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SUMMARY 

A method employing a polymeric sorbent has been used for analysis of volatile 
organic components in water. Trace level organics- are sparged from water with 
nitrogen gas and are concentrated on Tenax GC prior to analysis with either flame 

ionization gas chromatography or gas chromatography-mass spectrometry. Glass 
capillary columns were used to obtain maximum resolution of chromatographic peaks. 
Specifically, the method has been applied to a qualitative and quantitative study of 
the products which result from ozonization of secondary treated domestic wastewater. 
The principal volatile products of ozonolysis are n-hexanal, n-heptanal, n-octanal and 
n-nonanal. Representative samples contained 0.7 ppb” of n-heptanal and less than 1 
ppb of any of the volatile compounds. 

INTRODUCTION 

The technique of concentrating trace level constituents in environmental 
samples with polymeric sorbents is well known. Previous applications of polymeric 
2,6-diphenyl-p-phenylene oxide (Tenax-GC; Enka, Arnhem, The Netherlands) have 
included headspace analyses of biological fluids’.‘, direct concentration of trace con- 
stituents of air samp1es3-7, analysis of tobacco smokes, headspace analyses of 
watefF”, and direct sorption of organics in water samples”. 

When coupled with high-resolution gas chromatographic (GC) columns, the 
polymeric sorbents become an integral part of a sophisticated analysis system, which 
may also be coupled with a mass spectrometer and computer, The sorbent provides 
a means of concentrating the sample components and the use of glass capillary chro- 
matography columns provides a means of separating the complex mixture of compo- 
nents routinely encountered in environmental sampling. A gas cbromatograph-mass 
spectrometer-computer system provides both quantitative and qualitative data, as 
well as the capability to store and retrieve the large amounts of information generated 
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in each experiment. In one phase of our environmental studies we are using this 
instrumentation to identify trace organics appearing in water and wastewater. In 
particular, the compounds formed when ozone is used instead of chlorine for disin- 
fection of water are being studied. 

Ozonolysis has been used in France and other European countries as a dis- 
infectant for potable water I2 This treatment has not been approved for similar use . 
in the United S&es because drinking water standards in this country require a 
residual disinfection capability such as provided by chlorine treatment. Ozone, unlike 
chlorine, rapidly decomposes in the water distribution lines, and if there is later 
contamination a health hazard may result. For wastewater streams, however, the 
residual disinfectant criterion does not apply and thus ozonolysis may be a viable 
alternative treatment. 

In light of recent reports of chlorinated hydrocarbons in potable water sup- 
pIiesX3*‘4, some of which may arise from chlorination of wastewateri5 entering rivers 
from which some cities take their drinking water, it is important to determine if other 
methods of treatment will limit or reduce the formation of such compounds. Some 
of these chlorinated compounds are known carcinogens and efforts are being made 
to reduce or eliminate them wherever possible. The Upper Thompson Sanitation 
District (UTSD) wastewater treatment plant at Estes Park, Cola., U.S.A., is a new 
facility in which ozone is being used as a chemical disinfectant of the biologically 
treated secondary effluent before discharge to the Big Thompson River. The deter- 
mination of the chemical consequences of this kind of treatment is necessary in order 
to assess the impact of using ozone as a disinfectant, and to determine whether the 
products formed are less objectionable than those formed by chlorinationz5. 

EXPERIMENTAL 

Sample col[ecfion and handling 
All glassware which was to be in contact with water samples was carefully 

washed with hot water containing Alconox detergent, rinsed three times with hot tap 
water, three times with deionized distilled water, once with acetone and then methanol, 
and finally three times with deionized distilled water. Glassware was then oven-dried 
at 110”. Samples were collected in 4-l amber glass bottles fitted with aluminum-lined 
caps. These bottles were rinsed with three aliquots of sample water, filled to overfiow- 
ing and capped. Samples were stored in ice for transporting and maintained in the 
laboratory at O-4” until analysis, usuahy within I or 2 days_ 

Tot& organic carbon analysis 

An aliquot of each wastewater sample was placed in a clean vial and stored 
at O-4” until analysis for “total organic carbon” using a Dohrmann Model 52D total 
organic carbon analyzer (Envirotech, Santa Clara, Calif., U.S.A.). This instrument 
measures the flame ionization response of organic material which is catalytically 
reduced to methane. Aliquots of water (l-30 ~1) were analyzed in triplicate. 

Headspace sampIing 
Dynamic headspace concentration of volatile organic compounds was per- 

formed using a procedure and apparatus (Fig. 1) modified from that of Chesler et aL9. 
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Fig. 3. Major products from the ozonolysis of caffeine in water. 

are concentrated and recovered in systems similar to the one used in this work. 
Chloroform recoveries in the system used here are 40%, while those of m-xylene are 
75 %, toluene are 70x, p-dichlorobenzene are 60 %, and n-heptanal are 30%. The 
concentrations of these compounds in representative UTSD wastewater samples after 
ozonization are 0.2 ppb of chloroform and 0.7 ppb of n-heptanal. In these samples 
the concentration of each of the volatile organic compounds was less than I ppb. 

An examination also has been made of the reproducibility of retention time 
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data for several peaks in the chromatograms. It is important to establish the 
reliability of the method for routine analyses in which a sophisticated system such as 
GC-MS with its identifying capability might not be available. The least reproducible 
retention times occur early in the chromatograms at program temperatures near or 
below ambient temperature. In these cases, retention times are reproducible to within 
ca. &5 *A (relative standard deviation)_ At higher temperature the retention times are 
reproducible within f 1% or less 
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