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Gasoline, which is widely produced, transported and consumed in 
our society creates a high potential for environmental con- 
tamination to water supplies. The sources of the gasoline 
pollution are typically from leakage of old underground storage 
tanks, losses in transit and during product usage. Leakage of 
gasoline from underground tanks may require the dr i l l ing of 
monitoring wells and sampling a number of sites to determine 
the outline of the plume. 

Monitoring for gasoline contamination in drinking water wells 
requires an analysis procedure capable of detecting parts per 
b i l l ion (ppb) levels of gasoline in water. A number of solvent 
extraction and stripping preconcentration procedures are 
reported in the l i terature (Nunez et al. 1984; Karasek et al. 
1981). Traditional solvent extraction procedures for 
hydrocarbons in fuels are good for identif ication (Murray and 
Lockhart 1981; Roberts and Thomas 1986). 

However, in solvent extraction procedures only an aliquot of 
the total concentrate is injected into and analyzed by gas 
chromatography. Low ppb detection limits may not be achieved 
with small water sample volumes. Stripping-thermal desorption 
procedures offer the highest possible concentration factor 
since the total volati le contaminant in a water sample is 
collected, desorbed, and analyzed. 

This study was conducted to determine the appl icabi l i ty of 
using a stripping preconcentration procedure to measure low 
levels of gasoline in water. 

MATERIALS AND METHODS 

Test samples were prepared by fort i fy ing laboratory tap water 
with known concentrations of unleaded gasoline obtained from a 
local service station. A 2 uL injection of a 44 ng/mL standard 
of l-chlorohexane (Coleman et al. 1984) obtained from Pfaltz 
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Figure 1. Multicomponent Collection Tube 

and Bauer, Inc. ,  was added to the f o r t i f i e d  sample. Al l  
solutions containing l-chlorohexane and gasoline were d i lu ted 
with carbon d isu l f ide  (EM Science). 

The f o r t i f i e d  water sample (15-mL) was sparged (purged and 
trapped) from a 15 x 150 mm glass sparging vessel ins ta l led  in 
the oven of a dynamic thermal s t r ipper  (Belkin and Esposito 
1986). The a i r  temperature of the oven was set at 50 ~ C, and 
20 min were allowed for  the water temperature to equ i l ib ra te .  
The sparge gas used to s t r ip  the vo la t i l es  from the water and 
the "dry" gas used to prevent water condensation in the 
col lect ion tube both had Flow rates on 50 mL/min nitrogen. The 
block and tube heater temperatures were set at 130 ~ C and 50 ~ 
C, respect ively.  The vo la t i l e  analytes from the water samples 
were col lected on a 20.5 cm glass tube (7 mm o.d. x 4 mm i . d . )  
containing 250, I00, 150 and 50 mg of glass ~beads, Tenax| 
Ambersorb| XE340 and charcoal (Figure l ) .  To prevent water 
vapor from condensating in the collection tube after sparging 
was completed, "dry" nitrogen gas was continued to be passed 
thru the adsorption tube for l min. Using an Envirochem, Inc., 
Unacon Model 810A concentrator interfaced to a Hewlett Packard 
5880A gas chromatograph, the collection tube was thermally 
desorbed at 250 ~ C for 3 min and transferred to the 
concentrator. The dual trapping system in the concentrator 
includes large and small bore internal traps packed with the 
same adsorbents as the collection tube. The gas chromatograph 
was equipped with a fused-si l ica capi l lary column, 30m X 0.25 
mm i . d . ,  1.0 pm f i lm thickness of Durabond-1 (J&W Sc ien t i f i c  
Co., Inc.)  and a flame ionizat ion detector (FID). The helium 
flow rates thru the column and detector were 1.5 and 30 mL/min, 
respect ively.  The oven temperature was maintained at 40 ~ C for  
2 min, programmed at 25 ~ to 95 ~ C/min and held for 2 min, 
programmed at 8 ~ C/min to a f ina l  temperature of 200 ~ C. 

| is a registered trademark of Enka N.V., the Netherlands 
| XE-340 is a registered trademark of Rohm and Haas, 
Philadelphia, PA. 
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Chromatogram of lOOppb Gasoline Sparged 
f rom W a t e r ,  S e l e c t e d  Peaks  a r e  I d e n t i f i e d  
in Table 2 

Calculations were made by comparing the rat io of total area 
found for the external gasoline standard to the area found for 
the gasoline peaks in the sample. 1-Chlorohexane was used as 
an internal standard, to evaluate the efficiency of each 
individual stripping procedure. 

RESULTS AND DISCUSSION 

A summary of the analysis of gasoline in water from I0 to 500 
ppb (w/v) is detailed in Table I.  The recoveries for gasoline 
varied from 95 to 104Z with the coeff ic ient  of var iat ion 
between 9.4 and 10.6%. The precision and accuracy for selected 
components of gasoline stripped from water are shown in Table 2. 

The v a r i a b i l i t y  of analytical results from str ipping the 
gasoline from water is similar to the precision found in 
repet i t ive  analysis of the gasoline standards. 

Most str ipping procedures involving thermal desorptJon use 
Tenax as the col lection medium (Kuo et al. 1977; Drozd et al. 
1986). However Tenax has a low re ten t i v i t y  for low molecular 
weight hydrocarbons (Krost et al 1982; Sydor and Pietrzyk 
1978). For gasoline in water (500 ppb), comparison of the 
Tenax col lect ion tube versus the multicomponent tube showed 
that the Tenax adsorbent had a poor col lection ef f ic iency for 
hydrocarbons eluting from the column before toluene, The 
multicomponent tube (glass beads/Tenax-TA/Ambersorb 
XE-340/charcoal) was ef fect ive in the collection and desorption 
of the wide range of compounds found in gasoline. 
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Table I .  Precision and accuracy for  gasoline in water 
Theoretical Coef f ic ien t  of  

Concentration Level* Recovery Var ia t ion 
(ppb) (%) (%) 

500 95.4 I0.6 
lO0 I04.0 9.4 
lO lO0.O 9.7 

* Six analysis at each level 

Table 2. 

Compound 
No. 

Precision and accuracy for  selected compounds in 
gasoline at a concentration of I00 ppb in water 

Coef f i c ien t  of  
Compound Recovery Var ia t ion 

Name (%) (%) 

I 3-Methylpentane 128 32 
2 n-Hexane 77 30 
3 Benzene 106 13 
4 Isooctane 104 12 
5 n-Heptane 121 33 
6 Toluene I00 4.6 
7 n-Octane I01 7.0 
8 l-Chlorohexane* 116 10.4 
9 Ethyl benzene I00 5.0 

I0 p+m-Xylene 100 4;4 
11 o-Xylene 99 4.3 
12 n-Nonane 99 5.6 
13 n-Undecane I00 10.4 

*l-Chlorohexane is a standard added to the water sample. 

The stripping procedure involves using a small water sample (15 
mL). The method is re lat ive ly  rapid since three samples can be 
sparged at one time. The thermal desorption - gas 
chromatography time was less than 30 min. A typical 
chromatogram is shown in Figure 2. Greater resolution in the 
chromatography may be obtained by using conditions that prolong 
the analysis time such as slower temperature programming or a 
longer capi l lary column. In this study a balance was made 
between acceptable resolution and analysis time. 
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