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ABSTRACT

The products of low-level chlorination of natural waters from ten Jocations
across the continental United States have been studied, with emphasis on
volatile and Tipophilic organchalogen 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 coliected 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.






SUMMARY

Although much knowledge has recently been developed about the formation of
organohalogen compounds during chlorination of natural waters, Tittle infor-
mation has been presented which compares the organchalogen 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 organchalogen products arising from
chlorination of natural waters at 10 Tocations 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 (M0}, Tennessee River (KY), Cape Fear (NC), Lake Wor-
man ENC%, 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 XAD-Z
method. Chlorine was added in concentrations ranging from 2.7 to 5.7 mg/%.
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 Tocations 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 1ist of toxic chemicals. Dichloromethane
and di- and trichloroethylene were identified at several locations in ug/2
concentrations, but no evidence was found to 1ink 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 ug/%, but
that in every case is substantially less than that going to haloform.

A]thoqgh 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



found in most samples. Many samples indicate the presence of pesticides and
PCBs. Although the electron capturing activity of the chiorinated sampies
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
ug/% concentrations.
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1. INTRODUCTION

The potential problems of chlorine in aguatic environments have been recognized
for several years. Brungs {1973) pointed out the potential effects of chlorine
residual on aquatic 1ife. 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
biolegical 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 organochalogen 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
1isted in the front of this document. The chemistry studies described in this
document have the following objectives.

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

e 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,

e To documgnt the extent to which addition of chlorine to these water bodies
results in the formation of 1ipophilic organchalogen components having the
potential for bicaccumulation or biomagnification.

e 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 chiorination 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



and analytical scheme because of their relatively Tow potential for immediate
aquatic toxicity or bioaccumulation. The method selected for sampling and con-
centrating lipophilic halogenated organics jis the very well documented XAD resin
adsorption technique. The method has been exhaustively studied {(Junk et 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-Z 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 {Junk et al., 1974). However, we
chose to add phenols to our analytical scheme because they are a chemical class
which is Tikely 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 Tow 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.



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 NaySO3 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
Junk et al. (1974) and packed into 2.55 x 23 cm stainless steel columns. The
volume of XAD-2 resin used is 82 mi, with a cross-sectional area of 3.98 cmZ.
This permits pumping rates up to 160 m2/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
continucusly pumps water from the natural environment and treats it with from
2 to 5 parts-per-million chlorine as NaOC1 (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 Na2503 and brought to a pH of 4.5 with reagent grade H2504 by
an automatic pH controller. Total residual chlorine in the water was measured
with a Fisher Perter Model 1771010 amperometri¢ 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. Oimensions 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 Jeachable impurities.
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FIGURE 1. Schematic of Apparatus for Field Sampling of
Chlorinated Natural Waters

2.2 Sampling locaticns, Procedures, and Inventory

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 ysed 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 Jocation 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 sampies are not appropriate.





































































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 mL was used as a compromise between desired increased sensitivity,
loading ease, and concentrator column capacity (the 100-fold dilutions were

used for the seawater samples). Since F elutes approximately at the void
volume, passing the 3 m¢ sample size through the concentrator column results in
the nearly total elution of that anion. C1~ is only weakly bound to the resin,
and therefore is subject to partial loss due to this self-elution at higher

€1~ 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 $042- would result in_partial loss of Br . Since NO3~
elutes very shortly after Br , and the NO3 concentration in river waters can

be deter91ned by the direct injection method, the percent loss of Br  due to
high S04°~ Tevels approximates the percent loss of NO3~. The Br™ results deter-
mined by use of the concentrator column were therefore adJusted by this "nitrate
recovery factor."

While the use of a nitrate recovery factor as a linear correction factor on Br~
determinations is s1mp11st1c, it does provide_a reasonable Br~ estimate. In
Taboratory tests using standard solutions, Br~ and NO3~ peak heights both
decreased with increasing S0z2- concentrations and to a lesser extent with
increasing €17 concentratons, but the effects were not identical. However, for
the_levels of Br~ and NO3~ observed, the Tinear correlation between Br~ and

N0,  recovery was reasonable for most river samples. High S04~ concentrations
in the Missouri and Ohio Rivers did cause drastic loss of recovery of Br and
NO3  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 NO3 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 samp]g 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 gquanti-
fication of many important volatile toxic organic chemicals, including twenty-
three compounds 1isted by the Environmental Protection Agency as priority polu-
tants. At locations where chloroform was the major volatile constituent formed
from water chlorination, the headspace technigue was used as an addjtional
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 technigue.

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 unchiorinated 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/% was 12.0 and

13.5 nug/2 for duplicate samples; the corresponding unchlorinated control
contained only traces of CHC13. 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 compgnents 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/f 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 CS52 may be a containment
in the septa used to seal the bottTes; 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 C52 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,
]978; Bean et al, 1979; Helz, 1979). The concentrations of haloforms varied
widely among Tocations, however. Chloroform production at fresh water locations

29
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TABLE 9.

Concentrations of Volatile Organics in Natural Waters as Analyzed
by the "Purge and Trap" Method (concentrations are reported in
milograms per liter)

STATION ICHLORO| CARBON DICHLORQ ITRICHLOR(
{DATE) {C| ADDED mg/1) METHANE |DISULFIDE] CHCI, CHCIL,Br | CHCIBr, CHBr, |ETHYLENE | ETHYLENE JTOLUENE
1. COLUMBIA R, (WA) o 720 120135 v — — — * ++
{5/79) (2.7-3.0} N ' 1 . _ _ - — ) o
3. OHIO R {WV) Cl] 99 »>20.>20 7357 31431 0809 - . — T
(8/78) (4.0-5.3} N " 220 - _ _ - . ~ v
4. L MICHIGAN (M) cll17.14 »20520 | 2720 1816 08056 - _ — v
5. MISSOURI R, [MO) Cl| 15 >20 115 0.3 58 * — — w
{9/78){3.6-4 B} N 15 >0 tr - — — — — r
6. TENNESSEE R. (KY) Cll 1717 >20>20 212247 6074 1111 * _ — r
7. CAPE FEAR (NC) ol 13 12,10 w 1826 [157178 | s4st _ _ -
(10/78) (4 8-5.7) N 3 %20 t, _ _ . — 4
8. L. NORMAN [NC) cl| 34 2019 4.1.31 1714 ir * * » ++
{10-/78)(4.1) N 3 20 _ _ _ _ — — ++
9. CONNECTICUTR.(cTy  ©II" >0 187245 12334 v ) - - "
{10-78)(4.3-5.0) N 1 %20 - _ — _ . — ++
10. SAN ONOFRE (CA) e - - - r 130170 | — ) "
(2/79)(2.9-3.2) N ; _ _ _ ~ _ — . s+

not detected

mwoHo

trace (present in concentrations less than 0.5 ug/¢}
shown to be present in single ion reconstructed chromatogram
present at the several pg/ ¥ level
analyzed using XAD-2 method




varied from 2 ug/2 (L. Michigan} to 25 ug/% (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 Teast 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 reascnably accurate.

TABLE 10. Comparison of Chloroform Analyses by Purge-and-Trap Techni?ue

with Headspace Technique {concentrations reported at pg/2) a)
Chlorinated Nonclorinated
Station Headspace P+ T Headspace P+T7
1. Columbia R. 14.0 + 0.8 13.5+ 1.0 1.2 £ 0.1 trtd)
3. Ohio R. 7.2 6.5+ 0.8 1.5+ 0.3* ¢rlb)
4, L. Michigan 4.6 + 0,2* 2.4 £ 0.4 1.0 £ 0,1* tr
5. Missouri R. 10.4 £ 1.3 11.5 2.3 £ 0.3 tr
6. Tennessee R. 16.6 + 0.4 23.0 + 1.8 2.3t 0.2 tr
7. Cape Fear 4.1 tr 1.8 tr
8. L. Norman 7.7 £ 0.2 3.6 £ 0.5 1.7 £ 0.0 nd
9. Connecticut R. 25.9 = 2.3 21.6 £ 2.9 1.3+ 0.5 tr
10. San Onofre B. 0.4 £ 0.0 nd(€) tr nd
(a) Headspace samples were sampled in triplicate and the sample variation
reported as * Standard Deviation except for those values with an asterisk,
where duplicates were analyzed and the variation reported as a range. Purge
and trap samples were analyzed in duplicate where possible, and the variation
reported as a range.
(b) tr = trace (present in concentrations Tess than 0.5 ug/1)
(c) nd = not detected
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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 chioroform, 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 ug/2) as it did
chloroform {11.5 ug/2), with significant quantities of the dibromo species

(5.8 pug/e). Helz {1979) has shown a direct relationship between the seawater
content of estuarine water and the relative quantity of bromine incorporated
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 organcbromine compounds, since bromide
ion is easily oxidized to bromine by chlorine in aqueous solution. Both Minear
(1980) and OTliver (1980) have shown the relationship between the bromide jon
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
sampted. 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 ug/% bromide ion; and the contribution

of bromodichloromethane to the total haloform produced is substantial. The
Columbia River contained only about 4 ug/%2 bromide ion, and very little bromide
contribution to total haloforms is observed.

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

' Sampling _ _ _ _ . 3.
Station Qate C1 Br S04 NO3 F P04
----------------- PPiM= =~ = mmm =
1. Columbia R, 4-10-79 1 0.004 12 0.4 0.1 <0.03
2. 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
3. Ohio R. 8-17-78 28 0.07 218 5 0.3 <0.2
5. Missouri R. 9-8-78 17 0.08 176 i 0.4 0.2
6. Tennessee R. 9-10-78 6 0.03 140.3 0.1 <0.1
7. Cape Fear 10-14-78 8260 26 1030 <3 nd®@) <06
8. L. Norman 10-16-78 3 0.02 4 0.3 0.1 <0.03
9. Connecticut R. 10-20-78 13 0.03 13 2 0.1 0.4
0. 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 Tists
alt of the compounds actually found in the samples which were not found in
procedural blanks. Traces of di- and trichlioroethylene 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 cantaminant
in the sampling apparatus.

The concentrations of haloforms found in our studies should be placed in context
with other processes involving chiorination. 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/% chlorine was found to produce
chloroform concentrations between 100 and 200 ug/% 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 atl.,
1978}, although the average chloroform concentration in the drinking waters of
eighty U.S. cities was reported to be 21 ug/2 (Sonneborn and Bohn, 1978). MWaste
water chlorination levels can be higher than those used for drinking water, often
exceeding 10 mg/%2 and occasionally rising as high as 50 mg/% (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 levels 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 (T0X) 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-haleform 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
Tabie 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), amalysis of columns in series

was performed in order to investigate the efficiency of adsorption of halo-
genated material.

The data in Tab!e 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 guite 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 organo-
bromine was trapped by the XAD-Z 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 Tikely that haloforms constitute the principal tower moiecular
weight, Tipophilic 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 Tipophilic 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 Sampies: 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 recoveries, 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 Tess 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
hatoform 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 10% 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 1ittle 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 Tittle, 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 Tosses 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 Tosses.
Since the preparation of the <800 mole weight fraction requires evaporation of
a considerabie 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 pg/2 chlorine.
Regardless of the actual halogen present in the sample, all the numbers are in
terms of equivalent weight of chlorine. The ug/% equivalent chlorine found in
any one fraction can then be directly compared to the mg/R chlorine originaily
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 TabTe 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 tabie gives values derived only from the

35



9¢

TABLE 12. Comparison of Haloform Content in XAO-2 Extracts with Total Organic Halogen

% Halogen as

Sampie nMole X nMole X Haloform in
(Date)}{C! Added CHCl3  CHCY28r CHC1Br2  CHBr3 per liter per liter Chlorinated
umg/4 } (ug/2) (ug/2}  (pg/%) (ug/2) as Haloform Microcoulometer  Sample

1.Columbia R. (WA)
(5/79){2.7-3.0}

Control Top A ¢.03 nd nd nd 0.9 2.9z1.9

Chlorinated Top A 2.26 0.22 0.0% nd 60.8 80.3 + 3.9 76

Chlorinated Bottom A 2.56 a.21 0.01 nd 68.2 g84.2 + 7.1 Bl
2. Sequim B. (WA}

(8/78}{1.8)

Cantrol Top nd nd nd nd nd 12,7 + 4.3

Chiorinated Top 0.06 0.03 0.60 11.13 143.4 235.8 + 14.3 61

Chiorinated Bottom g.04 0.02 0.35 4,23 56.6 60.0 + 0.2 94
3. Onhio R. (WV)

(8/78)(4.0-5.3)

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 1.00 0.36 ¢.30 0.04 36.7 60.8 x 1.3 60
4. L. Michigan {MI)

{8/78)(3.0-3.8)

Control Top A

Chlarinated Top A 0.91 0.88 0.67 tr 48.6 53.9 + 5.7 93

Chlorinated Bottom A n.72 0.74 0.35 nd 36.6 43,1 + 1.5 85

Chlorinated Top B 0.93 0.%0 0.64 tr 49,0 68.6 + 1.4 84

Chlorinated Bottom B 0.82 0.69 0.34 0.01 38.3 59,5 + 4.7 64
5. Missouri R. (M0)

(3/78)(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 B4

Chlorinated Top B8 3.3 2.58 2.67 0.28 172.0 183.8 + 6.8 94

Chlorinated Bottom 8 2.48 2.52 1.91 0.25 148.9 190.5 + 8.6 78
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6.

Tennessee R. {KY)
(9/78)(4.3-4.7)
Control Top A
Chlorinated Top A
Chlorinated Bottom A
Chlorinated Top B
Chlorinated Bottom B

. C. Fear {NC}

{10/78)(4.8-5.7)
Controi Top A
Chlorinated Top A
Chlorinated Bottom A

L. Norman {NC)
{(10/78)(4.1)

Contral Top A
Chlorinated Top A
Chlorinated Bottom A
Chlorinated Top B
Chlorinated Bottom 8

Connecticut R. (CT)
{10/78)(4.3-5.0)
Control Top A
Chlorinated Top A
Chlorinated Bottom A
Chlorinated Top B
Chlorinated Bottom 8

{CA)
(2/79)(2.9-3.2)
Control Top A
Chlorinated Top A
Chlorinated Bottom A

.31
4,08
5.05
4.69

0.07

3.37
4.30
4.01

nd
nd
nd

nd

1.54
1.76
2.02
1.55

0.52

nd
0.02
0.02

nd

0.48
0.35
0.57
0.25

nd

0.34
0.1
0.31
0.12

nd

0.02
0.04
0.05
0.04

nd
nd
nd

nd

nd
36.33
19.21

nd
tr

0.17
0.04

nd
0.03

nd
nd

15.29
6.20

177.
175.
190.
195.

oW o

+
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454,
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116.
70,
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59.
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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 S$ilica Gel Fractions
{Date){C1 Added Ether 15,000-800 80/20 100% 100%
mg/1) Extract Total >15,000 MW My <800 MM Hex/Ether Ether Methanol
. Columbia R. (WA)
(5/79)(2.7-3.0)
Control Top A 5.3+ 1.9 2.8 + 0,1 nd nd 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 nd nd 10.5 + 1.4 5.4+ 0.5 2.1 +x0.0 1.7 +£0.0
Chlorinated Bottom A 86.3 £ 7.1 54,8 + 0.4 nd nd 6.7 = 0.6 1.6 + 0.1 0.6 £ 0.0 d
. Seauim B. (WA}
{8/78){1.8)
Control - Top A 12,7 £ 4.3 11.1 £ 1,2 nd nd 2.4 £ 0.2 0.5 £ 0.0 0.8 = 0.0 d
Chlarinated ~ Top A 235.8 £ 14,3 165.3 ¢ 6.2( ) nd nd 41.4 £ 2.3 10.5+0.5 0,4 +0,1 1.0=z0,2
Chlorinated - Bottom A 60.0 * 0.2 5,5+ 0.5'2 nd nd 1.0 + 0.1 0.2 *0.0 0.4+0.1 0,5=0.
. Dhio R. {WY)
(8/78){(4,0-5.3)
Control Top A a,1 + 1.2 9.5 + 0,2 nd nd 5.0 + 0.2 1.3+ 0.0 1.7+ 0.3 0.3+0.3
Chlorinated Top A 154,4 + 8.3 52.4 + 0.4 nd nd 13.7 £ 1.8 2.1+ 0.0 1.9+ 0,0 0.5+ 0.3
Chiorinated Top B 64.3 + 4.8 41,2 £ 1.3 nd nd 17.5 + 0.4 3.9+ 0.4 2.0#%01 2.5+ 0.5
Chlorinated Bottom B 60.8 + 1.3 24,2 £+ 0.6 nd nd 5.7 > Q.2 1.8+ 0.1 1.9+ 0.0 0.4+0.4
. L. Michigan {MI)
(8/783(3.0-3.8)
Cantrol Top A -~ 5.7 + 0.1 nd nd 2.2 0.0 0.6+ 0.0 0.7 +0,0 nd
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 nd nd 17.4 + 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 nd nd 3.1+ 0. 0.7 £+ 0.0 0.6 £0.1 0.3 +0.0
. Missouri R, (MD)
{9/78){3.6-4.8)
Control Top A 25.3 = 3.7 6.0 + 0.2 nd nd 4,6 + 0.1 1.2+ 0.1 2.0+« 0.0 0.9 0.0
Chiorinated Top A 155.6 + 6.8 106.9 = 3,0 nd nd 23.7 £ 1.7 5.7 £ 0.8 8.9+0.6 2.1+ Q.0
Chlorinated Top B 183.5 *+ 6.8 114.4 ¢+ 2.4 nd nd 28,0+ 1.4 6.3+ 0.1 5,0+ 0.3 1.9+ 0.2
Chlorinated Bottom B 191,32 + 8.6 94,5 + 2.8 nd nd 17.8 + 0.3 1.2+ 0,4 0.5+ 0.7 0.8+0.0
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6. Tennessee R. (KY)
(9/78){4.3-4.7)

Control Top A 37.8 + 3.7 5.4 + 0.3 nd
Chiorinated Top A 193.3 + B,5 134.9 ¢+ 4.0 nd
Chlorinated Top B 190.9 = 4.1 118.8 + 2.6 nd
Chlorinated Bottom B 200.7 + 10.4 78.7 = 10,4 nd
7. Cape Fear (NC)
{(10/78)(4.8-5.7)
Control Tap A 25.0 + 3.1 31.1 = 0.7 nd
Chlorinated Top A 697.7 + 33.9 329.3 + B3.3 nd
Chlorinated Bottom A 454,4 + 27.0 97.8 = 16.9 nd
8. L. Norman {NC)
{(10/78)(4.1)
Control Top A 13.2 + 5.5 3.1 £ 0.1 nd
Chlorinated Top A 117.6 = 12.2 86.0 + 1.4 nd
Chlorinated Top B 84.9 £ 1.9 67.4: 4.9 nd
Chlorinated Bottom B 59.1 ¢+ 3,2 36,0+ 2.0 nd
9. Conmnecticut R, (CT)
{(10/78)(4.3-5.0)
Control Top A 27.5 ¢+ 3.6 8,3 + 0.3 nd
Chlorinated Top A 177.5 + 8,1 105.9 + 1.3 nd
Chiorinated Bottom A 146.8 + 6,6 87.0 + 4,1 nd
10, San Onofre (CA)
{2/79)(2.9-3.2)
Control Top A 1.8+ 1.5 7.7+ 0.3 nd
Chlorinated Top A 24.7 + 20,4 85,5 + 4.5 nd
Chlorinated Bottom A  100.8 + 5.3 25.8 £ 1.6 nd

(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 ug/% Chlorine

CHLORINE TO CHLORINE TO CHLORINE TO SILICA GEL FRACTIONS

STATION HALOFORMS | NONHALOFORMS

(DATE} (C) ADDED mg/L) {PURGE & TRAP) (<800 MW HEX/ETHER ETHER MeGH

1. COLUMBIAR. (way 1CI | 1189 a7 19 07 06
(6/79)(2.7-3.0) N r 06 01 04 01
(8/78) (1.8} N |na 09 01 01 02

3. OHIO R, (WV) cl i sa 49,62 07.13 07,.07 02,08
(8/78){4.0-5.3) N 05 18 05 06 01

4. L MICHIGAN (Mb) ¢l | 35 39..40 10..11 06,.04 01,01
(8/78}(3.0-3.8) N r 08 02 02 o1

5. MISSOURI R, (Mo}  C [ 199 84,99 20.22 32,18 07,07
{3/78)(3.6-4.8) N tr 16 04 07 03

6. TENNESSEE R (KY; © | 254 1.26,1.28 35,21 40, 39 21,14
(9/78}(4.3-4.7) N tr 12 06 03 06
(10/78)14.8-5.7) N tr 29 03 22 01

8. L. NORMAN INC) c | a2 1.04.1.03 21,23 42,37 16..08
(10/78}(4.1) N nd 05 02 02 02

8. CONNECTICUTR.cTy ©F | 211 57 A5 30 .07
(10/78}(4.3-5.0) N tr 15 05 06 02
{2/78}(29-3.2) N nd 06 o1 03 01

1C! = Chlorinated
N = Nonchlorinated

*Bromoform analysis performed using XAD-2 adsorption method




TABLE 15.

Halogen Recovery from XAD-2 Columns in Series
Expressed as pg/& Chlorine

CHLORINE TO CHLORINE TO SILICA GEL FRACTIONS
STATION NONHALOFORMS
{DATE) (C! ADDED mg/L) (<BOO MW) HEX/ETHER ETHER MeOH
1. COLUMBIA R. (wa) T |37 19 07 08
{(6/79)(2.7-3.0) 1B .24 .06 .02 nd
2. SEQUIM BAY waA) T |1.48 37 22 03
{(8/78)(1.8) B 03 01 01 02
(8/78) (4.0-5.3) B 23 06 07 01
4. L. MICHIGAN {Mi) T |40 N 04 01
(8/78)(3.0-3.8) B A 02 02 o1
5. MISSOURIR. (MO} | |99 22 17 07
(9/78)(3.6-4.8) B 63 04 23 03
6. TENNESSEER. (KY) | (128 21 .39 14
(9/78}{4.3-4.7) B 29 04 12 04
7. CAPE FEAR (NC) T (314 94 32 nd
(10/78)(4.B-5.7) B 2.42 95 02 nd
8. L. NORMAN (NC) T [1.03 23 37 08
(10/78}(4.1} B 29 04 09 01
9. CONNECTICUT R, (cT) 1 |56 15 .30 .07
(10/78){4.3-5.0) B 34 07 13 03
10. SAN ONOFRE(cA) T [143 58 44 13
(27/79)(2.9-3.2) B 42 10 08 04

{T = top XAD-2 Column
¥ B = bottom XAD-2 Column

nd = not detected
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top 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 (1978) have reported yields of
chlorine as haloform to range between D.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 chiorine added {a low of 0.13% for Lake Michigan to a high of
0.78% for Cape Fear, after correction for procedural losses). The Tower range
found in our studies is at Teast 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
bjoaccumulatable. 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
fosses 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 1ipophilic fractions are no greater than 50%. The
data on Table 15, in which the chlorine in fractions from the top XA0-2 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 ug/2) as from the bottom column {(0.95 ug/L). 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
ug/L, 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 organchalogen material in the hexane/ether fraction
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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 Tipophilic chlorinated organic material (material which can be
extracted using XAD-2 resins).

Haloforms are the predominant stable Tipophilic products resulting from
the Tow 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 ug/&. 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 1ipophilic halogenated compounds
produced by Tow level chlorination appear to be very low, on the order of
nanograms per 1iter.

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 hbeen
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.

While our experimental Tow-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 accumutation 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
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TABLE A-1. Sample Inventory

Station #]
Columbia River
Hanford, Washington

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

pH 8.7 8.7 8.7 8.7 8.7

Water Temp (°C) 8.0 8.0 8.0 8.0 8.0

Chlorine Added No No Yes Yes No

Calculated Chlorine 0.00 0.00 2.7-3.0 2.7-3.0 0.00

Concentration Range {ppm)

Measured TRC after <0.001 <(.001 0.6-2.3 0.6-2.3 <0.001

1 Hour Contact (ppm)

XAO Samples

XAD Column Numbers 129/130 1317132 133/134  135/136 137

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

Resin Volume (mls) 82/83 82/82 82/82 B2/83 18

Water Volume 70 263 322 303 23

Extracted (1iters)

Other Samples

Headspace Samples
for CHCL3 (Chl and

Quadruplicate

control)

Purge and Trap Samples Quadruplicate
for Volatiles

(Ch1 and control)

BuTk Water Samples 5 Liters

5/18

B.7
8.0
Yes
2.7

0.6

138
XAD-8
17.5
39
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TABLE A-1. Sample Inventory {contd)

Station #4
Station #2 Station #3 on high-energy
next to Battelle a West Virginia surf zone,
Marine Labs. Water Research sand and
water uptake Station gravel beach
Sequim Bay Ohio River Lake Michigan
Sequim, Washington Belville, West Virginia Northport, Michigan
Sampling Dates {1973) B/07- 8/07- B/O7 B/O  8/15- B/15- B8/15- 8/19- 8/15- 8/19-
8/09 8/0% 8417 BT BT g8/21  8/21  8/21
pH - - - - 8.2 §.2 8.2 8.8 8.8 8.8
Water Temp. {°C) 13,2 12,2 13.2 13,2 25.5 25.5 25,5 20,8 20.8 20.8
Chlorine Added Yes Mo Yes No NO Yes Yes No Yes fes
falculated 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 TRC? After ndb nd nd nd nd nd nd nd nd nd
1 hr Residence Time
XAD Samples
¥AD Column Numbers 2B/29 30 31 32 33734 35/36 37/38 39/40 A42/43 44745
Resin Type XAD-2 KAD-Z2 XAD-2 XAD-2 XAD-2 XAD-2 XAD-2 XAD-2 XAD-Z2 XAD-2
Resin Yolume {mls}) B8/82 82 18 18 Bz2/82 81782 83/82 82/82 B2/BZ 82/82
Avg Flow Rate QOver XAD 133 125 114 2] 112 98 96 9B 106 104
{mls/min)
Wwater Volume Extracted 304.3 198.8 20.0 20.0 252.2 220.5° 215.7° 232.1 251.4 246.4
{Liters)

Other Samples

Headspace Samples for Duplicate Duplicate Buplicate
Chlarafarm {Chlorinated
and Non~-Chlorinated)

Purge and Trap Samples Mone Taken Duplicate Duplicate
for volatiles {Chlarinated
and Non-Chlorinated}

Bulk Water Samples None Taken None Taken None Taken

4TRe - {Total Residuat Chlorine} A measure of free Chlarine after uptake by organics. Excess
was scavanged by Ma, 50, prior to sample exposure to XAD resin. TRC measurements taken with
a Wallace and Tierndn imperometric Titrator,

bnd - not determined
Cchiorine tube s1ipped out of reservoir, water volume extracted is in doubt.
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TABLE A-1. Sample Inventory (contd)

Station #7
Station #5 off Cape Fear
next to St. Lewis Station #6 Technical Institute
Water Supply next to Kentucky Oceanography barge
uptake #3, Missouri River State Dam Locks, Tennessee River Cape Fear River/Estuary
St. Charles, Missouri Pudacah, kentucky Wilmington, North Carclina
Sampting Dates (7978} 9/06- 5/06- 9/06- 9/09- 9/08- 9/09- 9/10- 1a/%2- 1w12- 10/12-
g/08 9/08 9/08 9/11 8.1 8411 §411 10/14  10/14 10/14
pH 8.5 8.5 8.5 8.5 8.5 8.5 8.5 7.4 7.8 7.4
Water Temp. {°C} 26.4 26,4 26,3 26.8 2.8 26,8 726.8 21.2 21.2 21.2
Chlorine Added No Yes Yes ho Yes Yes Yes No Yes Yes
Calculated Chlorine 0.0 4.8- 4,8- 0.0 4,7-  A4.7- 4.4 0.0 5.7- 5.7-
Concentration Range {ppm} 3.6 3.6 4.3 4.3 4.8 4.8
Measured TRE ) After 0.0 1.1- 1.1- 0.0 1.8- 1.8 1.7 0.0 0.1 0.1
1 nr Residence Time 1.0 1.0 1.6 1.6
XAD Samples
$AD Column Numbers 50/51 52/53 54/55 58/57 56/59 60761 62 68/69  70/7V  72/73
Resin Type XAD-2  XAD-2 XAD-2 XAD-2 XAD-2 XAD-2 XAD-Z XAD-2  XAD-2  XAD-2
Resin Yolume (mis) F8/8) B2j82 B82/82 82/8B2 B82/82 82/B2 82 82/82 00/80 82/83
Avg Flow Rate Over XAD 57.2  121.5 84.2 m 116 a2 98.9 93.3 87.3 84.0
{mls/min)
Water Volume Extracted 173.0 244.3 169.3 219.7 228.9 181.6 88,7 195,89  183.3  176.4
{Liters)

Other Samples
Headspace Samples for Triplicate Triplicate Triplicate
Chioroform {Chlorinataed
and Hon-Chlorinated)

Purge and Trap Samples Dupiicate Duplicate Puplicate
for Yolatiles {Chierinated
and Nen-Chlerinated)

Bulk Water Samples 5 Liters 5 Liters 5 Liters

(a) TRC - (Total Residual Chiorine) A measure of free Chlorine after uptake byorganics. Excess was scavanged by NaSO3
prior 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 coclant discharge Plant Effluent
Lake Norman Connecticut River
Charlotte, Morth Carglina Middletown, Connecticut
Sampling Dates {1978) 19/15- 10/15- 10/15- 10419~ 10/19- 10/19-
10/16 10/16 10/16 10/20  10/20 13420
pH 7.0 7.0 7.0 7.2 7.2 7.2
Water Temp. (°C) 20.2 20.2 20,2 13.6 13.6 13.6
Chlgrine Added Ho Yes Yes No fes Yes
Calculated Chlorine 0.0 4.1 4.1 0.0 4,3- 4.3-
Concentration Range [ppm) 5.0 5.0
Measured TRC® After 0.0 2.3- 2.3 0.0 1.1- 13-
1 hr Residence Time 1.8 1.8 0.8 0.8
XAD Samples
XAD Column Numbers 74/75  7ef77  78/79 80/81 82/83 BR3/g4
Resin Type XAD-2  XAD-Z  XAD-2 XAD-Z  XAD-2  XAD-8
Resin Volume (mls) 82/83 85/82 B2/81 83i/82 82/82 B2/82
Avg Flow Rate Cver XAD 103.5  112.4  114.9 90.3 97.3 1103
?m}s/min)
Water V¥olume Extracted 189.4  205.6  210.2 162.5 175.1 304.4
{Liters)

Other Samples
Headspace Samples for Triplicate
Chlgroform {Chlorinated
and Non-Chlerinated)

Purge and Trap Samples Duplicate
for Volatiles (Chlorinated
and Non-Chlarinated}

Bulk Water Samples 4 Liters

fa) TRC - (Total Residual Chlorine} A measure of free [hlorine after uptake by organics.
Excess was scavanged by NaSD}.i prior to sample exposure to XAD resin.
n

taken with a Wallace and TieFnan Amperometric Titrator.

Triplicate

Duplicate

4 Liters

TRC measurements
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TABLE A-1. Sample Inventory (contd)

Station #10
San Onofre, on
the seaward side
of jetty at Harbor
ViTlla Boatel,
Oceanside, California

Samp 1ing Date {1979) 2/26-2/28 2/26-2/28 2/28 2/28
pH 8.3 8.3 8.3 B.3
Water Temp {°C) 13.6 13.6 13.6 13.6
Chlorine Added Yes No Yes No
Calculated Chlorine 2.9-3.2 0.00 3.2 0.0
Conc. Range (ppm)
Measured TRC after 1.3-1.6 <0.01 1.3 <0.01
1 hr. contact (ppm)
XAD_Samples
XAD Column Numbers 101,102 103/104 97/98 99/100 106 /107 1087109 110/111
Resin Type XAD-2 XAD-2 XAD-2 XAD-2 XAD-2 %AD-2 XAD-2
Resin Volume (mls) 83/82 B2 /82 B2/82 83/82 11.5/8.0 8.0/8.0 7.0/7.0
Water Volume 288.5 250.5 263.2 251.1 5.055% 5.00 5.00
Extracted {1iters)
Other Samples
Headspace samples Quadruplicate (4)
for CHCY3 (€1 and
control)
Purge & Trap 4

Samples for
Volatiles {C1 and
Control)

Bulk Water Samples 8 liters
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APPENDIX B

PRELIMINARY DATA ON COLUMBIA RIVER
AND SEQUIM 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.

B-1
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No Chlorine; 362 £

TABLE B-1. Recoveries of Organic Chlorine from GPC and Silica Gel Separations (values are
percentages of total organic halogen determined prior to separation: GPC and
silica gel experiments each assume 100% prior to separation experiment)

Silica Gel
Percent Recoveries Percent Recoveries
Sample Description >15,000 MW 15,000-600 MW <800 MW Total Nonpolar Polar Backflush Total
Fresh Water
Cl #18 Columbia River Water/ 0.0 .0 96.5 96.5 29.6 7.2 15.6 52.4
Fresh Water Apparatus
0.69 TRC; 390 £
Cl #8 Columbia River Water
and 9 Fresh Water Apparatus
Tandem Columns,
0.99 TRC; 390 £
C| #8 Top Column 1.2 25 709 746 i EX) 55.0 619
Cl #9 Botiom Column 4.4 2.8 87.2 94.4 8.2 7.1 22.0 373
Sea Water
i %10 Sequim Bay Sea Water 0.9 0.5 88.7 89.3 27.4 13.2 17.4 58.0
1.7 TRC; 269 £
Cl #11 Sequim Bay Sea Water 9.9 2.5 613 737 21.7 14.1 9.4 45.2
No Chlorine; 311 £
Cl#12 Sequim Bay Sea Water 0.0 0.0 791 791 10.6 7.5 B.3 26.4
23TRC; 3352
Clm3 Sequim Bay Sea Water 0.0 0.0 74.8 74.8 15.6 0.0 c.e 15.6
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TABLE B-2. <Comparison of Haloform Content in XAD-2 Extracts with Total Organic Halogen

pmoke X L mobe X U mole X umole X Total 1 male X Total U mole X ln Chlorinated Samples,

Sample Descriplion as CHCY, as CHCH, By as CHClBr, as CHBr, a5 Haloform Microcoulometer % Total X as Haloform

Cla Fresh ¥vater 18.58 212 — - 20,70 28.98 0,28 71
Lab Apparatus a)
405.5 £/2 ppm TRC!

cin2 <l 1 Conrrol 0.55 - - — 0.55 0.0 -
4039k

Cl =3 Columbia River 15.52 1.44 — - 16.96 33.41 £ 130 %1
1504 /7 ppm TRC

Cl 5 Columbhia River 0.74 - — — 0.74 Q.78 ¢+ 0.10 —
Control; 3707 R

Cl w7 Columbia River 0.72 - - — 0.72 1.2 * D.64 —
No Additives; 489.7 &

Cl »8 fw Lab - Upper Column 3132 212 - —_ 33.44 56.39 ¢ 2,59 59
387.6 £/0.99 ppm Cl

Cl #93 fw tab - Lower Colomn 27 .00 173 — - 2873 41.95 + 0.083 68

Cl =1Q Sea Water 0.64 - 1.85 86.85 89.34 104.7 + £.43 85
Lab Apparatus
2687 £/1.7 ppm Cl

Cl=1t Cantrol for Cl #10; 31052 1.51 —_ _ 13.87 14.38 2279 + (.38 —_

Cl a2 Sea Water 0.48 — 1.50 59.53 61.51 73831519 83
Lab Apparatus
335.42/23 ppm

Ci»*13 Control-for Cl #12 - — — 0.43 0.43 308 2 V.94 —
3622181

Cl =17 XAD-2 Extract {Blank) - - - - - 2.80 + 0.81 -

Cleia FW Lab Apparalus 39.12 6.56 - - 45.68 50.20 + 2.97 9
3896 £/0.69

{21 TRC = toral residual chiorine
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TABLE B-3. Organic Halogen Analysis of Fractions Obtained from Freshwater and Seawater Samples

{fractions obtained according to separation scheme on Figure 1; halogen values are

expressed as nonomoles/2)

G.P.C. Fractiona Shica Gel Fracthomns
Ether Methanol

Sample Description Date Extract <800 B800-15,000 »15,000 Nonpaolar Polar Backflush Phencls Acids Extract

Fresh Water Samples

Clwg Fresh Water Apparatus 615  128.8 13.99 natb! nd 465 113 247 0.53 3.59 39.3
0.69 TRC:(a) 390 £

Clwg Fresh Water Apparatus 5/10

and 9 0.99 TRC; 388 %

Cl #8 Top Column 145.5 9.40 0.32 016 0.33 Q.40 574 0.97 57 39.5
C| #9 Bottom Column 104.1 7.43 0.24 0.37 nd 0.74 1.30 0.20 3.86 297

Cles Fresh Water Apparatus 4/18 2.5 Q.77 nd nd 0.06 0.20 0.15 0.61 nd 35
No Chlorine; 311 £

Cl»7 Columbia River Water 4/24 26 0.69 0.07 nd Q.06 0.05 0.6 0.62 0.1 51.0
No Additions; 496 £

Sea Water Samples

Cl #10 Sea Water Apparatus 5/15 3894  107.01 0.67 010 18.61 8.99 11.85 nd 0.06 209.7
17 TRC; 269 £

Cl s Sea Water Apparatus 5/15 733 5.09 0.21 0.82 0.95 0.61 0.41 nd 0.59 80.2
No Chlorine; 311 £

Cl#12 Sea Water Apparatus 5.7 2204 6.12 nd nd 0.75 0.53 0.59 0.20 0.96 42.4
237TRC; 3351

Cl#13 Sea Water Apparatus 5/17 8.5 0.57 nd nd 0.08 nd nd nd 0.33 68.3
No Chiorine; 362 £

System Blank

Cclw7 {Based on 350 £ sample] 6/1 799 0.1 nd nd nd nd nd nd 1.42 nd

{8)TRC = parts per million total residuat chlorine

(bYnd = not detected



APPENDIX C

GC/MS SPECTRA FROM ETHER EXTRACTS




































































































