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Cool ing wa ter of Heavy Ion Re search Fa cil ity in Lanzhou is the me dia of choice for ab sorb ing
heat gen er ated by a mul ti tude of ac cel er a tor com po nents. Dur ing the op er a tion, tri tium is
pro duced by the sec ond ary neu trons in the ac cel er a tor loop of ac cel er a tor cool ing wa ter,
which is uni formly dis trib uted in the wa ter sys tem in the form of hy dro gen tri tium ox ide. The 
pur pose of this study is to es tab lish a rig or ous method to mea sure the low lev els of tri tium in
the ac cel er a tor cool ing wa ter sys tem. The cool ing wa ter sam ples of Sec tor Fo cus ing Cy clo -
tron and Sep a rated Sec tor Cy clo tron of Heavy Ion Re search Fa cil ity in Lanzhou, as well as
the nat u ral lev els of tri tium, were mea sured suc cess fully, us ing Quantulus1220 ul tra-low-
level back ground liq uid scin til la tion spec trom e ter. The elec tro lytic en rich ment method was
em ployed to mea sure the tri tium ac tiv ity con cen tra tions of the cool ing wa ter sam ples. More -
over, the min i mum de tect able ac tiv ity con cen tra tion and the count ing rate ef fi ciency curve of
the liq uid scin til la tion spec trom e ter were ob tained to en sure re li abil ity. In this work, we pro -
vide a ref er ence to es tab lish the re lated stan dards and spec i fi ca tions for mon i tor ing the tri -
tium lev els in heavy-ion ac cel er a tor cool ing wa ter sys tem.
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IN TRO DUC TION

Tri tium (3H) is a ra dio ac tive iso tope with a phys -
i cal half-life of 4500 ± 8 days [1]. It is cre ated in na ture
by cos mic rays in ter act ing with the at mo sphere, nu -
clear ex plo sion, and nu clear fa cil ity op er a tions, such
as nu clear power plants and par ti cle ac cel er a tors.

The Heavy Ion Re search Fa cil ity in Lanzhou
(HIRFL) con sists of the Sec tor Fo cus ing Cy clo tron
(SFC), the Sep a rated Sec tor Cy clo tron (SSC), and the
cooler  stor age ring (CSR) [2]. As SSC runs in con -
junc tion with SFC, the max i mum en ergy of 12C4+ is
1200 MeV, and the cor re spond ing cur rent is 60 µA,
while the max i mum en ergy of 209Bi31+ is 1985.5 MeV,
and the cor re spond ing cur rent is 45 nA [3].

The cool ing wa ter of HIRFL is the me dia of
choice for ab sorb ing heat gen er ated by a mul ti tude of
ac cel er a tor com po nents. A flow di a gram of the cool -
ing wa ter sys tem of SFC and SSC in HIRFL is shown
in fig. 1. It con sists of two loops, which are the sec ond -

ary loop and the ac cel er a tor loop. Dur ing the op er a tion 
of the ac cel er a tor, tri tium was pro duced by the sec ond -
ary neu trons in the ac cel er a tor loop. Thus, the tri tium
con cen tra tion in cool ing wa ter might be higher than
the nat u ral lev els in the vi cin ity of HIRFL. Tri tium en -
ters the en vi ron ment usu ally as a re place ment for one
of the hy dro gen at oms in wa ter, which is uni formly
dis trib uted into the wa ter sys tem with the most prob a -
ble form of Hy dro gen Tri tium Ox ide [4, 5], which can
be ob served in a lo cal ra dio ac tive im pact. How ever,
there is no stan dard method to guide the mea sure ment
of tri tium in the ac cel er a tor cool ing wa ter sys tem. It is
nec es sary to carry out an ex per i men tal study on the ac -
tiv ity con cen tra tion of tri tium in ac cel er a tor cool ing
wa ter at the Lanzhou heavy ion re search fa cil ity.

The pur pose of this ex per i men tal study is to es -
tab lish a rig or ous method to mea sure the low-level of
tri tium in ac cel er a tor cool ing wa ter. The re search was
per formed in four steps: De sign and ma chin ing of
elec tro lytic en rich ment de vice, Elec tro lytic en rich -
ment, Mea sure ment, and Anal y sis. The re sults show
that the tri tium con cen tra tion in SFC and SSC of
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HIRFL were 3.268 and 3.293 times higher than that in
the back ground sam ple, re spec tively. Ac cord ing to the 
re sults, ap pro pri ate ad vice will be pro vided for mon i -
tor ing the ac tiv ity con cen tra tion of tri tium in ac cel er a -
tor cool ing water.

EX PER I MEN TAL PRO CE DURE

Tri tium is a soft beta-emit ter radionuclide with a
max i mum en ergy of 18.6 keV. Based on the ra dio ac tiv -
ity, Tri tium can be ob served by mea sur ing the elec trons
pro duced by the de cay of tri tium or by ra dio met ric mea -
sure ments. The com mon meth ods for low-level count -
ing of tri tium are ei ther us ing gas-pro por tional count ing 
or liq uid scin til la tion count ing [6, 7]. Con sid er ing the
low-level count ing rate, the Quantulus1220 ul tra-
low-level back ground liq uid scin til la tion spec trom e ter
pro duced by Perkin Elmer was em ployed.

De sign and ma chin ing of elec tro lytic
en rich ment de vice

Due to the low-level count ing rate in the wa ter
sam ples, it is nec es sary to im prove the tri tium con cen -

tra tion by elec tro lytic en rich ment [8, 9]. Ac cord ing to
GB12375-90 An a lyt i cal method of tri tium in Wa ter
[10], a tri tium elec tro lytic en rich ment de vice in ac cel -
er a tor cool ing wa ter was de vel oped. The main unit of
the elec tro lytic en rich ment de vice is shown in fig. 2.
Aux il iary de vices in clude the power sup ply sys tem
and the cool ing sys tem. The an ode is a nickel (pu rity:
99.9 %) tube and the cath ode is a mild steel tube. The
an ode and cath ode are con nected to Tef lon in su la tion
sealed spacer.

The an ode has a vent, through which the gases
pro duced by elec trol y sis can en ter the liq uid con den -
sa tion tube. The wa ter va por, as well as ox y gen and hy -
dro gen gases pro duced by elec trol y sis, con densed in
the con dens ing tube, and the con densed wa ter re turns
to the elec tro lytic cell, which could re duce the wa ter
loss and im prove the elec tro lytic re cov ery of tri tium.

 The out side of the cath ode is de signed as a dou -
ble-layer struc ture. The interlayer is con nected with
an hy drous eth a nol, which is con nected with the cool -
ing circulator to trans fer the heat gen er ated by elec trol -
y sis and re lieve the elec tro chem i cal cor ro sion caused
by the rise of elec tro lyte tem per a ture. The tem per a ture
of an hy drous eth a nol is 5 °C. The elec tro lytic en rich -
ment de vice is sup plied by a sta bi lized DC power sup -
ply with a work ing volt age of 3 V.
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Fig ure 1. Flow di a gram of the cool ing wa ter sys tem of the SSC and SFC in HIRFL



Elec tro lytic en rich ment

Clean ing elec tro lytic cell

Be fore the ex per i ment, a con cen trated hy dro -
chlo ric acid (50 %) and a so dium hy drox ide so lu tion
(10 %) are con fig ured to re move oil and dust im pu ri -
ties in the elec tro lytic cell. The cell was first cleaned
with con cen trated hy dro chlo ric acid, and then with so -
dium hy drox ide, and fi nally washed with an hy drous
eth a nol. Af ter the elec trol y sis of each sam ple, the elec -
tro lytic cell should be cleaned in time. The clean ing
steps in volve tri ple rins ing with tap wa ter, ultrapure
wa ter, and an hy drous eth a nol.

Sam pling

The cool ing wa ter used in the ac cel er a tor loop is
ul tra-pure wa ter. The 500 ml cool ing wa ter from SFC
and SSC were col lected af ter the side fil ter, fil tered by
the pu ri fied resin, and the sam ples are la beled as S1 and 
S2, re spec tively. An other 500 ml ul tra-pure wa ter was
col lected from the re turn pipe of the ac cel er a tor cool -
ing wa ter sys tem and la beled as B0.

Elec tro lytic en rich ment

Three groups of sam ples (S1, S2, and B0) were
de com posed by elec trol y sis, re spec tively. For each
sam ple, 2.5 g of NaOH was added to 250 ml of the pre -
vi ously dis tilled wa ter. The NaOH is an al ka line me -

dium fa vor able to elec tric con duc tion and hence the
re ac tion of wa ter elec trol y sis is per formed. When the
sam ple so lu tion vol ume was re duced to 8 ml, the an -
ode dis en gaged from the liq uid level and the elec trol y -
sis stopped. The to tal time of elec trol y sis of one sam -
ple was about 140 hours.

Neu tral iza tion dis til la tion

To re duce the quench ing ef fect dur ing the mea -
sure ment us ing a liq uid scin til la tion spec trom e ter, the
re sid ual elec tro lyte was neu tral ized and dis tilled with
CO2 to re duce the amount of NaOH in the sam ples.
The re sid ual elec tro lyte treat ment ap pa ra tus is shown
in fig. 3.

Mea sure ment

For each sam ple, 8 mL of the re sid ual elec tro lyte
was col lected af ter neu tral iza tion and dis til la tion. The
di luted re sid ual elec tro lyte was trans ferred into the
liq uid flash mea sur ing bot tle, to gether with 12 ml of
scin til lat ing cock tail (Ul tima Gold TM), and the so lu -
tion was thor oughly mixed. The mixed sam ple was
stored in dark for 24 hours and then mea sured with the
Quantulus 1220 liq uid scin til la tion spec trom e ter. 

The con cen tra tion ra tio of tri tium af ter elec trol y -
sis is equal to the ra tio of the ac tiv ity con cen tra tion of
tri tium in the con cen trated so lu tion of elec trol y sis to
the ini tial ac tiv ity con cen tra tion of the sam ple. The
quench ing cor rec tion is the ra tio method [11].
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Fig ure 2. Tri tium elec tro lytic en rich ment de vice



Count ing ef fi ciency of liq uid
scin til la tion spec trom e ter

To ob tain the ac tiv ity con cen tra tion of the mea -
sured sam ple, it is nec es sary to mea sure the re la tion ship
be tween the count ing rate and de cay rate of sam ples
with dif fer ent ac tiv ity con cen tra tions. The count ing ef -
fi ciency E of the liq uid scintillator mea sur ing in stru -
ment is also mea sured in this stage [12].

In this ex per i ment, the ef fi ciency cal i bra tion of
ul tra-low back ground liq uid scin til la tion spec trom e ter 
was con ducted by the ra tio method us ing eq. (1)

E
N N

A
=

-s b

0

100 % (1)

where Ns is the count ing rate of stan dard tri tium so lu -
tion, in pulses per sec ond, Nb – the count ing rate of the
black sam ple, in pulses per sec ond, and A0 – the ac tiv -
ity of stan dard tri tium so lu tion. The de cay per min ute
(DPM) of tri tium in each sam ple was then ob tained us -
ing the fol low ing eq. (2).
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N N

E
=
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where Nd is the count ing rate of the sam ple, in pulses
per min ute, and Nb – the count ing rate of the black sam -
ple, in pulses per min ute.

The sam ple ac tiv ity is ob tained by eq. (3)
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where A [BqL–1] is the ac tiv ity con cen tra tion of tri tium 
in the sam ple, V1 [mL] – a vol ume of di luted sam ples.
V2 [mL] – a vol ume of di luted sam ples used for mea -
sure ment. V3 [L] – the con cen tra tion vol ume of sam -

ples, and T – the con cen tra tion mul ti ple which is
ob tained by eq. (4).

T
A

A
= s (4)

where As is the ac tiv ity con cen tra tion of tri tium af ter
elec trol y sis, [BqL–1].

Since the sam ple was treated by elec trol y sis con -
cen tra tion and dis til la tion, the elec trol y sis con cen tra -
tion mul ti ple of tri tium and the col lec tion ef fi ciency of
dis til la tion should be con sid ered when cal cu lat ing the
ac tiv ity con cen tra tion of tri tium in the sam ple [13].
The SS is an 8 ml elec tro lyte re sid ual liq uid ob tained
by elec tro lytic dis til la tion of 250 ml N2 with an ac tiv ity 
con cen tra tion of 100 BqL–1. The ac tiv ity con cen tra -
tion of SS is 48.50 BqL–1. It can be ob tained by con sid -
er ing the mea sured value of SS, count ing ef fi ciency
curve, and dis til la tion loss cor rec tion.

The min i mum de tect able ac tiv ity con cen tra tion
is cal cu lated by eq. (5).
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where Nb is the back ground count ing rate, Tb [min] – 
the back ground sam ple count ing time. Eh [%] – the
sam ple count ing ef fi ciency. V [L] – the sam ple vol ume.

RE SULTS ANAL Y SIS

The vol umes and di lu tion ra tio of each re sid ual
elec tro lyte af ter dis til la tion are shown in tab. 1.

Stan dard tri tium so lu tions with dif fer ent ac tiv ity
con cen tra tions were pre pared based on the ini tial ac -
tiv ity con cen tra tion of 15.40 Bqmg–1 (The pro duc tion
date is April 21, 2017). The spe cific val ues are shown
in tab. 2.

The ef fi ciency curve of the ul tra-low-level back -
ground liq uid scin til la tion spec trom e ter is shown in
fig. 4. The Y is DPM and X is ac tiv ity con cen tra tion.

The mea sured back ground sam ple vol ume is 8 ml,
and  the  mea sure ment time of the back ground sam ple is
1 min ute. The count ing ef fi ciency of the back ground
sam ple is 36.73 %. The min i mum de tect able ac tiv ity
con cen tra tion is 0.32 BqL–1. Thus, the count ing rate of
the back ground sam ple is 1.4223 DPM. Ta ble 3 shows
the ac tiv ity con cen tra tion of  3H in cool ing wa ter in SFC
and SSC.

Ac cord ing to the anal y sis that has been afore men -
tioned, the back ground ac tiv ity con cen tra tion of tri tium
in the ac cel er a tor cool ing wa ter is 0.41 ± 0.02 BqL–1,
the ac tiv ity con cen tra tions of tri tium in S1 and S2 is 1.34
± 0.04 BqL–1 and 1.35 ± 0.04 BqL–1, re spec tively. 

For the ac cel er a tor, due to the man u fac tur ing er -
ror of the main mag net in the cy clo tron and space
charge ef fect, some par ti cles will sense in cor rect trans -
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Fig ure 3. Elec trol y sis re sid ual liq uid dis til la tion
ap pa ra tus



verse and lon gi tu di nal fo cus ing mag netic field and
lost on the vac uum cham ber wall along the beam trans -
mis sion path fi nally. The lost par ti cles in ter act with the 
sur round ing ma te rial to pro duce sec ond ary neu trons,
which cause the ac ti va tion of wa ter. It can be seen that
the ac tiv ity con cen tra tion of tri tium in SFC and SSC

cool ing wa ter were about 3.3 times the back ground
sam ple since the cool ing wa ter run ning time of SFC
and SSC is the same, about 3 months, each.

CON CLU SIONS

An elec tro lytic en rich ment method to mea sure the
tri tium ac tiv ity con cen tra tions in ac cel er a tor cool ing wa -
ter has been de vel oped based on the ex per i ment us ing the 
cool ing wa ter of HIRFL. The min i mum de tect able ac tiv -
ity con cen tra tion and the count ing rate ef fi ciency curve
of Quantulus1220 ul tra-low-level back ground liq uid
scin til la tion spec trom e ter were mea sured. The ac tiv ity
con cen tra tions ob tained when the count ing rate is over
the min i mum de tect able ac tiv ity con cen tra tion are re li -
able within the in cer ti tude. Thus, not only cool ing wa ter
sam ples of SFC and SSC but also nat u ral lev els of tri tium 
have been mea sured suc cess fully.

This re sult can be pro vided as a con cept for es ti -
mat ing the in duced ra dio ac tiv ity in ac cel er a tor cool -
ing wa ter. Also, it pro vides a ref er ence to es tab lish the
re lated stan dards and spec i fi ca tions for mon i tor ing the 
ac tiv ity con cen tra tion of tri tium in par ti cle ac cel er a tor
cool ing wa ter.
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^ung SJU, Jang VANG, Tjeming XU, Hungkaj VANG, Jouvu SU, \asju CUO, \ing`u HAN

EKSPERIMENTALNO  PROU^AVAWE  KONCENTRACIJE 
AKTIVNOSTI  TRICIJUMA  U  VODI  ZA  HLA\EWE  TE[KOJONSKOG 

ISTRA@IVA^KOG  POSTROJEWA  U  LANXOU

Rashladna voda iz postrojewa za istra`ivawe te{kih jona u Lanxou, odabrani je medijum
za apsorpciju toplote generisane mno{tvom komponenti akceleratora. Tokom rada, tricijum se
proizvodi sekundarnim neutronima u akceleratorskoj petqi sa vodom za hla|ewe akceleratora,
koji se ravnomerano raspore|uje u vodi sistema u obliku vodonik-tricijumoksida. Svrha ove
studije je da uspostavi preciznu metodu za merewe niskog nivoa tricijuma u sistemu za hla|ewe
akceleratora vodom. Uzorci rashladne vode sektorskog fokusiraju}eg ciklotrona i izdvojenog
sektorskog ciklotrona te{kojonskog istra`iva~kog postrojewa u Lanxou, kao i prirodni niovi
tricijuma, uspe{no su mereni pomo}u Quantulus1220 – te~nog scintilacionog spektrometra ul -
tra-niskog pozadinskog zra~ewa. Metoda elektroliti~kog oboga}ivawa kori{}ena je za merewe
koncentracija aktivnosti tricijuma u uzorcima rashladne vode. [tavi{e, kako bi se osigurala
pouzdanost, dobijena je minimalna koncentracija aktivnosti koja se mo`e uo~iti kao i kriva
efikasnosti brzine brojawa te~nog scintilacionog spektrometra. Ovim radom obezbe|ujemo
referencu za uspostavqawe srodnih standarda i specifikacija za pra}ewe nivoa tricijuma u
sistemu za hla|ewe vodom akceleratora te{kih jona.
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