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Quenching Curves for VOCs in the Analysis of Groundwater “C -
using Liquid Scintillation Counter
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ABSTRACT

Optimal quenching curves have been studied for the accurate analysis of *C in groundwater polluted by reducing
efficiency of volatile organic compounds (VOCs) in liquid scintillation counter (LSC). The quenching parameters
(SQP(E)) were measured for ten VOCs such as benzene, toluene, ethylbenzene, o-(m-,p-)xylene, trichloroethylene (TCE),
tetrachloroethylene(PCE), carbon tetrachloride and chloroform. The quenching curves were plotted using *C standard
solution and chloroform as a quenching agent. Optimal plotting conditions were determined for standard solution, LSC
measuring time and the concentration of chloroform. The quenching effects of chlorinated organic compounds such as
TCE, PCE, carbon tetrachloride and chloroform were greater than those of BTEX (benzene, toluene, ethylbenzene and
xylene). Optimum measuring time was 100 minutes for 7,000 dpm/mL standard solution. A few mL of chloroform should
be added for good quenching curves. These quenching curves have good correlation coefficients (> 0.99) and the curves
could be applied to accurate analysis of *C in groundwater and tap water.
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Table 1. Comparison the quenching parameters for ten VOCs in
C-14 beta spectra

Counting Total Count rate

VOCs time counts CPM SQP(E)
Benzene 100 min 612700 6127 867.2
Toluene 100 min 603200 6031 870.8
Ethylbenzene 100 min 596500 5964 868.4
o-Xylene 100 min 602200 6021 869.2
m-Xylene 100 min 598400 5983 868.9
p-Xylene 100 min 600600 6005 864.1
TCE 10 h 242100 403.4 486.7
PCE 10 h 6017 10.02 357.9
Carbontetrachloride 10 h 525.8 0.876 2543
Chloroform 10 h 241700 402.8 479.2

*: Solution of each vial consist of 9mL of cocktail solution
(Ultima Gold-LLT), 1 mL of standard solution (7,067 dpm/
mL), and 10 mL of each VOC. Counting times are 100 min for
benzene, toluene, ethylbenzene, three xylenes, and 10 h for
other VOCs.

A7t w9 =m AG-ES BTEXA Il 1%2} 0.1%
ATZ olE VOCY AH9E LSCE o)83l “cg IH
SARE AL AR Erbsd Ao wdEn
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el Sorke 5 89 o] tik Aol7t g £ Q)
o} o] AFAME o]9} o] S B o] e of
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714 SQPE) T A8l T JEe 2AKY 2,
274 Bl SUE F SAEFEY B Aegd)] B
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o] VT, & ABEW| TS SHERY F
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Fig. 1. '*C beta spectra for different chemical quenching.
Chloroform was used as chemical quenching agent to obtain
quenched solution. Counting vials and cocktail solutions were
low-K glass vials and Ultima Gold LLT, respectively.
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Table 2. Variation of SQP (E) and count rate with the volume of chloroform
Vial N No Chloroform Chloroform (0-230 pl) Chloroform (0-5 mL)
ial No.
SQP (E) CPM Volume SQP (E) CPM Volume SQP (E) CPM
1 871 6078 0 871 6056 0.0 871 6085
2 867 6042 5 870 6070 0.5 804 5695
3 872 6056 10 868 6021 1.0 770 5399
4 868 6049 15 870 6056 2.0 705 4600
5 871 6042 25 866 6042 2.5 688 4310
6 870 6063 45 862 6070 3.0 665 3943
7 870 6084 70 857 6013 3.5 647 3568
8 869 6052 110 849 5988 4.0 630 3234
9 868 6047 150 840 5970 4.5 612 2826
10 872 6069 230 832 5921 5.0 595 2431
Mean 869.8 6058 3 858.5 6021 _ 698.7 4209
SD 1.8 15 13.8 49 89.9 1238
SQP(E) at mL Chioroform
M 550 6?0 6?0 7?0 7El'>0 890 8?0 900
£(%) = 100 x CPM _ 100 x Sounting time, min (1) 86.5 90
DPM DPM
E 860 - 80 e
Chloroforme] o] Z713el| wleh ~mleddolny 254§ 855 n
S 85 '
¥ SQP(E) I BEWAM gologny Nad 2HE § g
€, 0] W sl 28] FERT SYgo] ¥ 3 B0 o T
ORIt} 43N SQPE)Y} SHEL(e)e] BAE o} 8 aus s &
B 4 @2 58 2 5 glov, g
W
i 84.0 - 40
Y= b0+ blx + b2x2 (2)
83.5 30

71ellM, e S8EE(%), x= SQP(E)) Folth. 23
AE ol8si] Aol o3| Yol SHaLS AT ¢
AL F7g-8He] M Fes A3 & 5= A Dok Fig.
25 chloroform 371l W& SQPE)} &8 AAE 1}
EPd A&33=4olt). ChloroformS mLét pl ©9jollx #
NS we] SQPE)} o} 23T AL ol 2
3-1), 3-2)¢} 2t}

~354.9+0.9751x - 0.0005386x%, 2=0.9998, at mL range
3-1)

Y=-1548.0+1.439x— 0.0008169x%, *=0.8784, at pl range
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Fig. 2. Quenching curves plotted with different chloroform
concentration in Ultima Gold LLT.

The black and gray lines are the correlation curves from pl and
mL scales of chloroform, respectively.
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Table 3. Comparison '*C efficiencies by quenching curves and calculation

Efficiency, %

Activity, Counts, SQpP

Water DPM CPM ®) using quenching curve ) using .
UGL BEN TOL EBN XYL  Mean+SD C STD
Di-water 7067 5,070 758 74.3 71.9 73.0 71.1 71.7 724+13 71.7
Tap water ’ 5,030 754 73.6 712 72.3 704 71.0 71.7£13 712

*: Abbreviation; UGL = Ultima Gold LLT, BEN = Benzene, TOL = Toluene, EBN = Ethylbenzene, XYL = m-Xylene, Mean = Mean

value of VOCs, BTEX=AIll VOCs,

**: The specific activity of C in standard solution was 7,067 dpm/mL.

100
B Toluene
A Benzene
80 1! v Ethylbenzene
O  m-Xylene
°\° “ All
= 60 -
0
c
K}
o
£ 404
w
= 0.9922
20 -
0 v T T T
400 500 600 700 800 9200

SQP(E)

Fig. 3. Correlation curve of counting efficiency and spectral
quench parameter obtained from different chloroform
concentration in BTEX. Dot symbol is value of all the BTEX,
other symbols are represented each VOC.

Y=-233.9+0.6371x - 0.0003083x%, #=0.9900, for Benzene
4-1)
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4-2)
Y=-2166+0.5856x~ 00002719, #=099%44, for Ethylbenzene
4-3)
Y=-2342+0.6339x - 0.0003038¢, #=0.9952, for m-Xylene
4-4)
Y=-240.8+0.6567x - 0.0003211x%, ¥=09919, for BTEX
4-5)
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Table 39 553} 55772 2ol 4 SQPE) &,
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