54 5 72 13 1,394,945] 900,299] 18,006| 2,540,594] 0.61] -3.1
ﬁm 502 1.0] 2,303,100} 4,591 647,733 62 8 72 33 1,242,134 694,833 13,896] 1,960,770 0.54] -3.4
ﬁfﬁ 1,000 1.0} 2,303,100] 2,303] 325,000 51 20 51 24 1,133,301} 1,104,582| 22,091} 3,117,081} 0.49] -4.2
%f!!m 2,000 1.0} 2,303,100 1,152] 162,484 79 25 77 7 1,058,605 690,094 13,802 1,947,397 0.46] -4.2
&gi&m 2,044 1.0y 2,303,100f 1,127} 159,002 54 38 53 13 1,019,530] 958,205 19,164] 2,704,003 0.44] -4.5
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Fig. 5. Efficiency for HTO recovery factor by condensing process.
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Fig. 6. Flow chart for HTO analyses.
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Table 4. HTO contents in water samples in various water reservoirs in polar regions.
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K R 100 A2 A b)
ILERERE BEDEKN 200 ~500| % 2) bid
%8 19644 DSRE A 0.0~ 18 <] " Ostlund et al., 1969
28— VKFIHFER | KA SR 0~10f & #  |Kamiyama et al., 1986
HENERXEE |BECKRE 20 ~ 100 Fi3 i s, 1997
ENARS SUR L 2 WP QUE I IIE-% 2 0~280 - &= Kamiyama et al., 1986
HEXEXE BEOBAR 1000 ~ 1500 A i Kamiyama et al., 1989
LEREHREE [——FAv> 3~300 IAEA/WMO, 1998
HREERBREE | N—L—%E 5~ 600 IAEA/WMO, 1998
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Table 5. Duration for tritium measurement for various content of water samples in
various water reservoirs in polar regions.
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AEHEE i1 % ¥k BEBE ItBREE BERAEMRE
AEERE g 100000 10000 1000 50 50
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Table 6. HTO content in monthly depositions in Greenland, Svalbard and Antarctica.
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Fig. 7. HTO content in deposition in polar regions, reported in IAEA/ WMO databese.
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Fig. 8. Comparison between the values of HTO content in the deposition in summer 1994

and in winter 1995 in Ny-Alesund, Svalbard, obtained in shorter and monthly time
series. Monthly date were reported in IAEA/ WMO databese.
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Fig. 9. Tritium circulation and tritium content in each water reservoir of polar region.
Concentration levels of tritium level are expressed as EL<L<H <EH from low to

high.
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