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ABSTRACT 

The products of low-level chlorination of natural waters from ten locations 
across the continental United States have been studied, with emphasis on 
volatile and lipophilic organohalogen components. A specially designed appara­
tus permitted continuous sampling and chlorination of water in a manner analo­
gous to some types of cooling water treatments. Volatile components were 
analyzed using headspace, purge-and-trap, and resin adsorption methods. The 
less-volatile components were collected by passing large volumes of the chlori­
nated water over XAD-2 columns. Total organic halogen collected on XAD resins 
was compared with the halogen contribution of haloform compounds. The XAD sam­
ples were further separated into fractions according to molecular weight and 
polarity using liquid chrOmatography. These studies indicate that haloforms 
are the most abundant lipophilic halogenated products formed from low-level 
chlorination of natural waters, but that other halogenated lipophilic material 
is also formed. 
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SUMMARY 

Although much knowledge has recently been developed about the formation of 
organohalogen compounds during chlorination of natural waters, little infor­
mation has been presented which compares the organohalogen production from 
low-level chlorination of water bodies differing widely in physical and chemi­
cal properties. 

In order to develop information concerning the range of organohalogen products 
to be expected from low-level chlorination for biofouling control in electric 
power plants, we have investigated the organohalogen products arising from 
chlorination of natural waters at 10 locations in the continental United 
States. This work is part of an interdisciplinary program to study the chem­
istry and aquatic toxicology associated with current cooling water treatment 
practices at nuclear power stations. 

Sampling was conducted at ten locations within the continental United States, 
representing water from the Columbia River (WA), Ohio River (WV), Lake Michi­
gan (MI), Missouri River (MO), Tennessee River (KY), Cape Fear (NC), Lake Nor­
man (NC), Connecticut River (CT), Pacific Ocean at San Onofre (CA), and Sequim 
Bay (WA). 

Approximately 200 liters of water were sampled at each station using the XA0-2 
method. Chlorine was added in concentrations ranging from 2.7 to 5.7 mg/t. 
Control water was prepared and sampled identically to the chlorinated water 
with the exception of the added chlorine. In addition to the XAD samples, 
samples were obtained from both control and chlorinated water for analysis of 
volatile organohalogen components by both headspace and purge-and-trap 
techniques. 

The results of analysis for haloforms showed that chloroform was a major pro­
duct from fresh water chlorination and bromoform was a major product from 
salt water chlorination. There was wide variation in both amounts and types 
of haloforms found at the different stations. Ion chromatographic analysis of 
the water from five fresh water locations for bromide ion showed a general 
correspondence between levels of bromide ion and appearance of brominated halo­
forms. In addition to the haloforms, samples were examined for 16 halogenated 
compounds which are also on the EPA list of toxic chemicals. Dichloromethane 
and di- and trichloroethylene were identified at several locations in ~g/t 
concentrations, but no evidence was found to link the presence of these com­
pounds with the chlorination, since in general, they were also found in 
controls. 

Analysis of samples collected on XAD-2 resin columns indicates that the 
amount of chlorine going toward production of lipophilic nonhaloform halo­
genated material less than 800 MW is from about 0.5 to as much as 10 ~g/t, but 
that in every case is substantially less than that going to haloform. 

Although a number of chlorinated aromatic hydrocarbons were detected in 
chlorinated samples with the use of gas chromatography/mass spectrometry, 
they were usually also found in the control samples. Dichlorobenzene was 
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found in most samples. Many samples indicate the presence of pesticides and 
PCBs. Although the electron capturing activity of the chlorinated samples 
was generally much greater than the nonchlorinated control. examination of 
the mass spectra corresponding to electron capture peaks usually did not 
reveal halogen isotope ratios. Low concentrations of chlorinated phenols 
were detected at several of the locations studied. No phenols were found in 
controls. Electron capture data suggests that they are present in less than 
vg/~ concentrations. 
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1. INTRODUCTION 

The potential problems of chlorine in aquatic environments have been recognized 
for several years. Brungs (1973) pointed out the potential effects of chlorine 
residual on aquatic life. Rook (1974) studied the formation of haloforms during 
chlorination of natural waters~ and Dowty et al. (1975) demonstrated a large 
number of volatile chlorinated organics to be present in both treated and 
untreated New Orleans municipal water. Subsequently, the ubiquitous presence 
of volatile organic chlorinated chemicals in chorine-treated waters was demon­
strated through a national survey of drinking water (Symons et al., 1975). 

In view of these findings, it was natural to address the possibility of a simi­
lar formation of chloroorganics from biofouling treatment of power plant cool­
ing water. An authoratative estimate (Hamilton, 1978) of the annual quantity 
of chlorine used in cooling water in United States electricity generating plants 
is 26,000 tons. Jolley (1977) pointed out the potential for formation of halo­
organics from the treatment of cooling waters, and shortly thereafter several 
workers (Jolley, 1978; Bean et al, 1978; and Carpenter and Smith, 1978) reported 
on studies related to the formation of halogenated compounds from the low level 
chlorination of natural waters. Studies of this type assume additional impor­
tance in view of the work of Davis, et al. (1977). which describes distinct 
biological responses to chlorination at levels below chemical detectability. 

The study reported here is an integral part of a comprehensive program to inves­
tigate the formation of organohalogen compounds through chlorination of fresh 
and marine waters, and to determine the toxicity and effects of the chlorinated 
water on aquatic organisms. The reports resulting from the overall program are 
listed in the front of this document. The chemistry studies described in this 
document have the following objectives. 

• To apply well-documented procedures for sampling, separation, and trace 
analysis of organohalogen compounds formed from the low-level chlorination 
of fresh and marine waters. 

• To use these methods to study the organic chlorination chemistry of a 
number of natural water bodies which are actual or potential receiving 
waters for chlorinated electric power plant cooling water. 

• To document the extent to which addition of chlorine to these water bodies 
results in the formation of lipophilic organohalogen components having the 
potential for bioaccumulation or biomagnification. 

• To determine the extent of formation of other volatile and toxic lower 
molecular weight halogenated organics; specifically the haloforms and 
phenols. 

In order to accomplish these objectives it was necessary to construct a portable 
apparatus for the continuous low-level chlorination of natural waters, and to 
sample and analyze the chlorinated water in a manner consistent with the objec­
tives. Although humic acids from natural waters have been shown to react with 
chlorine (Oliver, 1978), these materials were not considered in our sampling 
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and analytical scheme because of their relatively low potential for immediate 
aquatic toxicity or bioaccumulation. The method selected for sampling and con­
centrating lipophilic halogenated organics is the very well documented XAD resin 
adsorption technique. The method has been exhaustively studied {Junket al., 
1974~ 1976) from the points of view of technique, resin purity, and efficiency 
of recovery of a wide variety of compound types. The technique has been 
applied extensively to studies of haloorganics in treated wastewater (Glaze, 
et al. 1975a, 1975b, 1976, 1977). An extensive review of the technique has 
been published recently by Dressler (1979). 

The use of these columns precluded the concentration of organics with relatively 
reactive chlorine-nitrogen bonds, such as the chloramines, since prior to column 
adsorption, destruction of active chlorine with sodium sulfite was necessary 
to avoid additional chlorination reactions with the material trapped on the 
column (Bean, 1978; Glaze, 1977). 

The analysis of lipophilic halogen compounds adsorbed on the XAD-2 resin using 
microcoulometry to determine the total organic chlorine in the adsorbed material 
is based on the work of Glaze et al. (1977), who suggested that non-haloform 
organic halogen trapped on XAD-2 resin was an important water quality parameter. 
Although we adapted the general strategy of determining organic halogen, we 
also subjected the material to further separation steps in order to classify the 
type of material adsorbed according to molecular weight and polarity. 

The analysis of volatile organics in the chlorinated and control waters was 
accomplished using both "headspace" (Bush et al., 1977) and "purge-and-trap" 
methods (Bellar and Lichtenberg, 1974). Methods of this general type have been 
reviewed recently by Drozd and Novak (1979). 

Halogenated phenols are not necessarily considered lipophiles since they do not 
adsorb well on XAD-2 at neutral or basic pH (Junket al., 1974). However, we 
chose to add phenols to our analytical scheme because they are a chemical class 
which is likely to be formed from the chlorination of natural waters. Rook 
(1977) pointed out the possibility of halophenol formation from humate sub­
stances in natural waters. Shimizu and Hsu (1975) have reported on the con­
version of plant phenylpropaniods to chlorophenolic derivatives with aqueous 
chlorine. In addition, phenols have been shown by Carlson, et al (1975) to be 
many times more reactive to aqueous chlorine than the corresponding hydrocarbon. 
Therefore, we have adapted a procedure from Krijgsman and Van de Camp (1977) for 
the isolation and determination of phenols from XAD-2 adsorption columns. 

Substantial effort has been made during the course of this program to document 
the methods used with respect to reproduceability, reliability, and efficiency 
of recovery. A section of this report discusses these aspects of the work. 
The observations made and conclusions drawn from the reported data are only as 
good as the confidence in the data. Because of the complexity of the research 
problem and the very low concentrations of chlorinated materials in most of the 
samples studied in this program we have made an attempt to interpret our results 
in the context of the quality of the data generated. 
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2. SAMPLING CHLORINATED NATURAL WATERS AT TEN U.S. LOCATIONS 

2.1 High-Volume Sampling with XAD-2 Resins 

In our initial experiments with XAD-2 sampling (Bean, et al., 1980) we did not 
destroy active halogen prior to sampling. Analysis of these samples demon­
strated that there was chemical interaction between the active halogen and the 
XAD-2 resin which resulted in the formation of halogenated artifacts. Continu­
ous passage of active chlorine through the sampling column can also result in 
additional chlorination of material adsorbed from the water, and possible 
destruction of some compounds by chemical oxidation. Glaze et al. (1977) 
reports that chlorophenols are not recoverable unless the active chlorine is 
destroyed prior to adsorption. Suffett (1976) used continuous addition of 
Na2S03 to collect chlorinated organics from drinking water supplies. He also 
adjusted the pH to 4, presumably to prevent base-catalyzed hydrolysis and 
substitution reactions. The sampling method adopted for this work includes 
destruction of active chlorine with a fivefold excess of Na2S03 as well as 
continuous adjustment of pH to 4.5 using an automatic pH controller. An 
acidic condition is required to insure recovery of acids and phenols (Junk et 
al., 1974). The XAD-2 resin used for sampling is cleaned by the method of 
Junket al. (1974) and packed into 2.55 x 23 em stainless steel columns. The 
volume of XAD-2 resin used is 82 mt~ with a cross-sectional area of 3.98 cm2 
This permits pumping rates up to 160 ~/min. Normally, several hundred liters 
of chlorinated water are passed through a resin column to obtain a sample. 

For our field sampling program, portable equipment has been constructed which 
continuously pumps water from the natural environment and treats it with from 
2 to 5 parts-per-million chlorine as NaOCl (ACS Analytical Reagent Grade). A 
schematic of the apparatus is shown in Figure 1. A baffled chlorine contact 
chamber allows a residence time of about an hour before the chlorinated water 
is treated with Na2S03 and brought to a pH of ~4.5 with reagent grade H2S04 by 
an automatic pH controller. Total residual chlorine in the water was measured 
with a Fisher Porter Model 17T1010 amperometric titration system. The treated 
water is then pumped through the XAD-2 column using a positive displacement 
pump. Because most water sources contain trace chlorinated compounds, all 
reagents and water are self-contained within the apparatus. On occasion, when 
acid demand has been heavy, the natural water source has been used to prepare 
the sulfuric acid solution. For transport, the components of the sampling 
apparatus are fitted into a fiberglass container which also can accommodate 
tools, spare parts, and containers required for samples. Dimensions are 0.50 
x 0.64 x 1.40 meters; shipping weight is about 90 kg. Two identical devices 
are used, one for the chlorinated samples and one to simultaneously sample 
unchlorinated water as a control. To minimize contamination of water samples 
by the sampling apparatus, the only materials in contact with the sample are 
polypropylene, teflon, ceramic, and stainless steel. The plastic parts, 
including the fiberglass containers, were immersed in flowing river water for 
several days before use, to minimize leachable impurities. 
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2.2 Sampling Locations, Procedures, and Inventory 
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The equipment and procedures described above were used to sample ten water 
bodies in the United States. Sample locations were shown in Figure 2. A 
complete listing of samples is given in Appendix Table A-1. High volume XAD-2 
samples were collected as follows: Two XAD-2 columns were connected in 
series for all samplings. One set of two columns was used to sample the 
unchlorinated control water. For the chlorinated sample, two sets of columns 
in series were used simultaneously by inserting a tee after the positive 
displacement pump. Thus we collected two control columns (top and bottom) and 
four chlorination columns (two top and two bottom). The exception to this 
sampling regimen was Station #2, at Sequim Bay, WA. This station was used as 
a preliminary field trial location for our XAD-2 sampling technique. The num­
ber of XAD-2 samples taken were fewer, and no samples were taken for volatiles 
at this location. 

Other types of water samples were taken at the sampling stations for analyses 
by methods for which the high volume samples are not appropriate. 
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• Purge-and-Trap Samples--A 125 mi glass bottle was filled to overflowing 
with water from the sample chambers (after Na2S03 and acid had been 
added). The bottle was sealed with a Hycar® septum. Duplicates were 
taken of chlorinated and unchlorinated water. These samples were ana­
lyzed for volatile components using the purge-and-trap technique of 
Bellar and Lichtenberg (1974}. 

• Headspace Samples--To a 125 mt glass bottle containing 5g NaCl and 
~200 mg Na2S03, 15 mi water was added from the chlorine contact chamber. 
These samples were normally taken in triplicate from both chlorinated and 
unchlorinated sampling systems. These samples were analyzed for haloform 
according to the method of Bush et al. (1977). See Section 3 for 
procedures. 

• Bulk Samples--Approximately 5 liters of untreated water were sampled in 
bulk as a contingency sample. 

All samples were kept at wet ice temperature in the field until received at the 
Richland Laboratories with the exception of the bulk water samples which were 
frozen as soon after sampling as practicable. XAD-2 samples and samples for vola­
tiles analysis were kept at 4°C in the laboratory until analyzed. 

STATION #1 

WASHINGTON 

STATION 12 

VANCO~ \ 

~')_VICTORIA 

STRAIT OF JUAN 
de FUCA 

~ 
t 

OLYMPIC 
PENINSULA 

SEQUIM 
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FIGURE 2. Location of Sampling Stations ( •) 
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FIGURE 2. Location of Sampling Stations ( •> {contd) 
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FIGURE 2. location of Sampling Stations (II} (contd) 
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3. ANALYTICAL PROCEDURES 

3.1 Analysis of Volatile Organics 

3.1.1 Purge and Trap Technique 

The procedure used for this analysis is similar to that discussed by Bellar 
and Lichtenberg (1974). A sample of water containing the volatile organics 
was sparged with nitrogen gas and then passed through a stainless steel column 
packed with porous polymer beads (in this case, Tenax.®). Volatile organics, 
which are adsorbed on the polymer, are then introduced into the gas 
chromatograph/mass spectrometer (GS/MS) by heating the Tenax trap at about 200°C 
in a stream of helium. The steps of the procedure are illustrated in Figure 3. 
This process desorbs the organics from the polymer beads and adsorbs them on to 
the front of the chromatographic column held at 0°C. After the volatiles have 
been introduced onto the column, th~y are separated by conventional tempera­
ture-programmed gas chromatography.ta) 

(a) The porous polymer traps, sparging apparatus, GC adapters, and column 
heater are available from Envirotest Equipment Company as part of a Trace 
Organic Concentrator Kit. 

COMPLETELY 
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FIGURE 3. 
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Schematic of Purge-and-Trap Methodology 
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.1 important part of the procedure is the prevention of water sample exposure 
to an air interface prior to sparging, since the volatiles are rapidly lost to 
air. To avoid this loss, two hypodermic needles were inserted through the 
sample bottle septum (Fig. 3); one of which was attached to a 100m£ glass 
syringe fitted with a stopcock valve. About 80 mt of water sample was then 
carefully drawn into the syringe and the valve closed. Thirty-five milliliters 
of sample was expressed from the syringe into the sparging appartus through 
a small-bore teflon tube, filling the apparatus from the bottom up. The 
remainder of the sample was stored in the syringe as a contingency sample. 
Just prior to sparging, one microliter of the ethanolic solution of internal 
standard mixture containing 0.8 mg/1 each of bromochloromethane (Int. Std. #1), 
1, 4-dichlorobutane (Int. Std. #2) and 1-chloro-2-bromopropane (Int. Std. #3){a) 
was added. Nitrogen purge of the sample was at 30 m£/min for 20 minutes. 

Separation of volatile components was accomplished on a 2 mm ID glass 6-ft 
column packed with 0.2% Carbowax®l500 on Carbopack~ using 20 m1/min helium 
carrier. After an initial hold at aoc for sample introduction (5.5 min), the 
chromatographic oven was brought to 45°C in 1.5 min and then programmed at 
8°C/min to 160°C. Instrumentation was a Hewlett-Packard Model 5985 GC/MS Sys­
tem, including a Model 5840A Gas Chromatograph. Mass spectra were obtained by 
scanning in the electron impact mode from mass 45 to 320 at 180 amu/sec. 

Total ionization chromatograms of two sets of analytical standards containing 
23 of the components designated as EPA priority pollutants (Environmental 
Protection Agency, 1977) are presented in Figures 4 and 5. All samples ana­
lyzed by the "Purge and Trap" technique were examined for spectra indicative 
of these components. Levels at which components could be quantitated are 
estimated to be 0.5 mg/1 . Dectection levels are lower than this (<0.1 mg/1 ) 
when reconstructed single ion chromatograms were examined. 

3.1. 2 Analysis of Chloroform by Headspace Technique 

For direct analysis of chloroform in water we adapted a headspace method, since 
chloroform i s poorly adsorbed on XAD-2 resins. The method is patterned after 
that reported by Bush et al. (1977). Five grams NaCl and approximately 200 mg 
Na2S03 are added to a 125 m1 bottle capable of being sealed with a Hycar septum. 
A 15m£ water sample is added, the bottle is sealed and partly immersed in a 
water bath at 99°C for one hour. One milliliter of headspace is subsampled 
using a sealable syringe and injected onto a 2mm x 6-ft Chromasorb®lOl column. 
Detection limit is about 0.1 ~g/1. Quantitation is established by comparing 
the area obtained to standards prepared according to the following procedures: 
15 m1 chloroform-free water plus salt and Na2S03 are sealed in a sample bottle 
and 3 ~1 of methanol containing a known amount of chloroform is added by injec­
tion through the septum. This standard sample is then analyzed exactly as the 
other samples. 

(a) The internal standard mixture is a dilution of a mixture supplied by 
Supelco, Inc. Int . Std. #3 did not give spectra characteristi c of the 
bromo compound; the spectra was consistent with 2-chloro-2-butene. 
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3.1.3 Analysis of Seawater Samples for Bromoform Using XAD-2 

Chlorinated seawater was sampled for bromoform using columns packed with XAD-2 
resin. Columns of two different diameters were used: 3/8" x 9" and 1" x 9". 
The former held about 15 mi XAD-2 resin and the latter about 82 mi. The sea­
water sample was forced through the resin column with a positive displacement 
pump. The columns were then extracted with diethyl ether, the ether dried 
over Na2S04, and brought to a fixed volume. It was sub-sampled, and then 1, 3-
dibromopropane added as an internal standard. The sample was analyzed by 
electron capture GC. The gas chromatographic procedure is described in 
Section 3.2.4. 

3.2 Procedures for Extraction, Separation, and Analysis of XAD Samples 

The XAD-2 columns used for the high-volume sampling of chlorinated water and 
controls were first extracted with 100 mi 0.1 N Na2C03 solution to remove 
phenols. Then the columns were extracted with 200 mt ethyl ether, and finally, 
100 mt MeOH. The treatment of each of these fractions is described below. The 
overall separation scheme is presented in Figure 6. For the procedures des­
cribed below, all solvents used were Burdick and Jackson ••oistilled in Glass~" 
with the exception of ether (Mallinckrodt absolute ether) and water which was 
18 Mn (Millipore--R080 purification system). All solvents were routinely 
checked for haloforms by GC and chlorine by microcoulometry prior to use. 

3.2.1 Derivatization and Separation of Phenols 

The carbonate extract was shaken with 0.5 mi freshly distilled acetic anhydride 
until the mixture was homogenous (about 2 min.). Then the solution was extracted 

O.S ml Ac20 
EXTRACT 

Will-I HEXANE GEL PERMEATION CHROMATOGRAPHY 
PHENOLS (~! - STYRAGEL COLUMN, BENZENE SOL VENTI - ~ 100 ml 

0.1 N NaC~ 
SILICA GEL CHRCfAATOGRAPHY 

200 ml 
_.,.... 

SAMPLE ,-
ETHER 

ADSORBED ETHER NONPOLAR 
ON XAD-2 EXTRACT 
RESIN HEXANE/ETHER 

100 ml 
MElHANOL 

ElHER 
METHANOL 
EXTRACT PQAR 

METHANOL 

FIGURE 6. Separation Scheme for Chlorinated Water Sampled by XAD-2 
Adsorption Technique 
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into 10 mt Hexane. The presence of emulsions in some of the samples necessi­
tated centrifuging at 3500 rpm. One mt n-heptane was added, and the sample 
evaporated to 1 mt prior to analysis by GC/MS. 

3.2.2 Se~aration of Components in Ether Extracts According to Molecular 
We1ght 

The dried ether extract was subsampled for analysis of haloform constituents, 
and was then evaporated by using Snyder columns to a few milliliters. The 
solvent was then exchanged into 1 mt benzene and injected into ~ Waters model 
6000A liquid chromatograph containing three series coupled 100 A micro­
styragel columns. Separation of components in the extract into molecular 
weight fractions of >15,000, 800-15,000, and <800 was accomplished at a benzene 
flow rate of one mt/min by collecting fractions at 7-10 mt, 10-13 mt, and 13-30 
mt, respectively. Fraction collection volumes were determined by using poly­
styrene and polyethylene glycol calibration standards provided by the instru­
ment manufacturer. 

3.2.3 Separation of Components in <800 Molecular Weight Fraction According 
to Polarity. 

The <800 MW fraction from the microstyragel separation was evaporated and the 
solvent exchanged to 1 mt n-heptane. The sample was placed on 7.0 grams of 
silica gel deactivated with 10% (W/W) deionized water and slurry-packed into a 
9 x 250 mrn Chromaflex~column using n-hexane. The column was successively 
eluted with 20 mt 80% hexane/20% diethyl ether, 20 mt 100% diethyl ether, and 
20 mt methanol. Fractions were removed after each of the eluants had percolated 
and the column and were designated "Non-Polar," "Intermediate," and "Polar" 
silica gel fractions. 

3.2.4 Analysis of Ether Extracts for Haloforms 

Analysis of the XAD-2 column extracts for haloforms was performed by adding 5 ~t 
of a solution of 100 ~t 1, 3-dibromopropane in 100 mt methanol as an internal 
standard to exactly 1 mt of the ether extract in a teflon-lined septum-capped 
2 mt vial, mixing thoroughly, and injecting one microliter onto a glass, 2mm x 
6-foot Chromosorb 100 gas chromatographic column held at 190°C in a Hewlett­
Packard 5840 chromatograph equipped with an electron capture detector. A typi­
cal chromatogram is given in Figure 7. The concentrations of individual halo­
forms were determined from calibration curves prepared using analytical stan­
dards. The total quantity in the sample was then determined by multiplying the 
determined concentration in ~g/t by the volume of the original ether extract. 

3.2.5 Total Organic Halogen Measurements--Microcoulometry 

A Dohrman/Envirotech Microcoulometric Titration System was used for determina­
tion of chlorine in the original ether extracts and separated fractions. The 
detection system is based upon changes in half-cell potential of a Ag+/Ag 0 

couple brought about by reaction of silver ion with Cl- or OCL- formed from the 
combustion of the sample. The current required to restore electrical balance 
in the cell is a measure of the halogen in the sample. The instrument provides 
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FIGURE 7. Gas Chromatogram of Ether Extract 

a direct readout in ~g chlorine per mt sample. Known concentrations of halo­
genated organics must be analyzed to determine the combustion/titration effi­
ciency, which for most chlorine-containing compounds is about 85%. For bromine 
containing compounds, the recovery is about 50% since AgOBr does not precipi­
tate. This leads to indeterminate errors in those samples in which there are 
substantial quantities of both bromine- and chlorine-containing components. 
In seawater systems, the majority of the organohalogen formed from chlorination 
is organobromine; hence brominated standards are used for calibration. In some 
of the freshwater samples, there was sufficient bromide in the water to cause 
errors in the analysis. The organohalogen in these samples may be underesti­
mated by as much as 15%. 

3.3 GC/MS Analyses of Separated Fractions 

Gas chromatography/mass spectrometry was conducted using a Hewlett-Packard 
Model 5985 GC/MS system employing a 5840 gas chromatograph and capillary 
injection system. Chromatographic separation was accomplished using 0.25 mm x 
30m glass capillary columns from Supelco coated with SP2250 liquid phase. 
Samples were placed on the column in the splitless mode using n-heptane as a 
solvent. Mass spectrometric conditions varied widely depending upon the nature 
of the sample and condition of the source. However, conditions were optimized 
for maximum sensitivity. Gas chromatographic conditions were a 4-min hold at 
70°C followed by a temperature program at 4°C/min and a hold at 250°C. Samples 
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were analyzed using methane chemical ionization mode in order to obtain the 
required sensitivity to halogenated components. In addition, for the XAD-2 
ether extract samples, the column effluent was split to direct part of the 
effluent through an electron capture detector in order to assist in the loca­
tion of those chromatographic peaks containing halogen. 

3.4 Analysis of River and Sea Waters for Br and Cl by Ion Chromatography 

Bromide and chloride analyses were performed via a Dionex Model 10 ion chroma­
tograph. Briefly, ion chromatography {IC) is ion exchange separation followed 
by eluent suppression and conductimetric detection. A low capacity anion 
exchange resin separates the anions in the element stream. This stream passes 
through the suppressor column, a high capacity cation resin, where eluent and 
sample ions are converted to their acidic forms. Eluents are chosen which 
result in low-conducting species at this point. The eluent stream proceeds to 
the conductivity cell, where ions of interest are detected as peaks against 
the eluent's low-conductance background. For those anions displaying the 
normal (gaussian) shape, peak height is proportional to concentration over a 
wide range of concentrations. 

System specifications employed for the analysis of Br- and Cl- are as follows: 

Eluent: 
Sample Size Options: 

Column System: 

Flow Rate: 

3 ~ NaHC03 + 2.4 mM Na2C03 
(1) 100 A loop 
(2) 50 mm concentrator column 

(30-40 ~eq capacity) 
150 mm anion precolumn 
500 mm anion separator column 
152 m£/min 

Under these conditions, Cl- eluted at 3.9 min while Br- eluted at 9.5 min. 
Other anions and their retention times, which were determined simultaneously 
are F {2.4 min); P043- {7.2 min), N03- {10.8 min) and S04 {16.2 min). River 
water samples were initially run using the 100 A sample loop, to determine Cl­
and get an upper limit on Br- concentration. Sea water samples required 100-
fold dilution prior to analysis. 
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4. EVALUATION/VALIDATION OF QUANTITATIVE METHODS 

During the course of these investigations, considerable effort was spent in 
characterizing and validating the analytical methods used. Validation of methods 
was undertaken for several reasons. Some of the methods were developed spe­
cifically for this program. In particular, the XAD-2 extraction and separation 
scheme for the less volatile chloroorganic compounds was developed to meet the 
objectives of the program, and hence considerable recovery data was generated 
in the process. Other techniques, such as the headspace (Bush, et al., 1977), 
purge-and-trap (Bellar and Lichtenberg, 1974), and microcoulometric analysis 
(Glaze, 1977; Wegman and Greve, 1977), have been reported in the literature, 
but were modified sufficiently in our hands so as to require additional investi­
gation. Certain procedures such as the XAD-2 adsorption technique (Glaze, et 
al., 1977; Junk, et al, 1974) were not evaluated because pf the large data base 
already in existence. Validation studies were not conducted with the phenol 
fractions because the derivatization/gas chromatographic procedure has been 
documented by Krijgsman and Van de Camp (1977), and because the data generated 
from our studies was largely qualitative. 

4.1 Volatiles Analyses 

Total ionization chromatograms from the Purge-and-Trap analysis of two sets of 
analytical standards containing 23 of the components designated as EPA priority 
pollutants(a) (Environmental Protection Agency, 1977) are presented in Figures 4 
and 5. All environmental samples analyzed by the 11 Purge and Trap 11 technique 
were examined for spectra indicative of these components. Levels at which com­
ponents could be quantitated are estimated to be 0.5 mg/1. Detection levels 
are lower than this (~0.1 mg/1) when reconstructed single ion chromatograms 
were examined. Mixtures of the four haloforms and CS2 and CH2Cl2 were prepared 
at three concentration levels and analyzed in order to prepare quantiative cali­
bration curves. These are shown in Figure 8, where the peak area divided by 
the internal standard area is plotted against component concentration. Under 
the experimental conditions used, plots of three of the four haloforms were 
linear over the range of concentrations examined. Bromoform was not linear 
with concentration. This is presumably because bromoform's low vapor pressure 
{bp = 149°C) did not permit quantitative removal from the water. On the other 
hand the very volatile components (CS2 and CH2Cl2) also did not fit a straight 
line, but the curvature is opposite to that of bromoform. This suggests that 
at low concentrations, these highly volatile components are rapidly removed 
from the water, and as purging continues, are also volatilized from the trap. 
Hence, levels of detection are relatively high for these two components com­
pared to the others. In all cases, accuracy suffers as concentration is 
increased. This was true regardless of the internal st~ndard used for quanti­
tation. Internal Standard #2 gave the most consistent results. Data for the 
highest concentrations are based on four replicate analyses, while for the two 
lower concentrations, data are based on three replicate analyses. 

(a) Supplied by Supelco, Inc. as 11 Purgable A11
, and 11 Purgable B"; each component 

0.2 mg/~ in methanol. 
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FIGURE 8. Calibration Curve for Purge and Trap Technique 

The calibration curve constructed from chloroform standards using the headspace 
method (Fig. 9) shows that within the range studied, there was some deviation 
from linear response. Error bars on the calibration curve represent triplicate 
analyses. Because the absolute response of the electron capture detector is 
variable from day to day, it was impractical to construct a new calibration 
curve each day. Quantitation was accomplished by comparison of the sample 
peak areas to those of standards having concentrations close to the sample 
concentrations. 

Standard samples and duplicate samples gave reproducible results even after weeks 
of storage at 4°C. However, results were low if the samples were not heated for 
at least one hour prior to headspace sampling. The prolonged heating require­
ment is apparently required to release the haloform from the absorbed state in 
the septum. The Hycar~septa were found to have a high affinity for chloro­
organics in the vapor phase. It is for this reason that the headspace method 
was not used for the analysis of higher molecular weight haloforms. Although 
reasonably linear calibration curves could be prepared using bromoform, the 
apparent concentrations in the samples would drop in a period of 24 hours. 
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FIGURE 9. Calibration Curve for CHC1 3 Using the Headspace Method 

The headspace method was initially applied to a low level biological exposure 
experiment in order to evaluate the method as a potential field technique. 
Chloroform analyses obtained from this experiment are given in Table 1. The 
sample indicated 11 Concentrate11 is river water to which has been added about 
2 mg/i chlorine as NaOCl. The 11 100 %11 sample is the highest level to which 
organisms are exposed. This level is actually a 16-fold dilution of the con­
centrate. Differences in chloroform concentration between the concentrate and 
dilutions are actually greater than would be calculated from the dilution fac­
tor because of volatility losses during mixing. On 5/22 and 6/16, sampling was 
limited to one sample per exposure concentration. On 5/26, however, 5 concen­
trations were sampled in triplicate to determine the method reproducibility. 
The reproducibility of the method appeared satisfactory for the intended use. 

In some instances, analyses of bromoform in chlorinated sea water or chlorinated 
estuarine water were performed by adsorption from water onto XA0-2 resin columns 
and subsequent gas chromatography of the column ether extract. This methodology 
has been described by Glaze et al. (1977). We investigated the efficiency of 
recovery of both bromoform and chloroform on XAD-2 resins. During bromoform 
sampling, two columns were placed in series and the quantity of bromoform on 
each column determined. The results of the analyses for the three salt water 
locations investigated in this work appear on Table 2. The 3/811 x 911 columns 
contain about 15 mR. XAD-2 resin and were used to adsorb the bromoform from 
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TABLE 1. Chloroform Headspace Analysis: Freshwater Low-Level Chlorination 
Experiment with Salmonids 

1175%11 
1150%11 
1125%11 
11 12.5%11 

110%11 

River Water 

1.00 
0.54 
0.41 
0.49 
0.46 
0.46 

(a) Average of duplicate samples 

0.83 
0.70 + 0.00 0.69 

0.62 
0.47 + 0.05 0.6(c) 

nd(d) 

0.39 + 0.04 

(b) Analyses on 5/26 were obtained from triplicate samples 
(c) Estimate, interference with peak integration 
(d) Not detected 

0.92 + 0.12 
0.64 + 0.08 
0. 52 + 0.15 
0.52 + 0.07 

0.23 
0.43 + 0.05 

TABLE 2. Comparison of Bromoform Analyses at Three Seawater Stations (~g/liter) 

3/8 in. x 9 in. 1 in. x 9 in. 
Sample 

Sequim Bay 
Top Column 
Bottom Column 

Total 

Cape Fear 
Top Column 
Bottom Column 

Total 

San Onofre 
Top Column A 
Bottom Column A 

Total 

Top Column B 
Bottom Column B 

Total 

Column 

20.8 

20.8 

11 • 1 
3.3 

14.4 

13.9 
5.6 

19.5 

20 

Column 

11.1 
4.2 

15.:, 

36.3 
18.2 

54.5 

15.3 
6.2 

21.5 



5 liters of water. The 111 x 911 columns contain about 82 mR- and were used to 
adsorb the bromoform from about 200 liters of water. Regardless of column 
size or amount of water sampled, between 72% and 78% of the bromoform was 
found on the top column; with the exception of Cape Fear where 67% of the 
bromoform was adsorbed on the top column. We believe that the large differ­
ences between top and bottom columns is an indication of satisfactory adsorp­
tion efficiency of bromoform. Additionally, an independent analysis for 
bromoform was obtained from the San Onofre location using the purge-and-trap 
technique. The results (13 and 17 }lg/R---see Table 8) are consistent with 
those obtained from the adsorption analyses (19.5, 14.4, 21.5 }lg/R-). 

On the other hand, the data presented in Table 3 shows that XAD-2 resin columns 
do not efficiently adsorb chloroform from water. In this case, only 10% of 
the available chloroform (as analyzed by the headspace me.thod) was trapped on 
the XAD-2 column under the same conditions which trapped almost all the bromo­
form (Table 2, sea water system). The data in Table 3 was also generated in 
order to estimate the losses in volatiles occurring because of the transfer 
of the chlorinated water from the contact chamber to the sampling chamber 
when the continuous sampling apparatus was used (see Figure 1). In the case 
of both fresh and salt water, volatilization losses of the major haloform 
constituents appear to be about 10%. We would therefore expect that the chloro­
form results obtained by headspace analysis would be generally higher than those 
obtained by purge-and-trap, since the former were sampled from the chlorination 
chamber and the latter from the sampling chamber. 

4.2 XAD-2 Samples: Procedural Recoveries from Separation Scheme 

For these studies a set of standards supplied by Supelco, Inc. designated 11 Base­
Neutral #1 11 .were used. The compounds in this mixture are on EPA's priority 
pollutant l1st (USEPA, 1977). Approximately 10 }lg of each component listed in 
Tables 4-7, were used for the recoveries. All the recovery data were acquired 

TABLE 3. Comparison of Methods of Haloform Analyses of Chlorinated Waters 

Headspace Directly 
from Contact 

Chamber (}lg/R-) 
38.3, 39.9; x=39.1 

5 R- over XAD-2 
Directly from Contact 

Chamber (}19/R-) 
16.8, 11.2; x= 11. o 

Freshwater Systems (CHC1 3) 

Headspace from 
Sampling Chamber 

(}19/R-) 
35.1, 35.3; x=35.2 

Seawater System (CHBr3) 

5 R- over XAD-2 
from Samplin~ 

Chamber (llg/R-} 
15.4 

21 

XAD-2 column 
(388 liters over 

82 mR, Resin)(}lg/lll 
3.2 

XAD-2 Column 
(335 liters over 

82 mR- Resin)(}lg/R-) 
15.0 



TABLE 4. Procedural Recoveries--Ether Evaporation 
Coefficient 

Com[!ound(a) 
Standard of 

A B c Average Deviation Variation 

1, 4 Dichlorobenzene(b) 89.0 90.8 90.8 90.2 1.0 1.2% 
Bis (2-Chloroethyl) ether 
Bi s (2-Chloroisopropyl) ether 85.7 85.0 87.6 86.1 1.3 1.5% 
Nitrobenzene 89.6 90.8 93.2 91.2 1.8 2.0% 
Acenaphthylene 81.8 81.6 82.5 82.0 0.5 0.6% 
Dimethyl phthalate 92.4 93.5 92.6 92.8 0.6 0.6% 
2,6-Dinitrotoluene 89.5 90.6 90.3 90.1 0.6 0.6% 
4-Bromophenyl-phenyl-ether 93.4 95.6 96.4 95.1 1.6 1.6% 
Di butyl phtha 1 ate 90.5 89.6 90.9 90.3 0.7 0.7% 
Bis-(2-Ethylhexyl)phthalate 105.5 112.5 115. 1 111.0 5.0 4.5% 

(a) 3,3'-Dichlorobenzidene and Benzo(B)Fluoranthene were not recovered 
(b) These two compounds co-elute 

TABLE 5. Procedural Recoveries--Gel Permeation Chromatography 

13-40 ml Fractions {<800 Molecular Wtt(a) 
Coe ficient 

COm[!Ound(b) 
Standard of 

A B c Average Deviation Variation 

1, 4 Dichlorobenzene(c) 85.7 97.9 87.4 90.3 6.6 7.3% 
Bis (2-Chloroethyl) ether 
Bis (2-Chloroisopropy1) ether 84.4 87.5 76.8 82 .9 5.5 6.6% 
Nitrobenzene 87.8 88.7 77.0 84.5 6.5 7.7% 
Acenaphthylene 85.6 88.3 73.5 82.5 7.9 9.6% 
Dimethylphtha1ate 81.9 84.0 77.8 81. 2 3.1 3.8% 
2,6-Dinitrotoluene 83.4 86.6 76.3 82.1 5.2 6.3% 
4-Bromopheny1-phenyl-ether 
Di-N-Butylphthalate 83.2 89.5 72.3 81.7 8.8 10.8% 
Bis-{2-Ethylhexyl)phthalate 123.9 133.6 103.1 120.2 15.6 13.0% 

{a) No traces of any component were found in the 7-10 ml (<15,000 molecular wt) 
or 10-13 ml (15,000-800 molecular wt) fractions. 

(b) 3,3'-Dichlorobenzidene and Benzo(b)fluoranthene were not recovered. 
(c) These two compounds co-elute. 
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TABLE 6. Procedural Recoveries--Silica Gel Chromatography 

First Fraction 
80/20 a 

Hexane[Ether( ) 
Coml!ound ___L _s _ __c _ 

1, 4 Dichlorobenzene(b) 67.8 69.0 75.2 
Sis (2-Chloroethyl) ether 
Bis (2-Chloroisopropyl) ether 66.9 74.7 86.2 
Nitrobenzene 61.9 69.8 73.1 
Acenaphthalene 69.1 76.1 81.4 
Dimethyl phthalate tr tr tr 
2,6-Dinitrotoluene 69.7 72.8 77.6 
4-Bromophenyl-phenyl-ether(c) 

Di-N-Butylphathalate 76.3 78.8 80.9 
8is(2-Ethylhexyl)phthalate 97.9 79.1 94.4 

(a) ~ther used was 25% H20 saturated. 
(b) These two compounds co-elute. 

Second Fracfi~n 
100~ Ether a 

___L _L _L 

85.0 78.0 79.6 

(c) 3,3'-Dichlorobenzidene and Benzo(b)fluoranthene were not recovered. 

Averase 

70.7 

75.9 

68.3 
75.5 
80.9 
73.4 

78.7 
90.5 

The third fraction (100% MeOH) was not examined due to solvent incompatibility 
with the gas chromatography column. 

Standard 
Deviation 

4.0 

9.7 
5.8 
6.2 
3.7 
4.0 

2.3 
10.0 

TABLE 7. Overall Procedural Recoveries 

Silica Gel-1st Cut Silica Gel-2nd Cut 
(80/20 Hexane/Ether) ( 100% Ether) 

Standard Coml!ound A B _c_ A _a_ c Mean ± s.d. 

1,4-Dichlorobenzene(a) 49.5 44.9 58.2 50.9 ± 6.78 
Sis (2-Chloroethyl) ether 
Bis (2-Chloroisopropyl) ether 52.1 44.5 60.5 52.4 ± 8.0 
Nitrobenzene 53.5 47.5 65.2 55.4 ± 9.0 
Acenaphthylene 65.6 56.4 87.7 69.9 ± 16.1 
Dimethyl phthalate tr tr tr 57.6 60.6 70.1 62.8 ± 6.5 
2,6-Dinitrotoluene 55.9 43.0 70.2 56.4 ± 13.6 
4-Bromophenyl-phenyl ether 70.5 64.1 81.0 71.9 ± 8.5 
Di-N-Butylphthalate 66.4 63.8 71.8 67.3 ± 4.1 
Bis(2-Ethylhexyl) phthalate 83.8 78.9 94.5 85.7 ± 8.0 

Coefficient 
of 

Variation 

5.6% 

12.8% 
8.5% 
8.2% 
4.6% 
5.5% 

2.9% 
11.0% 

Coefficient 
of Variation 

13.2 

15.3 
16.2 
23.0 
10.4 
24.1 
11.9 
6.1 
9.3 

(a) Recoveries are expressed in percent. Approximately 10 ~g of each component were added to the 
top of one-inch by nine-inch XAD-2 columns. 

(b) These two compounds co-eluted. 
3,3'-Dichlorobenzidene and Benzo(b)fluoranthene were not recovered. (See Text) 
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from quantitated gas chromatograms obtained before and after the particular 
step or steps under study. Two of the components in the mixture (3,3'-Dichloro­
benzidine) and benzo(b)fluoranthene were not recovered because their retention 
times in the gas chromatographic column were longer than the standard run time 
used in all our analyses. One component, 4-Bromophenyl-phenyl ether, eluted 
from the chromatographic column, gave satisfactory recoveries for two. of the 
studies but could not be recovered either before or after the separation step 
in two other cases. Since the analytical conditions were identical in all 
these studies, it is difficult to propose a satisfactory rationale for this 
phenomenon. 

Substantial evaporative losses occurred when ether samples were evaporated with 
a stream of dry nitrogen. However, boiling the ether off through Snyder "bubble­
cap" columns gave satisfactory recoveries ranging from 82.0 to 111.0 percent 
(Table 4). Recoveries from the gel permeation step were also satisfactory 
(Table 5) ranging from 81.2 to 90.3 percent with the exception of Bis(2-Ethyl­
hexyl)phthalate, which averaged 120%. This higher value, together with the 
111% from Table 4 probably reflects some contamination of the sample with this 
component during the procedure. Since phthalates are ubiquitous plasticizers, 
such contamination is not surprising. Recoveries from silica gel (Table 6) 
were somewhat lower, ranging from 68.3-80.9% (Bis(2-Ethylhexyl)phthalate 
was again higher at 90.5%). 

Table 7 lists the overall recoveries from compounds added to the top of XAD-2 
columns used for environmental sampling. The overall recoveries averaged some­
what higher than would be predicted from the individual recovery studies, but 
the coefficient of variations for the recoveries of individual components were 
in general higher, as might be expected. 

These results have provided some assurance that microgram quantities of neutral 
components adsorbed on the XAD-2 column are recoverable to about 50-70%. The 
extensive work by Junk, et al. (1974) has shown that trace levels of non-polar 
and moderately polar compounds are adsorbed from water onto XAD-2 resin with about 
90% efficiency under the conditions used for sampling. Thus, we feel that trace 
quantities of non-polar or moderately polar (and hence lipophilic) products of 
chlorination of natural waters can be recovered adequately with the adsorption 
~nd separation techniques used for these studies. 

4.3 Haloform Analysis of XAD-2 Extracts 

The gas chromatographic method described for the analysis of XAD-2 ether extracts 
described in Section 3.2 was applied to all large volume samples as well as those 
XAD-2 samples specifically collected for haloform analyses. Concentrations of 
individual haloforms in ether extracts from XAD-2 samples ranged over two 
orders of magnitude. A typical chromatogram obtained from this analysis is 
given in Figure 7. Investigation of the value of the internal standard constant, 
K, for each component as a function of component concentration gave the curves 
in Figure 10. Theory predicts horizontal lines (i.e., K =constant). Note in 
the figure that instrument integration parameter settings were important in 
obtaining accurate area measurements at low bromoform concentrations. Bromoform 
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FIGURE 10. Relative Response Factors for Electron Capture Analysis of XAD-2 
Extracts. Slope sensitivities (SS) were all 8 for the analysis 
except for the lowest concentrations of CHBr3. 

retention time was sufficiently long to generate peaks which were broad with 
respect to height and thus a more sensitive slope sensitivity was required at 
low concentrations. 

Figure 10 shows that a slope sensitivity (SS) of 8 does not give proper inte­
gration at low concentrations of CHBr3. Analytical reproducibility for all 
components was within 5%, generally well within 2%, for all concentrations w1tn 
the exception of the lowest concentration of bromoform studied, where the 
reproducibility was only about ±20% a·t 0.29 llg/1. The curves presented in 
Figure 10 were used to select the internal standard constant K most appropriate 
for the analete concentrations. 

4.4 Total Organic Halogen by Microcoulometry 

Experience with the microcoulometer has revealed some problems and limitations. 
The effert required to maintain optimal instrument performance seems to be 
excessive. Organic solvents give positive readings in the absence of added 
chlorine. The value of the solvent blank depends upon the type of solvent as 
well as other variables which we do not as yet understand. Values of blanks 
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range between 1 and 2 ppm Cl, but at times we have observed negative responses. 
The instrument manufacturers are aware of solvent blanks but do not have an 
explanation for the phenomenon. Solvent blanks are not described in two 
papers discussing the use of the microcoulometric technique in environmental 
chemistry (Glaze et al., 1977; Wegman and Greve, 1977} . The blanks we obtain 
make the accuracy of measurements at the 1-2 ppm level unreliable, since the 
experimental value is on the same order as the blank. Another problem is that 
the efficiency of halogen recovery depends upon the type of halogen (chlorine, 
80 to 90% for CHCl3; bromine, ~50% for CHBr3) as well as the nature of the com­
ponent. Wegman and Greve (1977} found recoveries of chlorine varying between 
56% for dichloropropane to 92% for Aldrin. There is also a potential problem 
with interference from sulfur if it occurs in concentrations of 100-fold over 
the halogen. The reproducibility of the method is less than desirable. 
Table 8 gives some results showing the range of variability obtained from envi­
ronmental samples where the analyses were replicated more than three times. 

The advantages of total organic halogen (TOX} determination far outweigh the 
problems inherent in the technique. The combination of TOX measurements with 
gas chromatographic determination of individual haloform constituents provides 
a valuable tool for the characterization of ether extracts from XAD-2 samples 
of natural waters. This approach was suggested by Glaze, et al. (1977}. 

TABLE 8. Reproducibility of Microcoulometric Method for Total Organic Chlorine 
in XAD-2 Samples 

Solvent Date 
JJg/m~ in sample 

v( %) n x ± s .d -
Benzene 1/31/79 4 295.56 ± 2:5o 0.84 

1/31/79 5 1.64 ± 0.31 18.90 
4/12/79 4 2.07 ± 0.20 9.66 
4/18/79 4 43.15 ± 2.69 6.23 

Heptane 1/31/79 4 44.39 ± 2.09 4.71 
2/01/79 4 77.40 ± 4.34 5.61 
2/16/79 4 53.14 ± 7.65 14.40 
2/16/79 5 4. 84 ± 0.13 2.69 
3/22/79 4 98:64 ± 5.13 5.20 
4/26/79 4 232.20 ± 12.60 5.43 

Ether 2/09/79 4 6.42 ± 0.67 10.44 
3/12/79 4 11.11 ± 1.04 9.37 
5/10/79 4 10.84 ± 1.10 10.15 
5/10/79 4 4.81 ± 0.19 3.95 

Methanol 6/15/79 4 6.19±0.17 2.75 
7.36 ± 4.83 
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The difference between the two types analyses (TOX less Total Haloforms) pro­
vide a measure of the non-haloform organohalogen constituents trapped on the 
XAD resin that are extractable into ether. Further, the total organic halogen 
measurements on fractions either separated by molecular weight or by polarity 
can be used to determine which fractions contain important concentrations of 
organic chlorine. 

4.5 Anion Analysis by Ion Chromatography 

Samples were run using the anion concentrator column. For river waters. a sam­
ple size of 3 mt was used as a compromise between desired increased sensitivity, 
loading ease, and concentrator column caeacity (the 100-fold dilutions were 
used for the seawater samples). Since F elutes approximately at the void 
volume, passing the 3 ~ sample size through the concentrator column results in 
the nearly total elution of that anion. Cl- is only weakly bound to the resin. 
and therefore is subject to partial loss due to this self-elution at higher 
Cl- concentrations. A high concentration of one or more of the strongly bound 
anions tends to cause decreased recovery of the less strongly bound anions as 
the concentration of S042- would result in partial loss of Br-. Since N03-
elutes very shortly after Br-, and the N03- concentration in river waters can 
be deter~ined by the direct injection method, the perc~nt loss of Br- due to 
high S04 - levels approximates the percent loss of N03 . The Br results deter­
mined by use of the concentrator column were therefore adjusted by this 11 nitrate 
recovery factor. 11 

While the use of a nitrate recovery factor as a linear correction factor on Br­
determinations is simplistic, it does provide a reasonable Br- estimate. In 
laboratory tests using standard solutions, Br- and N03- peak heights both 
decreased with increasing S042- concentrations and to a lesser extent with 
increasing Cl- concentratons. but the effects were not identical. However, for 
the_ levels of Br-and N03- observed, the linear correlation be~ween Br-and 
N03 recovery was reasonable for most river samples. High S04 concentr~tions 
in the Missouri and Ohio Rivers did cause drastic loss of recovery of Br and 
N03- from the anion concentrator columns. Br- values for these rivers are 
therefore highly dependent on the nitrate recovery factor as described above. 
In these two extreme cases, the reported Br- values are estimated to be low by 
no more than a factor of 2 due to the use of the N03- recovery factor. 

Low Br- recovery was also observed in seawater samples when analyzed using the 
concentrator column. Br- values for these samples were most accurately deter­
mined using the sample loop. 
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5. ANALYSIS OF CHLORINATED NATURAL WATERS: RESULTS AND DISCUSSION 

5.1 Volatile Components 

Data on volatile components was generated primarily using the purge-and-trap 
{P&T) technique, since the method is suitable for the identification and quanti­
fication of many important volatile toxic organic chemicals, including twenty­
three compounds listed by the Environmental Protection Agency as priority polu­
tants. At locations where chloroform was the major volatile constituent formed 
from water chlorination, the headspace technique was used as an additional 
method for chloroform analysis. Purge-and-trap samples were not taken at the 
Sequim, Wa, location. Bromoform concentration was determined at that salt 
water station using the XAD-2 adsorption technique. 

The results of the P&T analysis for nine stations are presented in Table 9. 
The data are arranged such that the results for the chlorinated water samples 
are presented at the upper left-hand corner of each box, and the results for 
the corresponding unchlorinated control are presented in the lower right-
hand corner of the same box. For example, the concentration of chloroform 
found in Columbia River water chlorinated at 2.7-3.0 mg/t was 12.0 and 
13.5 ~g/t for duplicate samples; the corresponding unchlorinated control 
contained only traces of CHClJ. The data is presented in this format so that 
component concentrations can be readily compared on a station by station basis 
by scanning vertically down the upper left hand corner results for any individ­
ual component listed. Similarly, information about all components identified 
at any one station can be easily compared by scanning horizontally across the 
upper left hand corners of the boxes corresponding to the station of interest. 
Comparison of any chlorinated value with corresponding control is performed 
by glancing diagonally across a box. 

In addition to the haloforms, dichloromethane and carbon disulfide were found 
in almost all P&T samples investigated; hence these components were added to 
the components used to generate the calibration data (Figure 9). For most sta­
tions, the concentrations of dichloromethane were similar in both chlorinated 
and control water, although the concentrations were significantly higher at two 
stations (l. Michigan and San Onofre). Carbon disulfide was found to be present 
at >20 ug/£ in samples from seven out of nine of the nine stations investigated. 
It is difficult to decide whether this result reflects actual environmental 
concentrations in natural waters. It is possible that CS2 may be a containment 
in the septa used to seal the bottles; however, CS2 was not found in the sam­
ple from San Onofre. Since the CS2 content of the samples did not appear to be 
related to the chlorination process, controlled experiments to determine whether 
the CS2 was a contamination phenomenon were not pursued. 

As reported by many workers, haloforms are found to be the principle volatile 
products arising from the chlorination of natural waters. The data presented 
in Table 9 are in complete agreement with these findings. The waters containing 
significant quantities of sea water (Cape Fear, 50% seawater; San Onofre, 100%) 
produced primarily bromoform, consistent with previous observations (Carpenter, 
1978; Bean et al, 1979; Helz, 1979). The concentrations of haloforms varied 
widely among locations, however. Chloroform production at fresh water locations 
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TABLE 9. Concentrations of Volatile Organics in Natural Waters as Analyzed 
by the 11 Purge and Trap 11 Method (concentrations are reported in 
milograms per 11ter) 

STATION PICHLORO CARBON OICHLORO RICHLOR( 
(DATE) (CI ADDED mg/1) METHANE DISULFIDE CHCI3 CHCI 2 Br CHCIBr, CHBr3 ETHYLENE ETHYLENE 

Cl 1 720 12.0,13.5 " - - - . 
1 COLUMBIA R. (WA) 

(5179) (2.7-3.0) N 1 1 " - - - - • 
Cl 9.9 >20.>20 7.3,5,7 34.3.1 09.0.9 • . -

3. OHIO R (WV) 

(8/78) (4.0-5.3) N 11 >20 0.6 - - - . -

4. L MICHIGAN {MI) Cl 17.14 >20.>20 2 7.2.0 1 8,1.6 0.8.0.5 - - -
(8/78) (3.0-3.8) N 5 >20 " - - - - -

Cl 15 >20 115 10.3 58 • - -
5. MISSOURI R. (MO) 

(9/78) (3.6-4.8) 

' 15 >20 " - - - - -

Cl 11,17 >20.>20 21 2.24 7 60.7.4 11.1_1 . - -6. TENNESSEE R. (KY) 

(9/78) (4.3-4.7) 

' 13 >20 " - - . - -

7. CAPE FEAR (NC) 
Cl 1,3 12.10 " 1 9,2.6 15 7.17.8 54.5t - -

(1 0178) (4 8-5.7) N 3 >20 " - - . . -

Cl 3.4 >20,19 4.1,3.1 1.7,14 ,, . . . 
8. L NORMAN (NC) 

(10178)(4.1) N 3 >20 - - - - - -

Cl 1 >20 18.7,24.5 2.3,34 " 
. - -9. CONNECTICUT R. (CT) 

(1 0178) (4 3-5.0) 

' 1 >20 " 
- - - . -

Cl 6 - - - ,, 130,17.0 - . 
10. SAN ONOFRE (CA) 

{2179) (2.9-3.2) 

' 1 - - - - - - . 
- -- ··- - -- - - --

"' not detected 
tr trace (present m concentrations less than 0.5 jJg/Q) 

shown to be present m single ion reconstructed chromatogram 
++ present at the several IJg/Q level 
t = analyzed usmg XAD-2 method 

TOLUENE 

H 

H 

" 
" 

" ,, 
" 

" 
" 

" 
H 

H .. 
H 

H 

H 

H 

H 



varied from 2 ~g/£ (L. Michigan) to 25 ~g/£ (Tennessee R.). Traces of chloro­
form were found in seven of nine control waters. 

Table 10 gives comparative results obtained for chloroform analysis by both 
P&T and headspace methods. It will be recalled that sampling points in the 
chlorination apparatus were different for the two methods; the headspace 
sample was withdrawn from the chlorination chamber, while the P&T sample was 
taken from the sampling chamber after sulfite and acid had been added with 
stirring. Thus, from the results in Table 3, one would expect values from 
the purge-and-trap analysis to be at least 10% lower. The chloroform values 
reported for the headspace method are higher than the corresponding P&T values, 
with the exceptions of the Tennessee River where the reverse is true, and the 
Missouri River, where the values were essentially the same. The agreement in 
quantitative results obtained between the two quite different sampling and 
analytical methods at the stations investigated gives additional assurance 
that the values obtained for the haloform analyses are reasonably accurate. 

l • 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

1 0. 

(a) 

(b) 
(c) 

TABLE 10. Comparison of Chloroform Analyses by Purge-and-Trap Technique 
with Headspace Technique (concentrations reported at ~g/t)(a) 

Chlorinated Nonclorinated 
Station HeadsEace p + T HeadsEace P + T 

Columbia R. 14.0 ± 0.8 13. 5 ± 1.0 1.2 ± 0. 1 tr(b) 

Ohio R. 7.2 6.5 ± 0.8 1.5 ± 0.3* tr(b) 

L. Michigan 4.6 ± 0.2* 2. 4 ± 0.4 1.0± 0. 1* tr 
Missouri R. 10.4 ± 1.3 11.5 2.3 ± 0.3 tr 
Tennessee R. 16.6 ± 0.4 23.0 ± 1.8 2.3 ± 0. 2 tr 
Cape Fear 4. 1 tr 1.8 tr 
L. Norman 7. 7 ± 0.2 3.6 ± 0.5 1.7 ± 0.0 nd 
Connecticut R. 25.9 ± 2.3 21.6 ± 2.9 l • 3 ± 0.5 tr 
San Onofre B. 0.4 ± 0.0* nd(c) tr nd 

Headspace samples were sampled in triplicate and the sample variation 
reported as ± Standard Deviation except for tbose values with an asterisk 
where duplicates were analyzed and the variation reported as a range. Pu;ge 
and trap samples were analyzed in duplicate where possible, and the variation 
reported as a range. 
tr =trace (present in concentrations less than 0.5 ~g/1) 
nd = not detected 
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7. 
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9. 

10. 

Not only was there wide variation in the total quantity of haloforms produced 
at different locations, there also was a wide spectrum of product distribution. 
For example, in Table 9, the Columbia River sample consisted almost exclusively 
of chloroform, with a trace of bromodichloromethane, and no evidence of other 
haloform species. In contrast, another fresh water sample, from the Missouri 
River contained almost as much of the monobromo species (10.3 ~g/t) as it did 
chloroform (11.5 ~g/t), with significant quantities of the dibromo species 
(5.8 ~g/i). Helz (1979) has shown a direct relationship between the seawater 
content of estuarine water and the relative quantity of bromine incorporateG 
into the haloforms produced by chlorination. Since sea water contains about 
65 mg/~ bromide, it is not surprising that small quantities of sea water can 
produce quantities of relatively large organobromine compounds, since bromide 
ion is easily oxidized to bromine by chlorine in aqueous solution. Both Minear 
(1980) and Oliver (1980) have shown the relationship between the bromide ion 
content of natural waters and the production of bromine-containing haloforms 
from chlorination of these waters. Table 11 shows the principal anionic 
species found to be present in water obtained from nine of the ten stations 
sampled. A comparison of the bromide ion concentrations in Table 11 with the 
haloform distributions given in Table 9 reveals a good correlation between the 
bromide ion concentration found and the relative abundance of bromine in the 
haloforms produced during chlorination. Both the Missouri and Ohio Rivers 
were found to contain about 80 and 70 ~g/t bromide ion; and the contribution 
of bromodichloromethane to the total haloform produced is substantial. The 
Columbia River contained only about 4 ~g/t bromide ion, and very little bromide 
contribution to total haloforms is observed. 

TABLE 11. Anionic Species Present in River and Sea Water Samples 

Sampling 
S04- N03- P0~3 -Station Date Cl Br F 

-----------------ppm-------------------------
Columbia R. 4-10-79 1 0.004 12 0.4 0. 1 <0.03 

Sequim B 8-9-78 

10:00 (tide out) 17480 55 2300 <1 2 <3 

15:00 (tide in) 17080 53 2260 <2 2 <2 

Ohio R. 8-17-78 28 0.07 218 5 0.3 <0.2 

Missouri R. 9-8-78 17 0.08 176 1 0.4 0.2 

Tennessee R. 9-10-78 6 0.03 140.3 0. 1 <0. 1 

Cape Fear 10-14-78 8260 26 1030 <3 nd(a) <0.6 

L. Norman 10-16-78 3 0.02 4 0.3 0.1 <0.03 

Connecticut R. 10-20-78 13 0. 03 13 2 0.1 0.4 

San Onofre 2-28-78 19150 54 2440 <2 nd <2 

(a) nd--not determined 
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A major observation to be made about the waters sampled and analysed by P&T is 
that they were remarkably free from contamination by volatile non-haloform 
organic compounds. Although each GC/MS run was searched using single ion 
reconstruction technique for all of the 23 priority pollutants, Table 9 lists 
all of the compounds actually found in the samples which were not found in 
procedural blanks. Traces of di- and trichloroethylene were found in some 
samples, but not in any significant quantity or pattern which might indicate 
their formation as a consequence of chlorination. Comparability of toluene 
concentrations between chlorinated sample and control, and the consistency with 
which it was found in all samples suggests that it was present as a contaminant 
in the sampling apparatus. 

The concentrations of haloforms found in our studies should be placed in context 
with other processes involving chlorination. Chlorine treatments of drinking 
water and of waste waters are common disinfection practices. Chlorine doses used 
for these purposes are often substantially higher than used for biofouling con­
trol. Ohio river water when treated with 10 mg/t chlorine was found to produce 
chloroform concentrations between 100 and 200 Mg/t after 24 hours (Rickabaugh 
and Kinman, 1978). Similar concentrations of chloroform were found in the water 
of a major Virginia drinking water distribution system in 1975 (Hoen, et al., 
1978), although the average chloroform concentration in the drinking waters of 
eighty U.S. cities was reported to be 21 Mg/~ (Sonneborn and Bohn, 1978). Waste 
water chlorination levels can be higher than those used for drinking water, often 
exceeding 10 mg/t and occasionally rising as high as 50 mg/t (Howland and 
Wallace, 1978). Thus, although in many cases additional treatment of the chlori­
nated waters reduces the quantity of chloroform produced by chlorination of 
drinking and waste waters, the levP.ls of chloroform in waste waters and in ordi­
nary domestic water can be at least as high and often greatly exceed those 
found in our studies. 

5.2 XAD-2 Samples: Haloforms and Organic Halogen Analyses 

A primary task in the analysis of the XAD-2 samples was to determine the quantity 
of non-haloform organic halogen adsorbed on the XAD resin columns. This was 
accomplished by analyzing the ether extracts for total organic halogen (TOX) by 
microcoulometry and for total haloforms by electron capture gas chromatography. 
The halogen present in the sample as haloform halogen is then subtracted from the 
TOX to yield the value for non-haloform halogen. This procedure closely follows 
that reported by Glaze, et al. (1977). 

The results of the analyses obtained from the ten locations studied are in 
Table 12. For all stations, samples were collected on XAD-2 columns connected 
in series. The top control column, and the top and bottom chlorinated water 
columns were analysed for haloforms and TOX. For six stations, duplicate sets 
of top and bottom chlorination samples were analysed. As in the case of the 
bromoform analysis procedures (see Section 4), analysis of columns in series 
was performed in order to investigate the efficiency of adsorption of halo­
genated material. 

The data in Table 12 demonstrate the poor recovery of chloroform from water 
under the sampling conditions used, since values for chloroform from top and 
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bottom columns are quite similar. This would be predicted from the data in 
Table 2 which indicate only about 10% recovery of chloroform. As has been 
previously pointed out (Table 1), bromoform is trapped much more efficiently. 
Comparison of data obtained for top and bottom columns did not give the infor­
mation about trapping efficiencies for non-haloform components we hoped to 
obtain. If non-haloform components were trapped much more efficiently than 
chloroform, then the percent total halogen as chloroform in the bottom columns 
should be much higher for the fresh water stations. The data for fresh water 
stations does not show a trend of this type; in fact, the reverse was found to 
be the case (higher percent haloform halogen in the top column) for most of 
the sample pairs obtained for the fresh water. For all salt water stations the 
quantity of non-haloform bromine in the top column was substantially higher 
than in the bottom column, indicating that the bulk of the non-haloform organa­
bromine was trapped by the XAD-2 resin columns from the seawater systems. 

An observation which stands out clearly from the data on Table 12 is that the 
haloforms in all cases are the principal source of organic halogen trapped on 
the XAD-2 resins. Since in the case of fresh water the efficiency of chloro­
form absorption under the sampling conditions was only about 10% (Table 2), 
it appears very likely that haloforms constitute the principal lower molecular 
weight, lipophilic halogenated species formed from the low level chlorination 
of both fresh and saline natural waters. This result, although not conclusive 
when based on the data in Table 12 (and Table 9), is investigated further in 
the next section dealing with the fractionation of the ether extracts. Another 
observation which can be made from Table 12 is that methods for analysis of 
TOX in water which rely on adsorption of matter onto XAD-2 resins, such as 
that reported by Glaze (1977), are in need of further investigation regarding 
efficiency of the adsorption medium. For the purposes of these investigations, 
XAD-2 resins are adequate for collection of the lipophilic chlorinated compon­
ents of interest since their efficiency for these components has been demon­
strated (Junk, 1974); however, very hydrophilic components may adsorb poorly 
on XAD-2 and thus not be included in a TOX method using these resins. 

5.3 XAD-2 Samples: Analysis of Fractions for Total Organic Halogen 

Fractions obtained from the XAD-2 ether extracts were analyzed routinely for 
organic halogen using the microcoulometric method. These results, expressed 
as nanomoles of halogen per liter of water sampled are given in Table 13. 
Values given in Table 13 are not corrected for recover1es. The first column 
gives the TOX in the ether extract prior to evaporation and is derived from 
the TOX data on Table 12. The next column gives the TOX in the evaporated 
sample after changing to benzene. Note that for the fresh water stations, there 
are considerable losses in halogen resulting from the evaporation step; this 
can be attributed to losses of volatile chloroform. For the marine samples, 
losses are generally not as great as with the fresh water samples since bromo­
form is less volatile. Two samples from Station 10 (San Onofre) gave lower 
TOX values for the ether extracts than for the evaporated sample. We cannot 
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account for this; the other data appears to be consistent with evaporation of 
haloform during sample concentration. 

The data on Table 13 is difficult to digest or interpret, since so many variables 
are represented (ten stations, chlorinated and control samples, replication, 
and top and bottom columns). However, before examining the data in another 
format, a few comments should be made. The data are based on triplicate 
analyses of the organic halogen in the fractions by microcoulometry and consist 
of the average + standard deviation. Variation was usually within 1m~ although 
there are exceptions. 

It will be seen from inspection of Table 13 that in only one instance was any 
organic chlorine found in the higher molecular weight fractions. The gel 
permeation procedure was instituted in order to remove high mole weight mater­
ials which appeared to interfere with the gas chromatographic analysis of the 
ether extracts. It seems that 1 ittle if any chlorinated material of mole 
weight greater than 800 is present in the ether extracts. Comparison of the 
weights of selected evaporated residues with those of solvent blanks indicated 
that little, if any material was actually present in these fractions. The 
procedure was continued throughout the course of the program in order to 
maintain consistency of analytical results; however in view of the absence of 
chlorine in these fractions, further work with XAD-2 extracts in the future can 
undoubtedly be conducted without the use of the gel permeation step. 

The quantity of halogen found in the fraction <800 molecular weight was con­
sistently less than that present in the evaporated sample prior to the GPC 
procedure. In general, the losses are more than can be accounted for by the 
recovery studies (Table 5) which indicate losses no greater than 20% as a 
result of the GPC step. These losses are therefore interpreted to be largely 
due to volatilization of remaining haloform in addition to mechanical losses. 
Since the preparation of the <800 mole weight fraction requires evaporation of 
a considerable quantity of benzene, it is believed that most of the additional 
haloform has been removed from the sample by this step, and that the organic 
halogen analysis is a fair representation of the non-haloform organohalogen 
remaining in the sample. 

The data on Table 13 have been reorganized into another format which allows 
better inspection of the data with respect to the variables studied. Tables 
14 and 15 are arranged in a manner similar to Table 9. The results are not 
reported on a molar basis as in Table 13, but are expressed in ~g/i chlorine. 
Regardless of the actual halogen present in the sample, all the numbers are in 
terms of equivalent weight of chlorine. The ~g/i equivalent chlorine found in 
any one fraction can then be directly compared to the mg/i chlorine originally 
added to the water (also given in Tables 14 and 15) to give a measure of the 
relative quantity of added chlorine used to form the organochlorine found in 
the sample. 

In Table 14 the upper left hand corner of each box gives the value of the 
chlorinated sample and the lower right hand corner the value for the corres­
ponding control. The data on this table gives values derived only from the 
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TABLE 12. Comparison of Haloform Content in XAD-2 Extracts with Total Organic Halogen 

% Halogen as 
Sample nMole X nMole X Haloform in 

(Date)(C1 Added CHC13 CHClzBr CHCl Brz CHBr3 per 1 iter per 1 iter Chlorinated 
~mg/t) (~9/') (~Si') (gsitl (gsi'l as_ Halpfor_m Mi cr_qcouJ ometer Sample 

l.Columb1a R. (I·JA) 
(5/79)(2.7-3.0) 
Control Top A 0.03 nd nd nd 0.9 2.9 ± 1.9 
Chlorinated Top A 2.26 0.22 0.01 nd 60.8 80.3 ± 3.9 76 
Chlorinated Bottom A 2.56 0. 21 0.01 nd 68.2 84.2±7.1 81 

2. Sequim B. {WA) 
(8/78)(1.8) 
Control Top nd nd nd nd nd 12.7 ± 4.3 
Chlorinated Top 0.06 0.03 0.60 11.13 143.4 235.8 ± 14.3 61 
Chlorinated Bottom 0.04 0.02 0.35 4.23 56.6 60.0 ± 0.2 94 

3. Ohio R. (WV) 
w (8/78 )( 4. 0-5. 3) 
m Control Top A 0.04 nd nd nd 0.9 10.7±1.2 

Chlorinated Top A 1.28 0.89 0.61 tr 57.3 84.4 ± 8.4 68 
Chlorinated Bottom A 1.37 1.02 0.47 nd 59.9 87.7 ± 3.9 68 
Chlorinated Top B 0.67 0.48 0.47 tr 32.5 64.3 ± 4.8 51 
Chlorinated Bottom B 1 .DO 0.36 0.30 0.04 36.7 60.8 ± 1.3 60 

4. L. Michigan (MI) 
(8/78){3. 0-3. 8) 
Control Top A 
Chlorinated Top A D. 91 0.88 0.67 tr 48.6 53.9 ± 5.7 93 
Chlorinated Bottom A 0.72 0.74 0.35 nd 36.6 43.1±1.5 85 
Chlorinated Top B 0.93 0.90 0.64 tr 49.0 58.6 ± 1.4 84 
Chlorinated Bottom B 0.82 0.69 0.34 0.01 38.3 59.5 ± 4.7 64 

5. Missouri R. (MO) 
(9/78)(3.6-4.8) 
Control Top A nd nd nd nd 0.0 25.3 ± 3.7 
Chlorinated Top A 1.60 2.26 2.36 0.36 120.0 155.6 ± 6.7 77 
Chlorinated Bottom A 2.24 1.97 1.74 0.09 118.3 140.1 ± 0.6 84 
Chlorinated Top B 3.31 2.58 2.67 0.28 172.0 183.8 ± 6.8 94 
Chlorinated Bottom B 2.88 2.52 1. 91 0.25 148.9 190.5 ± 8.6 78 



6. Tennessee R. (KY) 
(9/78)( 4. 3-4. 7) 
Control Top A nd nd nd nd 0.0 32.7 ± 3.7 
Chlorinated Top A 3. 31 1. 54 0.48 nd 118.0 177 .a ± a.6 66 
Chlorinated Bottom A 4.08 1. 76 0.35 nd 139.7 175.8 ± 5.7 79 
Chlorinated Top B 5.05 2.02 0.57 nd 172. 1 190.9±4.1 90 
Chlorinated Bottom B 4.69 1.55 0.25 nd 149.7 195.9 ± 10.8 76 

7. c. Fear (NC) 
(1 0/78)(4 .8-5.7) 
Control Top A nd nd nd nd nd 25.0 ± 33.1 
Chlorinated Top A 0.05 0.70 7.76 36.33 556.6 697.7±33.9 80 
Chlorinated Bottom A 0.05 0.32 4.98 19.21 306.6 454.4 ± 27.0 68 

B. L. Norman (NC) 
(10/78)(4.1) 
Control Top A nd nd nd nd 0.0 13.2 ± 5.5 
Chlorinated Top A 2.20 1.03 0.34 tr 79.1 116.3 ± 12.3 68 

w Chlorinated Bottom A 1.22 0.54 0.11 nd 42.1 70.7±1.5 60 
~ Chlorinated Top B 2.20 o. 96 0. 31 0. 17 79.3 84.8 ± 1.9 94 

Chlorinated Bottom B 1.37 0.54 0.12 0.04 46.3 59.2 ± 3.2 78 

9. Connecticut R. (CT) 
(10/78)(4.3-5.0) 
Centro 1 Top A 0.07 nd nd nd 1.8 27.5' 3.6 
Chlorinated Top A 1. 75 0.28 0.02 0.03 51.41 60.3 ± 3.7 85 
Chlorinated Bottom A 3.37 0.53 0.04 nd 94.8 155.1 ± 8.8 61 
Chlorinated Top B 4.30 0.73 0.05 nd 123.9 177.3 ± 6.5 70 
Chlorinated Bottom B 4.01 0.52 0.04 nd lll.O 146.1 ± 6.6 76 

10. San Onofre LeA_) 
(2/79}(2. 9-3. 2) 
Contra 1 Top A nd nd nd nd nd 1.8 ± 1.5 
Chlorinated Top A nd 0.02 0.40 15.29 187-5 247.1±20.4 76 
Chlorinated Bottom A nd 0.02 0.23 6.20 77.2 100.8 ± 5.3 77 



TABLE 13. Analysis of XAD-2 Extracts and Fractions for Total Organic Halogen 
(Values expressed as nanomoles halogen per liter of water samples) 

Sample GPC Fractions Silica Gel Fractions 
(Date)(Cl Added Ether 5. 00-800 80/20 100% lao% 

mg/11 Extract lata 1 >15,000 MW MW <800 MW Hex/Ether Ether Methanol 

1. Columbia R. (WA) 
(5/79) (2. 7-3.0) 
Control Top A 5.3 ± 1.9 2.8±0.1 od od 1.6 ± 0.2 0.2 ± 0.0 1.0 ± 0.2 0,4 ± 0.0 
Chlorinated Top A 85.2 ± 3.9 46.5±1.9 od od 10.5±1.4 5.4 ± 0.5 2.1 ± 0.1 1.7 ± 0.0 
Chlorinated Bottom A 86.3±7.1 54,8 ± 0.4 od od 6.7 ± 0,6 1.6 ± 0.1 0.6 ± 0.0 od 

2. Seauim B. (WA) 
(8/78)(1.8) 
Control - Top A 12.7 ± 4.3 11.1 ± 1.2 od od 2.4 ± 0.2 0.5 ± 0.0 0.8 ± 0,0 od 
Chlorinated - Top A 235.8± 14.3 165,3 ± 6.2( ) od od 41.4±2.3 10.5 ± 0.5 0.4 .± o. 1 1.0 ± 0.2 
Chlorinated - Bottom A 60.0 ± 0.2 5,5 :t 0.5 a od od 1.0±0.1 0.2 ± 0.0 0.4±0.1 0,5±0.1 

3. Ohio R. (WV) 
(8/78)(4.0-5.3) 
Control Top A 41.1 ± 1.2 9.5 ± 0.2 od od 5.0 ± 0.2 1.3 ± o.a 1.7 ± 0.3 0.3 ± 0.3 

w Chlorinated Top A 154.4 ± 8.3 52.4 ± 0.4 od od 13.7±1.5 2.1±0.0 1.9 ± 0,0 0.5 ± 0.3 

"' Chlorinated Top B 64.3 ± 4.8 41.2±1.3 od od 17.5 ± 0.4 3.9 ± 0.4 2. 0 ± o. 1 2.5 ± 0.5 
Chlorinated Bottom B 60.8±1.3 24,2 ± 0.6 od od 6.7 ± 0.2 1.8±0.1 1.9 ± 0.0 0.4 ± 0.4 

4. L. Michigan (MI) 
(8/78)(3.0-3.8) 
Control Top A -- 5. 7 ± 0.1 od od 2.2 ± 0.0 0,6 ± 0.0 0.7 ± 0.0 M 
Chlorinated Top A 113.6 ± 5.8 42.6 ± 1.8 0.1 ± 0.0 0,2±0.1 11.1 ± 0.1 2.8±0.1 1.8±0.1 0.2 ± 0.0 
Chlorinated Top B 58.6 ± 1.4 30.8 ± 0.7 od od 11.4±0.2 3.1 ± 0.1 1.2±0.1 0.4 ± 0.0 
Chlorinated Bottom B 59.5 ± 4.6 24.6 ± 0.6 od od 3.1 ± 0' 1 0.7 ± 0.0 0.6 ± 0.1 0.3 ± 0.0 

5. Missouri R. (MO) 
(9/78)(3.6-4.8) 
Control Top A 25.3 ± 3.7 6.0 ± 0.2 od od 4.6~0.1 1.2±0.1 2.0 ± 0.0 0.9 ± 0.0 
Chlorinated Top A 155.6 ± 6.8 106.9 ± 3,0 od od 23.7±1.7 5.7 ± 0.8 8.9 ± 0.6 2.1±0.0 
Chlorinated Top B 183.5 ± 6.8 114.4 ± 2.4 od od 28,0±1.4 6.3 ± 0.1 5.0 ± 0.3 1.9 ± 0.2 
Chlorinated Bottom B 191.3 ± 8.6 94.5 ± 2.8 od od 17.8±0.3 1.2 ± 0.4 0.5 ± 0.7 0.8 ± 0.0 



6. Tennessee R. (KY) 
(9/78)(4.3-4.7) 

0.8 ± 0.1 1.8±0.1 Control Top A 37.8±3.7 5.4 ± 0.3 "' "' 3.4 ± 0.1 1.6 ± 0.0 
Chlorinated Top A 193.3 ± 8,5 134.9 ± 4.0 "' "' 35.8±1.4 10.0 ± 0.4 11.3 ± 1.1 6. 1 ± o. 1 
Chlorinated Top B 190.9±4.1 118.8 ± 2.6 "' "' 36.0 ± 2.0 5.8 ± 0.2 10.9 ± 0.4 3.9 ± 0.4 
Chlorinated Bottom B 200.7 ± 10.4 78.7 ± 10.4 "' "' 8.3 ± 0.4 l. 1 ± 0. l 3.3 ± 0.6 1. 1 ± 0. 1 

'· Cape Fear (NC) 
(10/78)(4.8-5.7) 
Control Top A 25.0±3.1 31.1 ± 0.7 "' "' 8.3 ~ 0.5 0.8 ± 0,0 6.3 ± 0.4 0.5 ± 0.0 
Chlorinated Top A 697.7 ± 33.9 329.3 ± 53.3 "' "' 88.7 ± 1.5 26,6 ± 1.6 9,1±1.0 "' Chlorinated Bottom A 454.4±27.0 97.8±16.9 "' "' 68.4 ± 3.0 26.8 ± 1.4 0.6 ± 0.1 "' 

8. L. Norman {NC) 
(10/78)(4.1 I 
Control Top A 13.2 ± 5.5 3.1 ± o. 1 "' "' 1.5 ± 0.0 0.5 ± 0.0 0.7 ± 0.0 0.6 :t 0.2 
Chlorinated Top A 117.6 ± 12.2 86.0 ± 1.4 "' "' 29.2 ± 2.0 6.0 ± 0.1 11.8 ± 0.5 4.4 ± 0.3 

w Chlorinated Top B 84.9 ± 1.9 67.4 ± 4.9 "' "' 29.0 ± 0.8 6.5 ± 0.0 10,5 ± 1.1 2.3 ± 0.3 

"' Chlorinated Bottom B 59.1 :t 3. 2 36.0 ± 2.0 "' "' B. 1 ± 0,6 1.2 ± 0.4 2.5 ± 0.3 a. 2 :t o.a 

9. Connecticut R. (CT) 
(10/78)(4.3-5.0) 
Control Top A 27.5 ± 3.6 8.3 ± 0.3 "' "' 4.1 ± 0.1 1.3 ± 0.0 1.7 :t 0.2 0,6±0.1 
Chlorinated Top A 177.5 :t 8,1 105.9 ± 1.3 "' "' 16.0 ± 0.3 4.1 ± 0.2 3.0 ± 1.2 2.0 ± 0.2 
Chlorinated Bottom A 146.8 ± 6.6 87.0 ± 4.1 "' "' 9.6 :t 0.3 1 '9 ± 0.0 3.8 ± 0.3 0.8 :t 0.1 

10. San Onofre (CA) 
(2/79)(2.9-3.2) 
Control Top A 1.8 :t 1.5 7.7 ± 0.3 "' "' 1.7±0.1 0.3 ± 0.1 0.9 ± 0.2 0. 2 ± 0. 1 
Chlorinated Top A 24.7 ± 20.4 85.5 ± 4.5 "' "' 40,2 ± 1,5 16.5 ± 0.9 12.4 :t 0.9 3.7 ± 0.2 
Chlorinated Bottom A 100.8 ± 5.3 25.8±1.6 "' "' 11.9±0,5 2.8 :t 0.4 2 .3 :t 0.1 1.0±0.1 

(a) Sample evaporated almost to dryness in interval between ether analysis and GPC separation. 
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TABLE 14. Halogen Recovery in Organic Fractions Expressed as ~g/t Chlorine 

CHLORINE TO CHLORINE TO CHLORINE TO SILICA GEL FRACTIONS 
STATION HALOFORMS NONHALOFORMS 
(DATE) (CI ADDED mg/L) (PURGE & TRAP) (<800MW) HEX/ETHER ETHER MeOH 

1 COLUMBIA R (WA) jCI 1 1.9 .37 I 19 .07 .06 

(5/79) (2.7-3.0) IN " .06 .01 .04 

2. SEQUIM BAY (WA) Cl 8.7~ 1.48 37 .23 .04 

(8178) (1.8) N od .09 .01 .01 

3. OHIO R (WV) Cl 84 .49 .. 62 .07, 13 .07,.07 .02. 09 

(8178) (4.0-5.3) N 05 18 .05 06 

4. L MICHIGAN (MI) Cl 3.5 39 .. 40 1 0,.11 .06 .. 04 .01 .. 01 

(8178) (3.0-3.8) N " DB .02 .02 

5. MISSOURI R. (MO) Cl 19.9 .84 .. 99 .20. 22 32, 18 .07,.07 

(9178) (3.6-4.8) N " 16 .04 .07 

6. TENNESSEE R. (KY) Cl 25.4 1 26,1.28 .35 .. 21 .40, 39 .21..14 

(9178) (4.3-4.7) N " 12 06 .03 

7. CAPE FEAR (NC) Cl 32 9• 3.14 94 .32 od 

(10178) (4 8-5.7) N " .29 .03 22 

8. L NORMAN (NC) Cl 42 1.04.1 .03 .21, 23 .42 .. 37 16 .. 08 

(10/78)(4.1) N od 05 .02 02 

9. CONNECTICUT.R_ (CT) Cl 21 1 57 15 30 .07 

(10178) (4.:3-5.0) N " 15 05 06 

10. SAN ONOFRE (CA) Cl 6.3 1.43 58 .43 13 

(2179) (2.9-3.2) N od .06 .01 .03 

tCI = Chlorinated 
N = Nonchlorinated 
~Bromoform analysiS performed us1ng XAD-2 adsorption method 

01 

02 

.01 

.01 

.03 

.06 

.01 

02 

.02 

.01 



TABLE 15. Halogen Recovery from XAD-2 Columns in Series 
Expressed as ~g/t Chlorine 

CHLORINE TO CHLORINE TO SILICA GEL FRACTIONS 
STATION NONHALOFORMS 
(DATE) (CI ADDED mg/L) {<800 MW) 

1 . COLUMBIA R.IWA) jT .37 

15179)12.7·3.0) jB .24 

2. SEQUIM BAY IWA) T 1.48 

18/78) 11 .8) B .03 

3. OHIO R.IWVJ T .62 

18178) 14.0·5.3) 8 .23 

4. L. MICHIGAN IMI) T .40 

18/78) 13.0·3.8) 8 . 11 

5. MISSOURI R.IMO) T 99 

19178) 13.6·4.8) 8 .63 

6. TENNESSEE A. (KY) T 1.28 

19178114.3·4.7) B .29 

7. CAPE FEAR INC) T 3.14 

110/78) 14.8·5.7) B 2.42 

8. L NORMAN INC) T 1.03 

11 0/78)14.1) B .29 

9. CONNECTICUT R ICT) T .56 

11 0/78)14.3·5 0) B .34 

10. SAN ONOFRE (CA) T 1 .43 

12179) 12.9·3 2) B .42 

(
T ==top XAD-2 Column 

t 8 =bottom XAD-2 Column 
nd = not detected 
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HEX/ETHER ETHER MeOH 

.19 .07 .06 

.06 .02 nd 

.37 .22 .03 

.01 .01 .02 

.14 .07 .09 

.06 .07 .01 

.11 .04 .01 

.02 .02 .01 

.22 .1 7 .07 

.04 .23 .03 

.21 .39 .14 

.04 .12 .04 

.94 .32 nd 

.95 .02 nd 

.23 .37 .08 

04 .09 .01 

.15 .30 .07 

.07 .13 .03 

.58 .44 .13 

.10 .08 .04 



~ XAD-2 columns. For example, three milligrams per liter chlorine was added 
to the Columbia River sample, resulting in 11.9 micrograms of chlorine used 
for the production of haloform and 0.37 micrograms used in the production of 
the (mostly) haloform free <800 mole weight fraction. In this case, we have 
accounted for less than one percent of the added halogen as organohalogen 
(~0.4%), most of which is in the form of haloform. Inspection of the data for 
the other stations yields a similar result. At all stations, the amount of 
halogen found by our procedures to be converted to haloforms was less than one 
percent of the added chlorine, and the non-haloform halogen was considerably 
less than the haloform halogen. Helz and Hsu (lg78) have reported yields of 
chlorine as haloform to range between 0.43 and 4.88% of chlorine added, during 
their studies of haloform formation from the chlorination of estuarine waters. 
In the Helz study, chlorine concentrations were 1 and 10 mg/liter. This 
result is similar to the results obtained in our studies, .although in our 
results, the yields of all chloroorganic halogen were always less than one 
percent of the chlorine added (a low of 0.13% for Lake Michigan to a high of 
0.78% for Cape Fear, after correction for procedural losses). The lower range 
found in our studies is at least in part due to the difference in experimental 
procedures; in the studies of Helz and Hsu (1978), chlorination of waters was 
carried out in a closed system, whereas our chlorination and sampling proce­
dures involved one-hour residence time in an open, flowing system. 

Also presented in Table 14 are the distributions of organochlorine recovered 
from the silica gel fractions. The first two fractions (hexane/ether and 
ether) represent those components which are lipophilic and potentially 
bioaccumulatable. The concentrations of chlorine represented in these frac­
tions are extremely low, on the order of 0.1% of the chlorine added to the 
water. However these data must be considered in the context of the procedural 
losses experienced during the analysis, and the efficiency of the sampling sys­
tem in recovering them. 

The procedural recovery data on Tables 3-6 have given assurance that overall 
procedural losses for the lipophilic fractions are no greater than 50%. The 
data on Table 15, in which the chlorine in fractions from the top XAD-2 columns 
(upper left hand corners) are compared with that in the corresponding bottom 
XAD-2 columns (lower right hand corners) is very important in forming a judg­
ment as to whether the sampling process was efficient. For most stations, 
less than half the amount of chlorine was found in the hexane/ether fractions 
of the bottom columns than was found in the sample fractions from the top 
columns. The single exception was at Cape Fear, in which essentially the same 
quantity of chlorine was found in the hexane/ether fraction from the top col­
umn (0.94 ~g/~) as from the bottom column (0.95 ~g/~). Clearly in this case, 
concentrations of these components were sufficiently high to overload the 
sampling system. Thus, quantities of chlorine appearing as non-haloform lipo­
philic organohalogen compounds in the Cape Fear water are in excess of two 
~g/t, but it is not possible to estimate the actual concentration, since 
recovery efficiencies cannot be estimated. 

On the other hand, for the other nine stations, there is evidence that the 
bulk of the lipophilic organohalogen material in the hexane/ether fraction 
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formed by the chlorination process was trapped on the two XAD-2 columns in 
series, since much less chlorine was found in these fractions on the bottom 
column than the top. Thus we can say with reasonable assurance that for all 
but the Cape Fear station, quantities of halogen appearing as highly lipophilic 
organohalogen components are on the order of a few micrograms per liter of 
equivalent chlorine. Considering the wide range of compound possibilities it 
appears quite likely that concentrations of individual lipophilic organohalogen 
components found by water chlorination under the conditions of power plant 
cooling water treatment used are in the ~g/~ (parts-per-trillion) range. In 
the unlikely event that all the halogen was contained in a very few compounds, 
their concentrations might conceivably be has high as one ~g/t (one part-per­
billion). 

A similar argument may be applied to those components represented in the ether­
eluted fractions on Tables 14 and 15. Table 15 shows the chlorine content about 
the same for top and bottom diethylether fractions at the Missouri River and Ohio 
River stations. The other locations show a decrease in chlorine content in 
diethylether fraction from top column to bottom. Thus in most cases it appears 
as if the quantity of chlorinated material of intermediate polarity is also very 
low, on the order of less than one ~g/t. 

The results of our studies of XAD-2 extracts, and of the data presented in 
Tables 12-15 are that haloforms were the principle stable chlorinated organic 
products isolated from the natural waters studied, when the XAD-2 resin 
technique was used for sampling. It is conceivable that components of high 
molecular weight or of a high degree of hydrophilicity were not trapped by 
the XAD-2 resins. In addition, it is possible that toxic components may have 
been destroyed by the technique of sulfite addition prior to sampling. How­
ever, since a primary purpose of this analytical study was to isolate haloge­
nated organic material which way be persistent in the environment and which 
may be absorbed into biological tissues, the sampling and analytical techniques 
employed were tailored to fit this purpose. We believe the data have shown 
that in general the procedures used were adequate to account for the volatile 
and lipophilic products of water chlorination. 

The results of the XAD-2 sampling and fractionation studies have shown that 
lipophilic, nonhaloform organohalogen products are formed by the low level 
chlorination of natural waters, and that the total quantity of chlorine incor­
porated in this material is in the range of a few micrograms per liter of 
water chlorinated, when the chlorine dose is between 2-4 mg/liter. 

5.4 Examination of XAD-2 Lipophilic Fractions for Individual Components 
Using GC/MS 

The recovery of lipophilic halogenated organic material from chlorinated water 
in qu~ntities corresponding to only a few micrograms (parts-per-billion) of 
chlor1ne, suggests that the individual components in this fraction are present 
~t nanogram per liter (parts-per-trillion) levels. If all of the halogen found 
ln.these fractions is contained in only a few compounds, however, it is con­
celvable that the concentrations could be much higher. Thus, it has been 
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FIGURE 11. Total Ionization Chromatogram Obtained from Lipophilic Fraction of 
XAD-2 Extract of Chlorinated Tennessee River Water (two microliters 
injected from a total sample volume of about thirty microliters) 
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FIGURE 12. Electron Capture Chromatogram Corresponding to the Total Ionization Scan 
in Figure 11. Obtained by diverting part of the capillary column efficient 
through the EC detector 
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necessary to examine the fractions using capillary gas chromatography-mass 
spectrometry (GC/MS) in order to determine whether significant quantities of 
any one compound or compound class were present. 

The complexity of the GC/f·1S chromatograms can be seen by inspection of Fig. 11 
which shows a typical total ionization chromatogram. This chromatogram was 
obtained from the ether/hexane silica gel fraction from the XAD-2 ·ether extract 
corresponding to the chlorinated Tennessee River water sample. With ten samp­
ling stations and both chlorinated and nonchlorinated treatments it is apparent 
that the systematic investigation of all chromatographic peaks for all samples 
investigated would be inordinately time consuming. A number of ~trategies 
have been employed in order to attempt to reduce the time necessary to deter­
mine if significant quantities of halogenated components were present in the 
sample. 

The capillary column effluent was split so that part was diverted through an 
electron capture detector. The rest of the effluent was sent to the mass 
spectrometer source. The electron capture chromatogram corresponding to the 
total ionization chormatogram in Figure 11 is given in Figure 12. The 
resolution of this chromatogram is poor. because of sample diffusion after the 
splitter, and because of the large detector cell volume. Retention times were 
not very reproducible. However, the electron capture detector did provide 
useful information as to which areas of the chromatogram were likely to contain 
halogenated compounds. 

Peaks not containing spectra having clearly identifiable isotope ratios due to 
chlorine or bromine were rejected from further consideration. No attempt was 
made to include any peak not containing these characteristic isotope ratios. 
Furthermore, chlorine or bromine-containing peaks present in both chlorinated 
sample and control sample were rejected from further investigation . . Most 
samples contained dichlorobenzene, a ubiquitous water contaminant. In addition, 
there were suspected pesticide residuals and polychlorinated biphenyls in both 
chlorinated and unchlorinated samples at many stations. For example, the large 
peak in the electron capture chromatogram at retention time of 42 minutes 
(Figure 12) was found to be a multichlorinated compound, barely detectable by 
the mass spectrometer, which appeared in both chlorinated and control samples. 

Since the objective was to screen the samples for significant concentrations 
of single halogenated components, the mass spectroscopy was performed using 
methane chemical ionization. This technique is superior in sensitivity to the 
more conventional electron impact mode, and is a far less energetic means of 
generating ions in the spectrometer. During our preliminary studies (Bean, et 
al. 1980) we found that a principle mechanism of ionization of some chlorinated 
components is the loss of chlorine from the molecule, thus making it impossible 
to identify it as a compound of interest. The chemical ionization technique has 
the disadvantage of providing much less spectral detail than electron impact, 
making interpretation of spectra and compound identification more difficult than 
electron impact ionization. However, if any significant concentration of a 
halogenated component appeared in the chemical ionization scan, there was the 
option to rerun the sample using electron impact ionization. 
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The results of our mass spectrometric investigations were that no major com­
ponents containing halogen were found in any of the XAD-2 hexane-ether extracts. 
None of the major peaks in the total ionization scans from any of the samples 
examined were found to contain isotope ratios corresponding to chlorine or 
bromine. Since the peak patterns in samples from all stations were very simi­
lar, it is likely that this material represents residual material from the 
sampling apparatus. The amount of material appearing as a contaminant is 
small, considering that the final sample volume prior to injection into the 
GC/MS corresponded to about 100 microliters, reduced from a starting water 
volume of abgut 200 liters. This represents a sample concentration factor of 
about 2 x 10 . Limits of detection in the GC/MS were well above ten parts­
per-million. Thus we can say with some confidence that lipophilic halogenated 
components in concentrations of well under one part-per-billion in the water 
would have been detected, provided they were absorbed on the XAD-2 resin with 
any efficiency, and provided their molecular weight and volatility was suf­
ficient to allow them to pass through the chromatographic column. 

Very few components which were not found in controls could even be tentatively 
identified because of their low concentrations, and because of the lack of 
spectral detail available from the chemical ionization mode of mass spectra 
generation. The XA0-2 samples found to contain the largest number of compounds 
associated with water chlorination were those from the Tennessee River. The 
spectra and GC/MS scans for these compounds are presented in Appendix C. 

5.5 Examination of XAD-2 Carbonate Extracts for Phenols 

Phenols could be identified with a fairly high degree of confidence because 
of the derivatization technique employed. Formation of the acetates pro­
vided both the means of eliminating interfering material and the means of 
unambiguous identification of the compounds as phenols. Phenol acetates give 
a very characteristic fragmentation pattern in which there is a loss of ketene 
(CH2 = C = 0) from the molecule, producing a strong signal at a mass of 42 amu 
less than the molecular ion. Hence the principal electron impact ions for, 
say, chlorophenol acetate (molecular weight = 170.5) are the two isotope peaks 
at 170 and 172 (M) for the mol~cular ion plus two peaks corresponding to the 
elimination of ketene at 128 and 130 (M-42). 

In the chemical ionization mode employed for these studies, the molecular ion 
for chlorophenol acetate is one greater than the mass because of proton addi­
tion. Thus we would have 171, 173 (M+l) for the molecular ion. The ions 
indicative of loss of ketene has been observed to occur at both M-42 and M+l-42 
(M-41). This is illustrated in Figure 13 which gives the background subtracted 
spectra obtained for a phenol from the Connecticut River, tentatively identified 
as a chlorophenol . Note the principal ions at 171, 173 (M+l) and the two 
prominent fragmentation ions at 129, 131 (M-41) corresponding to a loss of 42 
from the principal ion. However one can also observe a signal at M-42 (128, 
130). T~e relative signal strengths from these two types of fragments arising 
from ketene loss varied from compound to compound, and also from run to run for 
the same compound. This indicates that a number of variables were operating 
together to produce the fragmentation. For the most part, both fragment masses 
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FIGURE 13. Background Subtracted Spectra of Component Found at RT = 19.6 Using 
Chromatograms Shown in Figure 14, Showing Principle Fragmentation 
Ions of Monochlorophenol. 

(M-41 and M-42) were present; however the presence of either one was taken by 
us as sufficient criteria for the identification of phenol in the environmental 
sample. 

Table 16 summarizes the phenols found in the carbonate extracts of the XAD-2 
columns. Phenols were identified in samples from seven of the ten locations 
investigated. Only one station (Cape Fear) contained sufficient quantities of 
phenols such that they appeared as peaks in the total ionization scan. The 
phenols identified from samples taken from most stations were found by specif­
ically looking for them using single ion reconstruction techniques. Thus, 
other phenols could be present in the samples in addition to those reported. 
Figure 14 shows the single ion reconstructs used to find the chlorophenol from 
the Connecticut River discussed above. As these chromatograms show, the M+l, 
M+3, and M-41 peaks (171, 173, 129) are prominently displayed even though no 
evidence of this compound is found in the lower trace of the total ionization 
chromatogram. 
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TABLE 16. Phenols Identified() Chlorinated Water Samples.(a) {Retention times for phenols relative 
to trichlorophenol) b 

#1 #3 #5 #6 #7 #8 #9 
Columbia Ohio Missouri Tennessee Cape Lake Connecticut 

Phenolic Com~ound River River River River Fear Norman River 
Chlorophenol 0.637 0.680 0.693(?) 
Methyl chlorophenol 0.802 0.807 0.830 
Dimethyl chlorophenol 1. 036 1. 021 
Dichlorophenol 0.854 0.815(?) 0.821 0. 821 0.844(?) 0.855 

0.885 0.850 . 0.860 
Bromophenol 1.086(?) 
Methyldichlorophenol 1.055(?) 0.986 1. 081 0. 989 (?) 

1 .081 1.064. 

Dimenthyldichlorophenol 1.131 

,.J::oo 
Trichlorophenol l ·~ooo 1. 000( ?) 1.000 1.000 1.000 1.000 1.000 

1.0 Bromochlorophenol 0.946 0.955 0.961 
Bromodichlorophenol 1. 130(?) 1. 135{?) 1.144 

1 • 139 . 1.149 . 1.135 
Dimethyldibromophenol 1.423 

Dibromochlorophenol 1.265 1.265 
1. 269 1.274 

Tri bromopheno 1 1.395 

(a) A question mark indicates that spectral quality left doubt as to identity 
(b) Two retention times indicates two isomers found 
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FIGURE 14. Ion Chromatograms from Chlorinated Connecticut River Phenol Sample. 
Note coincidence of peaks relating to principal ions at Retention 
Time=l9.6 min which is used as an aid to determining the phenol in 
the presence of sample. Note absence of peak in total ionization 
chromatogram at arrow. 

The following criteria were used in the assignment of identity for a phenol: 

1. Presence of M+l, M+3 and M-41/M-42 in the single ion scan 
2. Halogen isotope ratios reasonably consistent with those predicted from 

the structural assignment 
3. A retention time consistent with the same structural assignment in another 

sample. 

If 1 and 3 were true, but the quality of the spectra were poor the identifica­
tion was considered questionable and a question mark used to indicate this in 
Table 16. Absence of two of the criteria eliminated a candidate from further 
consideration. Table 16 shows the retention times relative to trichlorophenol 
(found in all seven samples containing phenols). Presence of two retention 
times indicates presence of two isomers of the same structural type. 
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No halogenated phenols could be identified in samples from Sequim Bay (Sta­
tion #2), Lake Michigan (Station #4), San Onofre (Station #10), or any of the 
controls. It is difficult to estimate the concentrations of phenols in the 
original water samples for two reasons. First, the efficiency of the XAD-2 
resins for adsorption of phenols is not as well documented as is that for lipo­
philic material, and the efficiency of absorption is pH dependent (Junk, et al. 
1974). It would have been preferable to sample phenols at a pH of 2 in order 
to ensure good phenol recovery, but practical considerations dictated a pH of 
about 4.5 in order to minimize acid consumption. The second reason for a lack 
of good quantitative information is that for the most part no peaks appeared in 
the total ion scan. This suggests that concentrat1ons of phenols in the sam­
ples analyzed were at the ~g/t (part-per-million) level. Comparison of the 
response of trichlorophenol standards in the electron capture detector with the 
trichlorophenol responses in the samples also indicated that phenol levels were 
well below ~g/t concentrations. Thus phenol concentrations were well below the 
~g/L (part-per-billion) level in the chlorinated water samples. 

Total ion chromatograms and spectra obtained for phenols found in chlorinated 
Missouri River water and Cape Fear water are included in Appendix D. The spec­
tra presented in the examples are typical of the range of results obtained at 
all stations. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

• These studies have shown that adding chlorine to natural waters in con­
centrations of a few milligrams per liter results in an increase in the 
quantity of lipophilic chlorinated organic material (material which can be 
extracted using XAD-2 resins). 

& Haloforms are the predominant stable lipophilic products resulting from 
the low level chlorination of natural waters. Chloroform is the principal 
haloform product from fresh water chlorination, bromoform from salt-water 
chlorination. Concentrations of haloforms found in these studies ranged 
from 2 to 55 ~g/t. These concentrations are comparable to, and are in 
some instances substantially lower than, those found in U.S. domestic 
drinking waters. Haloforms account for most of the organically bound 
chlorine found in XAD-2 extracts of the water. 

• Concentrations of non-haloform stable lipophilic halogenated compounds 
produced by low level chlorination appear to be very low, on the order of 
nanograms per liter. 

• Trace amounts of bromide ion in fresh water bodies have a profound influ­
ence on the distribution of haloform types produced by chlorination. 
Bromide concentrations in excess of ten micrograms per liter produced 
significant quantities of mono- and dibrominated haloforms. 

• Halogenated phenols resulting from the chlorination process have been 
found in seven of the ten locations. They were not found in chlorinated 
sea water, but were found at the Cape Fear estuary, which contained fifty 
per cent seawater. 

a While our experimental low-level chlorination of natural waters has indi­
cated that very low yields of stable halogenated products are produced, 
these results should be verified by conducting a similar analytical pro­
gram at nuclear power plants which use chlorine as a principal means of 
biofouling control. Studies should be undertaken at several nuclear power 
stations differing substantially in cooling system design. 

• Although the concentrations of organically bound halogen produced from 
power plant biofouling treatment are apparently quite low, the very large 
amounts of chlorine used for this purpose present the possibility of grad­
ual environmental accumulation of persistent chlorinated products. To 
investigate this possibility, sampling of sediment and tissue from sessile 
organisms should be conducted from inside and outside the discharge plumes 
of power plants using chlorine, in order to determine if there has been a 
significant accumulation of organic chlorine due to plant operation. 
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APPENDIX A 

SAMPLE INVENTORY FROM TEN U.S. LOCATIONS 



TABLE A-1. Sample Inventory 

Station #l 
Columbia River 

Hanford, Washin~ton 

Sampling Dates (1979) 5/16- 5/16- 5/16- 5/16- 5/16- 5/18 
5/18 5/18 5/18 5/18 5/18 

pH 8.7 8.7 8.7 8.7 8.7 8.7 
Water Temp ("C) 8.0 8.0 8.0 8.0 8.0 8.0 
Chlorine Added No No Yes Yes No Yes 
Calculated Chlorine 0.00 0.00 2.7-3.0 2.7-3.0 0.00 2.7 
Concentration Range (ppm) 

Measured TRC after <0 .001 <0.001 0.6-2.3 0.6-2.3 <0.001 0.6 
l Hour Contact (ppm) 

,. XAD Samples 
' 

XAD Column Numbers 129/130 131/132 133/134 135/136 137 138 
Resin Type XAD-2 XAD-2 XAD-2 XAD-2 XAD-8 XAD-8 
Resin Volume (mls) 82/83 82/82 82/82 82/83 18 l7. 5 
Water Volume 70 263 322 303 23 39 
Extracted (liters) 

Other Samples 

Headspace Samples 
for CHCL3 (Chl and 

Quadruplicate 

control) 

Purge and Trap Samples 
for Volatiles 

Quadruplicate 

(Chl and control) 

Bulk Water Samples 5 Liters 



)> 
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TABLE A-1. Samp 1 e Inventory (contd) 

Station #4 
Station #2 Station #3 on high-energy 

next to Battelle a West Virginia surf zone, 
Marine Labs. Water Research sand <1nd 
water uptake Station gravel beach 

Sequim Bay Ohio River Lake Michigan 
Seguim, Washington Belville, West Virginia ~orth~ort 1 Michigan 

Sampling Oates (197,1) 8/07- 8/07- 8/07 8/0 8/15- 8/15- 8/15- 8119- 8/19- 8/19-
8/09 8/09 8/17 8/17 8/17 8/21 8/21 8/21 

pK 8.2 8.2 8.2 88 8.8 8.8 
Water Temp. (°C) 13.2 13.2 13.2 13,2 25.5 25.5 25.5 20.8 20.8 20.8 

Chlorine Added Ye. No Ye. No No "' Ye. No Ye. Ye. 
Calculated Chlorine 1.8 0.0 1.8 0.0 0.0 5.3- 5.3- 0.0 3.8- 3.8-
Concentration Range (ppm) 4.0 4.0 3.0 3.0 

Measured TRCa After odb od od od od od od od od od 
1 hr Residence Time 

XAD Samples 

XAD Column Numbers 28/29 30 31 32 33/34 35/36 37/38 39/40 42/43 44/45 

Resin Type XA0-2 XAD-2 XAD-2 XA0-2 XA0-2 XAD-2 XAD-2 XAD-2 XAD-2 XAD-2 

Resin Volume (mls) 88/82 82 18 18 82/82 81/82 83/82 82/82 82/82 82/82 

Avg Flow Rate Over XAD 133 115 110 80 111 98 96 98 106 104 
{mls/min) 

~ater Volume Extracted 304.3 198.8 20.0 20.0 252.2 220.5c 215.7c 232. l 251 .4 246.4 
(Liters) 

Other Samples 

Head space Samples for Duplicate Duplicate Duplicate 
Chloroform (Chlorinated 
and Non-Chlorinated) 

Purge and Trap Samples None Taken Duplicate Duplicate 
for Volatiles (Chlorinated 
and Non-Chlorinated} 

Bulk Water Samples None Taken None Taken None Taken 

aTRC - {Total Residual Chlorine) A measure of free Chlorine after uptake by organics. Excess 
was scavanged by Na 7S03 prior to sample exposure to XAO resin. TRC measurements taken with 
a \.lallace and Tiernan llmperometric Titrator. 

bnd - not determined 

cChlorine tube slipped out of reservoir, water volume extracted is in doubt. 
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Sampling Oates ("\978} 

pH 

Water Temp. {°C} 

Chlorine Added 

Calculated Chlorine 
Concentration Range (ppm) 

Measured TRC{a) After 
1 nr Residence Time 

XAD Samples 

XAD Column Numbers 

Resin Type 

Resin Volume (mls} 

Avg Flow R~te Over XAD 
{mls/min) 

'<ater Volume Extracted 
{Liters) 

Other Samples 

Headspace Samples for 
Chloroform (Chlorinated 
and Non-Chlorinated) 

Purge and Trap Samples 
for Volatiles (Chlorinated 
and Non-Chlorinated) 

Bulk Water Samples 

TABLE A-lo Sample Inventory (contd) 

Station #5 
next to st. Lewis 

Water Supply 
uptake #3, Missouri River 

St. Charles Missouri 

9/06- 9/06- 9/06-
9/08 9/08 9/08 

8.5 8.5 8.5 

26.4 26.4 26.4 

No 

0.0 

0.0 

Yes Yes 

4.8- 4.8-
3. 6 3. 6 

1.1- 1.1-
1.0 1.0 

50/51 52/53 54/55 

XAD-2 XAD-2 XAD-2 

78/83 82/82 82/82 

57.2 121.5 84.2 

173.0 244.3 169.3 

Triplicate 

Duplicate 

5 Liters 

Station #6 
next to Kentucky 

State Dam Locks, Tennessee River 
Pudacah, Kentucky 

9/09- 9/09- 9/09- 9/10-
9!11 9/11 9/ll 9/11 

8.5 8.5 8.5 8.5 

26.8 26.8 26.8 26.8 

No 

0.0 

0.0 

Yes Yes Yes 

4.7- 4.7- 4.4 
4.3 4.3 

1 .8- 1.8 1. 7 
1.6 1.6 

58/57 56/59 60/61 62 

XAD-2 XAD-2 XAD-2 XAD-2 

132/82 82/82 82/82 82 

Ill 116 82 98.9 

219.7 228.9 181.6 88.7 

Triplicate 

Duplicate 

5 Liters 

Station 117 
off Cape Fear 

Technical Institute 
Oceanography barge 

Cape Fear River/Estuary 
Wilmington, North Carolina 

10/12- 10/12- 10/12-
10/14 10/14 10/14 

7.4 

21.2 

No 

o.o 

o.o 

7.4 

21.2 

Ye< 

5. 7-
4.8 

0.1 

7.4 

21.2 

Ye< 

5. 7-
4.8 

o. 1 

68/69 70/71 72!73 

XA0-2 

82/82 

93.3 

XAD-2 

80/80 

87.3 

XA0-2 

82/83 

84.0 

195.9 183.3 176.4 

Triplicate 

Duplicate 

5 Liters 

(a) TRC -
prior 

(Total Residual Chlorine) A measure of free Chlorine after uptake byorganics. Excess was scavanged by Naso
3 to sample exposure to XAD resin. TRC measurements taken with a Wallace and Tiernan Amperometric Tritrator. 
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TABLE A-1. Sample Inventory (contd) 

Station #8 Station #9 
near McGuire Nuclear next to Middletown 

Power Plant Sewage Treatment 
water coolant discharge Plant Effluent 

Lake Nonnan Connecticut River 
Charlotte, North Carolina Middletown, Connecticut 

--·-

Sampling D<1tes (1978) 10/15- 10/15- 10!15- 10!19- 10/19- 10/19-
10/16 10/16 10/16 l0/20 10/20 10/20 

pH 7.0 7.0 7.0 7.2 7.2 7.2 

Water Temp. ( 0 C} 20.2 20.2 20,2 13.6 13.6 13.6 

Chlorine Added No '" '" Ho '" '" 
Calculated Chlorine 0.0 4.1 4.1 0.0 4.3- 4. 3-
Concentration Range (ppm) 5.0 5.0 
Measured TRCa After 0.0 2.3- 2.3- 0.0 1. 1- 1.1-
1 hr Residence Time 1.8 1.8 0.8 0.8 

XAD Samples 
XAD Column Numbers 74/75 76/77 78/79 80/81 82/83 83/84 

Resin Type XA0-2 XA0-2 XA0-2 XA0-2 XA0-2 XAD-8 

Resin Volume (mls) 82/83 85/82 82/81 83/82 82/82 82/82 

Av~ Flow Rate Over XAD 103.5 112.4 114.9 90.3 97.3 110.3 
mls/min) 

Water Volume Extracted 189.4 205.6 210.2 162.5 175.1 304.4 
(Liters) 

Other Sample5 
Headspace Samples for Triplicate Triplicate 
Chloroform (Chlorinated 
and Non-Chlorinated) 
Purge and Trap Samples Duplicate Duplicate 
for Volatiles (Chlor1nated 
and Non-Chlorinated) 

Bulk Water Samples 4 Liters 4 Liters 

(a) TRC - (Total Residual Chlorine) A measure of free Chlorine after uptake by organics. 
Excess was scavanged by NaSOI prior to sample exposure to XAD resin. TRC measurements 
taken with a Wallace and Tie nan Amperometric Titrator, 
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Sampling Date (1979) 
pH 
Water Temp ("C) 
Ch 1 or 1 ne Added 
Calculated Chlorine 

Cone. Range (ppm) 
Measured TRC after 

1 hr. contact (ppm) 

XAD Samples 
XAD Column Numbers 
Res in Type 
Resin Volume (mls) 
Water Volume 
Extracted {liters) 

es 
for CHCl3 (Cl and 
control) 

Purge & Trap 
Samples for 
Volatiles (Cl and 
Contra l) 

Bulk Water Samples 

TABLE A-1. Sample Inventory (contd) 

Station #10 
San Onofre, on 

the seaward side 
of jetty at Harbor 

Villa Boatel, 
Oceanside, California 

2/26-2/28 
8.3 
13.6 
Yes 
2. 9-3.2 

1.3-1.6 

101/102 
XAD-2 
83/82 
288.5 

103/104 
XA0-2 
82!82 
250.5 

Quadruplicate (4) 

4 

8 llters 

2/26-2/28 
8.3 
13.6 
No 
0.00 

<0.01 

97/98 
XA0-2 
82/82 
263.2 

99/100 
XA0-2 
83/82 
251.1 

2/28 
8.3 
13.6 
Yes 
3.2 

1.3 

106/107 108/109 
XA0-2 XA0-2 
11.5/8.0 8.0/8.0 
5.055 5.00 

2/28 
8.3 
13.6 
No 
0.0 

<0.01 

110/111 
XA0-2 
7.0/7.0 
5.00 
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APPENDIX B 

PRELIMINARY DATA ON COLUMBIA RIVER 
AND SEQUI11 BAY XAD-2 EXTRACTS 

During development of the sampling procedures employed in this study, data was 
generated on preliminary samples obtained from chlorinated and unchlorinated 
Columbia River and Sequim Bay waters. The data consists of chlorine recovery 
data from the separation procedures (Table B-1), total organic halogen vs. 
haloform halogen (Table B-2) and total halogen analysis of separated fractions 
(Table B-3). The low recovery of chlorine observed from the silica gel pro­
cedure used prompted us to change the procedure. Thus, the data appearing in 
Table B-3 is not consistent with similar data from these water bodies reported 
in the main portion of this report. 
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TABLE 6-1. Recoveries of Organic Chlorine from GPC and Silica Gel Separations (values are 
percentages of total organic halogen determined prior to separation: GPC and 
si1 ica gel experiments each assume 100% prior to separation experiment) 

GPC Qllu. Gel 

Percf'nt Recowrrtes Percent ltecoweries 

S.mple Description >15,000 MW lS,ooo-800 MW <800 MW Tot<ll Nonpolar Polar hddlush Tot.J.I 

Fresh Water 

Cl #16 Columbia River Water/ 0.0 0.0 %.5 %.5 29.6 7.2 15.6 52.4 
Fresh Water Apparatus 
0.69 TRC; 390 £ 

c1 •a Columbia Ri~er Water 
and 9 Fresh Water Apparatus 

Tandem Columns, 
0.99 TRC; 390 i. 

Cl •s Top Column 1 2 2.5 70.9 74.6 3.1 3.8 55.0 61.9 

Cl ff9 Bottom Column •• 2.8 67.2 94.4 8.2 7.1 22.0 37.3 

Sea Water 

"' Cl 1110 Sequim Bay Sea Water 0.1 0.5 66.7 89.3 27.4 13.2 17.4 58.0 
' N 1.7 TRC; 269 £ 

Cl •11 Sequim Bay Sea Water 9.9 2.5 61.3 73.7 21.7 14.1 9.4 45.2 

No Chlorine, 311 ~ 

Cl 1112 Sequim Bay Sea Water 0.0 0.0 79.1 79.1 10.6 7.5 8.3 16.4 
2.3 TRC; 335 ~ 

CI•U Sequim Bay Sea Water 0.0 0.0 74.8 74.8 1~.6 0.0 0.0 15.6 

No Chlorine; 361 ~ 



TABLE B-2. Comparison of Haloform Content in XAD-2 Extracts with Total Organic Halogen 

j.Jmo~ X IJ moJe X ).J mole X j.Jmole X Toi.I/IJ mole X Tot;~/IJ mole X In Chlorin.1!ed Soimplet, 
.S..mple OHCriplion ,u CHCI, ;u CHCI,Br .u CHCIBr, .15 CHBr1 u H.iiloform Microcoulomeler % To!;d X iS H;~loform 
-- -· 

Cl a1 Fresh Water 18.58 2.12 - - 20.70 28.96 1 0.26 71 

Lab Apparatus 
405.5 V2 ppm TRC(a) 

(/12 Cl •1 Control 0.55 - - - 0.55 0.0 
403.9 l 

Cl I] Co/umbra Rr~er 15.52 1.44 - - 16.96 33.41 t 1.30 51 
150£17 ppm TRC 

c1 •s Columbia River 0.74 - - - 0.74 0.78 .t 0.10 
Control, ]70.71!. 

Cl •7 Co/umbra River 0.72 - - - 0.72 '.l .. h .t 0.64 
No Additive~; 489.71!. 

c1 •a FW lab· Upper Column 31.32 2.12 - - 33.« 56.39 ~ 2.59 " 387.6 .Vo.99 ppm Cl 

Cl •9 fW lab- lower Column 27.00 1.73 - - 28.73 41.95 :!_ 0.63 68 

~ Cl •10 Sea Water 0.64 - 1.85 86.85 89.34 104.7 t 6.43 85 
' w Lab Apparatu1 

2&8.7 £11.7 ppm Cl 

Cl •11 Control for Cf •10, 310.5.1!. 1.51 - - 13.67 14.38 22.79 i 0.88 

Cl •12 Sea \Vater 0.48 - 1.50 59.53 61.51 73.83 :t 5.19 " Lab Apparatus 
ns 4 .vn ppm 

Cl •13 Control for Cl •12 - - - 0.43 O.d 3.08 i 1.44 
362.2 .t 

Cl •17 XAD-2 Extract lBian~) - - - - - 2.80 i 0.81 

Cl •18 FW Lab Apparatus 39.12 6.56 - - 45.68 50.20! 2.97 91 
389.6£10.69 

Ia) TRC = tot4l residual (hlorine 
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TABLE B-3. Organic Halogen Analysis of Fractions Obtained from Freshwater and Seawater Samples 
(fractions obtained accordin9 to separation scheme on 
expressed as nonomoles/~) 

....... DeKriptlon Do~te 

Fresh Water Samples 

Cl • 18 fresh Water Apparatu~ 
0.69 TRC;(a) 390 £. 

6/15 

cl•a Fresh Water Apparalu$ 5/10 
and 9 0.99TRC; 388 .t 

Cl t6 Top Column 

Cl 119 Bottom Column 

Cl ·~ Fresh Water Apparatu~ 4/18 
No Chlorine; 311 £. 

Cl 17 Columbia River Water 4/24 
No Additions; 490 f. 

Sea Water Samples 

Cl ~t10 Sea Water Apparatus 5/15 
1.7 TRC; 269 £ 

Cl ~t11 Sea Water Apparatus 5/15 
No Chlorine; 311 £ 

Cl ~tU Sea Water Apparatus 5/17 
2.3 TRC; 335 £ 

Cl ~t13 Sea Water Apparatus 5/17 
No Chlorine; 362 £ 

System Blank 

Cl ff17 (Based on 350£ sample) &/1 

(a)TRC" parts per million total residual chlorine 
(b) nd = not detected 

..... 
h.tract 

126.8 

145.5 

106.1 

2.5 

2.& 

369.4 

733 

220.4 

8.5 

7.99 

G.P.C. FrdOM 

'"" 800-15,000 

13.99 nd{b) 

9.40 0.32 

7.43 0.24 

0.77 od 

0.69 0.07 

107.o1 0.67 

5.0'l 0.21 

6.12 od 

0.57 od 

0.21 od 

Figure l; halo9en values are 

Silka Gd fr;~~cttons 

>15,000 Nonpolar Pol•r B.icldlulh Phenols "'"'' 
od 4.66 1.13 2.47 0.53 3.59 

0.16 0.33 0.40 5.74 0.97 5.7 

0.37 od 0.14 1.30 0.20 3.86 

od 0.06 0.20 0.15 0.61 od 

od 0.06 0.05 0.16 0.62 0.11 

0.10 18.61 8.99 11.85 od 006 

0.82 0.95 0.61 0.41 od 0.59 

od 0.75 0.53 0.59 0.20 096 

od 0.08 od od od 0.33 

od od od od od 1.42 

Mellu.nol 
Exb'act 

39.3 

39.5 

29.7 

3.5 

51.0 

209.7 

80.2 

82.4 

66.3 

od 
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APPENDIX C 

GC/MS SPECTRA FROM ETHER EXTRACTS 

Spectra from the XAD-2 ether extract of chlorinated Tennessee River water are 
presented as an illustration of the largely negative results obtained from 
examination of the XAD-2 samples by GC/MS. Figure C-la shows the large number 
of peaks present in the capillary chromatogram. Figure C-lb shows the loca­
tion in the chromatogram of spectra containing fragments showing isotope 
ratios characteristic of chlorine. The spectra corresponding to these reten­
tion times are presented in Figures C-2 through C-8. Although no identifica­
tion was possible from the spectra obtained, some of the masses obtained were 
characteristic of chlorinated hydrocarbons. The Tennessee River sample con­
tained the most, and the highest quantity of material containing chlorine of 
all samples investigated. 
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FIGURE C-la. Total Ionization Chromatogram of the Hexane/Ether 
Fraction of the XAD-2 Ether Extract from Chlorinated 
Tennessee River Water. Peak heights enhanced four­
fold. 
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FIGURE C-lb. Same as C-la, Showing Peaks Corresponding to Figs. C-2 
Through C-8 
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FIGURE C-2. Unknown, possibly Chlorinated, M = 134, RT = 16.8 
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FIGURE C-3. Unknown, M = 138, RT = 25.7 (MW corresponds to 
Chlorostyrene) 
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FIGURE C-4. Unknown. M = 138, RT = 26.7 (MW 
corresponds to chlorostyrene) 
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FIGURE C-5. Unknown. M = 188, RT = 27.9 
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FIGURE C-6. Unknown. M = 154, RT = 28.0 (MW 
corresponds to trimethy1ch1orobenzene) 
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FIGURE C-7. Unknown M = 162, M = 178, M = 218. RT = 30.5 
(M = 162 corresponds to ch1oronaphtha1ene) 

C-5 



" 
•• 
'' •• 
•• 
·~~----~~~~~~~~--~~~~~~~-­
" 
•• 

FIGURE C-8. Unknown. RT = 41.8. M = ?. Background--subtracted 
spectra reveals many fragments which may result from 
polychlorinated pesticide. Also present in control 
(unchlorinated) sample. 
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APPENDIX D 

GC/MS SPECTRA FROM PHENOL EXTRACTS 

Figures D-1 through D-9 represent data from the Missouri River. Since the phe­
nols were not directly observable in the total ionization chromatograms, they 
were located by employin9 the single ion reconstructs corresponding to the 
molecular ions (M+l, M+3) and the de-acetylated fragment characteristic of 
acetylated phenols (M-42 or M-41). These reconstructs, together with the total 
ionization scans appear in the top portion of Figures D-1 through D-9. The 
lower part of the figures contain the spectra corresponding to the single ion 
peaks. 

Figures D-10 through D-19 show the data from Cape Fear. This phenol extract 
was the only sample found to contain sufficient quantities of phenols such that 
they appeared in the total ionization chromatograms. Figure D-10 shows the 
chromatogram obtained and identifies the retention times corresponding to the 
spectra given in Figures D-11 through D-19. The halogen isotope ratios in the 
spectra identified the number and type of halogens present. The characteristic 
ions M+l, H+2 and M-41 or M-42 are given with each spectra. 
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FIGURE D-5. Missouri 
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0-10 



\. 

188 ..\ 

.. ~ 
68 \ 

48 

169.1, 94.7 
328.8, U8.e 

287 ••• 94.7 
338.7, 67.9 

192.6, 73.7 
332.5, 21.1 

ze 

o' 111M I I ''"'"l!"'""''''"'"!'"t!""""'"""!"!!!""'"''"""!'!lF""'I"'"~"""'"'""'!'!1il""""~'Jtt""""'"'~ 
341l 

88, 

80 

,;o . 

.... 

00 \ 

88 ~· 
" \ 
48 

a e. 

60, 

48, 

338,9, 68.6 
332.8, 13.8 

287.1, 46.6 
332.7, 27.6 

288.8, 
348.9, 

FIGURE 0-9. Missouri River, RT = 28.0, 28.2, M = 326 (chlorodibromophenol) 
(contd) 

0-11 



.. ' 
7•71•CHL·,H[H CA,[ rEAR CHL 1'23~79 2.1MCL 
TH4 A;»' ["1110 "111·361 S'2111 

1ST SC,p; 1 3" 
)(• .2$ Y• I .11 

D-l] /Fig. D-18 

Tl 

Fig. 

Fig. 

Fig. 

Fig. 10 

LAR;ST 41 239.2 1 111.1 241.1, 91.1 243.2, 31.2 271.7 1 

~=~~ :·,,9. :~=·~t72 .7 342.3, 1.1 343.7, 1.8 346.8, 

" 
II 

" 
48 

28 

8._,.. ..................... ......., .............. .,...,..""" ....... """''""'""""""''"""'"""'1'2~"' .... , .... ~·~~" ""'"" t, 
•• 
•• 
48 

28 

,4/..t • J.1'J 

~i). ~"' 
f11-4/f•l'l? 

FIGURE D-11. Cape Fear R. CT, RT = 21.5, M = 238 (trichloropheno1) 

D-12 



LAit;ST 4o 
LAST 4o 

.. .. 
" 
41 

214.1,118.8 162.9, 89.7 
344.9, .1 347.1, ,4 

282.1, 62.1 216.7, 51.1 
347,7, .1 349,1, .2 

,A;£ I Y • 1.11 

FIGURE D-12. Cape Fear R. CT, RT = 24.4, M = 282 (dichlorobromopheno1) 

.. .. 
" 

' 41 

21 

214.1,118.1 
346.6. •• 

212.1, U.9 ' 
347 .I, •• 

216.9, 46.3 Ill. I; I.e 
341.6, ,1 349.9, .1 

,A;[ I Y • 1.88 

I·~~~~~~~~~~~~~~~~~~~~~~~~ 
II .. 
48 

I 
al 

l't+ t•¥tJ 
M1f'~~~-

11·'11. "'*' 

FIGURE D-13. Cape Fear R. CT, RT = 24.7, M = 282 (dich1orobromopheno1) 

D-13 



LAit;ST 4t 
LAST 41 

.. .. 
" 
48 

Zl 

.. 
" 
41 

LAit;$T 4t 
LAST 4t 

.. .. 
" 
41 

28 

8 .. .. 
" 
41 

Zl 

I 

Ul.7 1 111.8 
341.1' .2 

321.7,111.8 
341,1' .2 

/'f• I= J;:} 
~. J ': 1,, 
J>r-'{1·1-~) 

331.7, 67.7 
343,1, ,I 

331.7, 67.7 
343,1, .I 

326.7, 43.9 332 •• ; 9.2 
346,7 1 ,I 349.1, ,I 

PA;£ I Y • 1.11 

326.7, 43.9 332.1; 9,2 
346,7, ,I 349 ,I , ,I 

PA;£ 2 Y • 1.11 
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