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Estimating Partition Coefficients of Partitioning Tracers
between Water and BTEX Mixtures
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ABSTRACT

The partitioning tracer method has been studied as an alternative method for detecting and characterizing the distribution
of nonaqueous phase liquids (NAPLs) contaminants in subsurface. The reliability of the partitioning tracer method
depends on accurate measurements of partition coefficients of the partitioning tracers between water and NAPLs. In this
study, partition coefficients of several alcohol tracers between water and benzene, toluene, ethylbenzene, xylene, and
BTEX mixtures are estimated using the modified approach of equivalent alkane carbon number (EACN). Agreements
between the measured and estimated partition coefficients were generally observed in experiments. Based on these results,
it is confirmed that the partition coefficients of tracers are readily obtained without experiments if the EACN values for the
tracers and LNAPLs are known.
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BTEX £3}=27} AP 71 il 44710 af Al ol = 49
Table 1. Properties of BTEX
BTEX Chemical formula Molecular weight (g/mol) Density (g/mL) Solubility (mg/LL) Manufacturer Purity (%)
Benzene Cs-Hs 78.11 0.88 1780 JUNSEI 99.5
Toluene Cs-Hs-C-H; 92.14 0.87 500 Aldrich 99.5
Ethylbenzene C-H;-C-Hp-Cs-Hs 106.17 0.86 140 Aldrich 98.0
Xylene Cs-Hs~(CH3), 106.17 0.87 170 Aldrich 83
Table 2. Mixing ratios for BTEX mixtures
BTEX mixture ratio
Sample Mole ratio Weight ratio
Benzene Toluene  Ethylbenz-ene  Xylene Benzene Toluene  Ethylbenz-ene  Xylene

Mixture A 1 1 1 1 1 1.18 1.36 1.36

Mixture B 2 1 1 1 1 0.59 0.68 0.68

Mixture C 1 2 1 1 1 2.35 1.36 1.36

Mixture D 1 1 2 1 1 1.18 2.72 1.36

Mixture E 1 13.18 3.96 17.01 1 15.55 5.39 23.12
Table 3. Properties of selected alcohol tracers

Tracers Chemical formula Molecular weight (g/mol) Density (g/mL)  Manufacturer Purity (%)
1-Butanol C,;-Ho-O-H 74.12 0.810 Aldrich 99.9
1-Pentanol C,;-Hy-C-H,-O-H 88.15 0.811 Aldrich 99+
Hexanol Ce¢-Hi-O 102.18 0.814 Aldrich 99+
2-Ethyl-1-butanol ~ (C,-H;),-C-H-C-H,-O-H 102.18 0.833 Aldrich 98
4-Methyl-2-pentanol (C-H;)-C-H-C-H,-C-H-(O-H)-C-H; 102.18 0.808 Aldrich 99
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Fig. 1. Partitioning of hexanol between BTEX and water: (a)
BTEX, (b) BTEX mixtures.
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BTEX £33} o 3b 2l g F274e] BufrAls o5 51

Table 4. Measured partitioning coefficients (K) of tracers between water and BTEX

Tracers Contaminants K R? Contaminants K R?
Benzene 1.47 1.000 Mixture A 1.99 0.975
Toluene 0.60 0.978 Mixture B 1.10 0.996
Butanol Ethylbenzene 0.62 0.999 Mixture C 0.76 0.998
Mixture D 0.96 0.972
Xylene 0.88 0.943 .
Mixture E 0.42 0.998
Benzene 2.68 0.979 Mixture A 2.36 0.992
Toluene 1.98 0.992 Mixture B 249 0.999
Pentanol Ethylbenzene 2.20 0.992 Mixture C 231 0.999
Mixture D 2.37 0.991
Xylene 1.68 0.999 .
Mixture E 2.88 0.948
Benzene 14.00 0.995 Mixture A 14.48 0.968
Toluene 8.65 0.990 Mixture B 10.67 0.998
Hexanol Ethylbenzene 14.51 0.993 Mixture C 7.62 0.995
Mixture D 18.23 0.958
Xylene 12.06 0.996 .
Mixture E 19.29 0.964
Benzene 12.59 0.989 Mixture A 6.97 1.000
Toluene 6.86 0.990 Mixture B 6.74 0.988
2-Ethyl-1-butanol Ethylbenzene 5.71 1.000 Mixture C 8.07 0.985
Mixture D 6.56 0.992
Xylene 5.95 1.000 .
Mixture E 5.74 0.999
Benzene 7.44 0.988 Mixture A 4.57 1.000
Toluene 3.70 0.999 Mixture B 4.60 0.998
4-Methyl-2-pentanol Ethylbenzene 2.83 0.990 Mixture C 6.15 0.975
Mixture D 4.55 0.988
Xylene 3.48 0.995 i
Mixture E 9.18 0.949

K: Partitioning coefficient
R?: Determination coefficient
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Fig. 2. Comparison of bilinear regression equation and measured
results from partitioning batch experiments.
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Fig. 3. Comparison of predicted and measured partition coefficients of various alcohol tracers with BTEX (EACN values of tracers:

butanol = 4, pentanol = 5, 4-methyl-2-pentanol =

5.4, 2-ethyl-1-butanol =

5.84, hexanol = 6).

Table 5. Comparison of experimental and estimated partition coefficients (log K) of BTEX

Benzene Toluene Ethylbenzene Xylene
Alcohol tracers
Exp. Est. Exp. Est. Exp. Est. Exp. Est.
Butanol 0.04 -0.15 -0.46 -0.28 -0.47 -0.40 -0.55 -0.40
4-Methyl-2-pentanol 0.87 0.76 0.57 0.64 045 0.53 0.54 0.53
2-Ethyl-1-butanol 0.90 1.05 0.86 0.93 0.80 0.81 0.82 0.81
Pentanol 0.52 0.50 0.49 0.38 0.34 0.26 0.32 0.26
Hexanol 1.15 1.15 0.94 1.04 1.16 0.92 1.08 0.92

Exp.: Experimental value

Est.: Estimated value
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BTEX £33} o 3b 2l g F274e] BufrAls o5 53
Table 6. Comparison of measured and estimated partition coefficients (log K) of BTEX mixture
Mixture A Mixture B Mixture C Mixture D Mixture E
Alcohol tracers
Exp. Est. Exp. Est. Exp. Est. Exp. Est. Exp. Est.
Butanol 0.30 -0.31 0.04 -0.28 -0.12 -0.30 -0.02 —0.33 -0.38 —0.36
4M2P 0.66 0.60 0.66 0.63 0.79 0.61 0.66 0.59 0.96 0.57
2E1B 0.84 0.89 0.83 0.92 091 0.90 0.82 0.87 0.76 0.85
Pentanol 0.37 0.34 0.40 0.37 0.36 0.35 0.37 0.32 0.46 0.31
Hexanol 1.16 0.99 1.03 1.02 0.88 1.00 1.26 0.98 1.29 0.96
Exp.: Experimental value
Est.: Estimated value
4M2P: 4-Methyl-2-pentanol
2E1B: 2-Ethyl-1-butanol
100 100 T T
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Fig. 4. Comparison of predicted and measured partition coefficients of various alcohol tracers with BTEX mixtures (EACN values of
tracers: butanol = 4, pentanol = 5, 4-methyl-2-pentanol = 5.4, 2-ethyl-1-butanol = 5.84, hexanol = 6).
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