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Concentrations of vo la t i l e  halocarbons in water at the 
parts per b i l l i o n  level have been determined using gas 
chromatography in conjunction with Hall e l ec t ro l y t i c  
conduct iv i ty,  electron capture detection or flame 
ionizat ion.  These analyses have employed the following 
four d i f fe rent  sample handling techniques: d i rect  
aqueous inject ion (Nicholson et al. 1977), solvent 
extraction (Hendeson et al. 1976), gas str ipping (Grob 
1973, Bellar and Lichtenberg 1974, Kopfler et al. 1976, 
and Mieure et al 1976) and s ta t ic  headspace sampling 
(Kaiser & Oliver 1976, and Dietze and Singley 1979). 
Each method can be ef fect ive for analysis of selected 
halocarbons in water. All possess advantages and 
disadvantages which relate to equipment needs, desired 
detection l im i t s ,  sample matrix, and analysis speed. 
For this part icular  instance a routine method was 
required that would determine tr ichloroethylene (CHCI = 
CCI2), 1,1-dichloroethylene (CCI 2 = CH2), 1,2-dichloro- 

ethylene (CHCl = CHCI) and vinyl chloride (CH 2 = CHCI) 

in groundwater over a very large concentration range 
(0.1 ppb to 10 ppm). The method could not be adversely 
affected by less vo la t i l e  halogenated compounds which 
were known to be present in many of the samples. The 
interference of extraneous compounds cannot be 
prevented when employing d i rect  aqueous in ject ion and 
solvent extraction procedures. Past experience has 
shown that gas str ipping and headspace techniques are 
too time-consuming for routine application to a large 
number of samples. These l imi ta t ions led to the labor- 
atory development of the purge-closed loop method which 
combined the technique of both gas str ipping and head- 
space methods. Many parameters were considered and 
tested before the present equipment and experimental 
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procedures were adopted. Results of that  work are 
reported here. 

MATERIALS AND METHODS 

A p u r i f i e d  stream of a i r  is  bubbled through a twenty ml 
water sample contained in a spec ia l l y  designed purging 
chamber. The bubbler u n i t  is equipped with an o- r ing  
j o i n t  and i n j e c t i o n  port  as shown in Figure 1. The 
v o l a t i l e  organics are rap id l y  purged from the aqueous 
phase to the gaseous phase in a ten ml or f i ve  ml 
sampling loop. Af ter  equ i l i b r i um  is reached between 
the two phases, the v o l a t i l e  organics in the loop are 
in jected in to  the gas chromatograph by a Valco s i x - p o r t  
switch valve. The operat ional  procedures are shown in 
Figures 2, 3 and 4. The de ta i led  ana l y t i ca l  schemes 
are as fo l lows:  

Before the water sample was in jected in to  the bubbler 
u n i t ,  loop a i r  was f i l t e r e d  through a charcoal tube for 
ten minutes (Figure 2) to pu r i f y  the a i r  in the system. 

A twenty ml water sample was in jected in to  the bubbler 
u n i t  wi th a clean glass syr inge via the i n j e c t i o n  port 
in the system. Loop a i r  then by-passed the charcoal 
tube by means of a four-way switch valve as shown in 
Figure 3. The sample was then rap id l y  purged with a 
m i n i - t e f l o n  bellow pump. The v o l a t i l e  organic 
compounds in the water sample were purged, t r a v e l l i n g  
through the sampling loop and back to the bubbler un i t  
for  f i ve  minutes. The concentrat ions of these organic 
compounds in the vapor phase were then at equ i l i b r i um 
with concentrat ions in the aqueous phase. The ten ml 
loop sample was then in jec ted to the gas chromatograph 
for  ana lys is  (Figure 4) by a s i x - p o r t  switch valve. 
Sample size employed in the system could be adjusted 
depending upon the concentrat ion of the sample, the 
organ ic- f ree d i s t i l l e d  water being used to make up the 
remainder of the 20 ml sample in the bubbler. The 
organ ic - f ree  water was prepared by purging the 
d i s t i l l e d  water wi th an u l t rapure  ni t rogen stream for 
24 hours. Each batch of water showed no in ter ference 
peaks. 

Af ter  sample i n j e c t i o n  the bubbler un i t  was removed 
from the system, thoroughly cleaned with methanol and 
d i s t i l l e d  water, and then heated at 200~ in the oven 
for  f i ve  to ten minutes, or u n t i l  i t  was ready for the 
next experimental run. 

Without the bubbler un i t  in the system, the pump was on 
for  another f i ve  to ten minutes to remove any remaining 
organic compounds in the apparatus. The system was 
then ready for the next experimental run. 
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Figure I. Water Sample Purging Device 

A - Purified Air Stream 

B - 30 ml Bubble Unit 

C - Clamp 

D - Teflon O-rlng 

E - Frltted Glass Stone 

F - Injection Port 

G - Water Sample 

H - Air Stream Outlet 

Charcoal ~ ~  
Filter~ 4-port 

switch vent I llJ temperature valve h e a t i n g  t a p e :  

I ~at 120"C controlled 

I I 

pump to G.C. Column 

Carrier Gas 

Purging switch valve 

Device 
w res 1 

Figure 2. Loop Purification Mode 
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Figure 3. Sample Purging Mode 
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Figure 4. Sample Injection Mode 
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C a l i b r a t i o n  curves were prepared w i th  three d i f f e r e n t  
concent ra t ions  of standard so lu t i on  in the 20 ml of 
o rgan i c - f r ee  water in the purging u n i t .  These samples 
were analyzed f o l l ow ing  the unknown sample procedure. 
A l i n e a r  regress ion equat ion was then es tab l i shed  to 
quan t i f y  the unknown samples. The gas chromatographic 
operat ing cond i t i ons  are l i s t e d  in Table 1. 

Table i .  

G.C. Model 

Detector 

Detector Temp. 

Carrier gas 

Flow rate 

Column packing 

Column dimension 

Column Iz~mpera ture 

Retention time: 

Vinyl Chloride 

1,1-Dichloroethylene 

1,2-Dichloroethylene 

Trichloroethylene 

Peak Integration and 
Recording Device 

Switch Valve 

Switch Valve 
TBnperature 

Sampling Loop 
Tempera ture 

Gas chromatographic equipment and conditions 

Perkin Elmer 
Model 900 

ECD Ni 63 FID 

250 *C 

95% Ar/5% methane 

45 ml/min 

i% SP-100 on 60/80 
Carbopack B 

6' x 1/4" glass 
col umn 

80~ for 4 minutes 
initially then at, 
4~ to 200~ 

Perkin Elmer 
Model 900 

Nitrogen 

40 ml/min 

Porapak QS 801100 mesh 

5' x 1/8" glass column 

IO0~ isothermally 

5,54 min. 

8.03 min. 

17.45 min. 

Sigma 10 Chromatography 
Station (Perkin Elmer) 

Valco six-port switch 
valve 

120 *C 

5.70 ~nutes 

Same 

Same 

1200C 

120"C 120"C 
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RESULTS AND DISCUSSION 

When a water sample that contains organic compounds is 
placed in a closed-loop system, organics w i l l  e q u i l i -  
brate between the water and the headspace during the 
purging period. D i s t r i bu t i on  of compounds between the 
two phases depend on temperature, vapor pressure for 
each compound, sample matrix influences on compound 
activity coefficients, ratio of headspace to liquid 
volume in the entire closed system, purge time and gas 
purge rate. 

The time and method used to equ i l i b ra te  samples w i l l  
a f f ec t  gas chromatographic responses. Data in Figure 5 
show that equ i l i b ra t i on  was rap id ly  attained. 
Equi l ibr ium was reached wi th in f i ve  minutos of purginq 
for  v i n y l  ch lor ide,  t r ich loroethy lene,  l , l - d i c h l o r o -  
ethylene and 1,2-dichloroethylen~. 

W 
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15 

14 
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12 

11 

i0 

9 

8 

7 

6 

5 

4 

3 

2 

1 

Vinyl Chloride 
<> Trichloroethylene 

Trans 1,2-Dichloroethylene 
O l,l-Dichloroethylene 

6~ u 

i I I I I 
2 4 6 8 10 

Purge Time (minute} 

Figure 5. Gas Chromatograph Response vs. Purge Time 
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When care fu l ly  conducted, analyt ica l  precision of 
approximately 2 to 8% re la t i ve  standard deviation can 
be achieved. The re la t i ve  standard deviations and 
recovery e f f i c ienc ies  for a study in which four 
d i s t i l l e d  water samples were prepared and analyzed are 
presented in Table 2. Minimum detectable 
concentrations for this method are shown in Table 3. 
Method val idat ion by f o r t i f i c a t i o n  studies has also 
been conducted (Table 4). A known amount of these four 
compounds was f o r t i f i e d  into a fresh water canal 
sample, a contaminated groundwater sample, and a 
estuarine r i ver  water sample. The recovery 
e f f i c ienc ies  for these three samples ranged between 81% 
to 100% (Table 4). These resul ts demonstrate the 
r e l i a b i l i t y  of the method. 

Since the purge and t r ap  t echn ique  ( B e l l a r  and 
L i c h t e n b e r g  1974) i s  c u r r e n t l y  p o p u l a r ,  a b r i e f  
compar ison was conducted between t h i s  method and the 
p u r g e - c l o s e d  loop method (Tab le  5 ) .  The two samples 
used r e p r e s e n t e d  two d i f f e r e n t  l e v e l s  of  con tam ina ted  
g roundwa te r .  The r e s u l t s  were not  s i g n i f i c a n t l y  
d i f f e r e n t  and both methods d e l i v e r e d  a r e l a t i v e  
s tanda rd  d e v i a t i o n  of  l e ss  than 10%. The p u r g e - c l o s e d  
loop method p r o v i d e d  b e t t e r  q u a l i t y  chromatograms,  
e x h i b i t i n g  no peak t a i l i n g  or d e t e c t o r  b a s e l i n e  no ise  
which were observed when us ing  the p u r g e - t r a p  method. 
E i g h t  to ten samples per day (8 hr}  can be ana l yzed  
us ing  the p u r g e - t r a p  method vs.  twenty  f i v e  to t h i r t y  
samples us ing  the p u r g e - c l o s e d  loop method. When a 
sample c o n t a i n s  a h igh c o n c e n t r a t i o n  of  o r g a n i c s ,  the 
p u r g e - t r a p  system can p r e s e n t  d i f f i c u l t i e s  in  remov ing 
r e s i d u a l s  from the t r ap  whereas the p u r g e - c l o s e d  loop 
method i s  e a s i l y  c leaned .  I t  can a l s o  be used f o r  a 
s e r i e s  of  success i ve  purges on a sample.  The r a t i o  o f  
the area of  a peak to i t s  area on the p r e v i o u s  purge,  
purge r a t i o  (PR),  can be used to c o n f i r m  the i d e n t i t y  
o f  a peak by compar ison to the PR of  a s t a n d a r d .  
F u r t h e r m o r e ,  a c o n s t a n t  PR of  a s e r i e s  of  purges can be 
used to demons t ra te  the absence of  u n d e r l y i n g  peaks. 
Success i ve  peaks can a l so  r evea l  the c o r r e c t  r e t e n t i o n  
t ime of  a l ess  v o l a t i l e  component.  For these reasons ,  
i t  i s  f e l t  the p u r g e - c l o s e d  loop method can be an 
e f f e c t i v e ,  r e l i a b l e  t echn ique  f o r  r o u t i n e  sample 
a n a l y s e s  of  v o l a t i l e  o r g a n i c s .  
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