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BIOCIDE BY-PRODUCTS IN AQUATIC ENVIRONMENTS 

SUMriARY 

More electrical generating plants are being built each year to meet additional 
demands for electricity. Assuming the continued use of chlorine as a biocide 
in power plants, the volume of chlorinated effluents entering aquatic environ
ments will increase significantly. Associated with these effluents will be 
chlorinated (halogenated) organic by-products. This program is designed to 
further define an information base that can be used to develop or modify 
power plant regulations concerning chlorination or halogenation by-products. 

The Biocide By-Products in Aquatic Environments Proqram is composed of analyt
ical chemistry and biological phases with freshwater and marine biological 
subdivisions. This is the second year of the study. 

The objectives of the analytical studies are: 

• to identify those chloroorganic chemical compounds that result from the 
addition of chlorine to fresh or saltwater; 

• to develop methods for detecting chlorinated organics in the effluents 
discharged to receiving water bodies from nuclear stations; and 

• to verify laboratory findings through analysis for chlorination by-products 
in water and biota samples frorr: cooling water bodies of nuclear power 
stations. 

The objectives of the biological studies are: 

• to investigate the immediate toxicity of specific chlorination by-products 
(chloroform in freshwater and bromoform in marine waters); 

• to evaluate the chronic toxicity of chlorination by-products; 

• to follow their pathways of action; and 

• to analyze for bioaccumulation or biomagnification of halogenated hydro
carbons on selected aquatic or marine biota. 

ANALYTICAL CHEfii STRY 

Apparatus for high volume sampling of chlorinated and unchlorinated natural 
waters using columns of XAD-2 resins has been constructed. The equipment has 
thus far been used to sample waters at eight different locations in the 
United States. These are: Sequim Bay, \<JA; Ohio River, near Parkersburg, 
W. VA; Lake Michigan, near Traverse City, MI; Missouri River near St. Charles, 
MD; Tennessee River near the confluence with the Ohio River in Kentucky; 
Cape Fear, NC; and the Connecticut River, CT. In addition to the high volume 



sampling, we collected bulk water samples and samples for analysis of volatiles 
at each location. These samples are in the process of being analyzed using 
high pressure liquid chromatography (HPLC), gas chromatography (GC), micro
coulometry, and gas chromatography/mass spectrometry (GC/MS) techniques. 

Detailed analytical data have been obtained on the organohalogen contents of 
chlorinated freshwater (Columbia River) and seawater (Sequim Bay) systems. 
Samples have been characterized with respect to: 1) type and quantity of 
haloform produced from chlorination, 2) total organohalogen produced, 
3) distribution of organohalogen by molecular weight, and 4) distribution of 
organohalogen by polarity. In addition, a number of samples have been examined 
for individual halogenated components. Analytical methods for routine chloro
form and bromofonn analysis in water were developed for use in the freshwater 
and marine studies respectively. A GC procedure for bromoform in tissues was 
developed. Trout tissues obtained from the freshwater chlorination exposure 
system have been screened for chloroform. The pertinent information obtained 
from these studies is summarized below: 

• 35-40 ug/1 (ppb) chloroform, along with lesser amounts of bromodichloro
methane, are produced from the addition of 2 ppm chlorine to Columbia 
River water. Similar chlorine additions generated about 17 LQ/1 bromo
form in Sequim Bay seawater, with lesser amounts of dibromocilloromethane. 

• Haloforms comprise most of the organically bound halogen collected on 
XAD-2 resin from the fresh and seawater samples stJdied, when chlorina
tion is at the 2 ppm level. 

• Almost all of the organically bound halogen trapped on XAD resins from 
the chlorinated waters studied is found in fractions containing compounds 
of molecular weight less than 800. Fractions greater than 800 molecular 
weight contain very small quantities or organic halogen. 

• The nonhaloform organohalogen material produced consists mainly of 
relatively polar constituents; i.e., more polar than PCB's, DDT, chloro
naphthalenes, etc. There appears to be more nonpolar halogenated 
constituents generated from seawater chlorination than freshwater 
chlorination. Dichlorobenzene has been identified in freshwater. 

• In chlorinated Columbia River water, organochlorine is present in both 
phenol and acid fractions. Two dichlorophenols, a trichlorophenol and 
a bromochlorphenol have been identified. Organohalogen was found to be 
very low or not detected in seawater phenol fractions. 

• Measurement of chloroform in freshwater exposure apparatus using head
space technique shows that chloroform levels range from 1 J.Jg/1 to 
0.5 ~g/1. Chloroform concentrations in the unchlorinated controls range 
from non-detectable to 0.5 ~g/1. 

• Trout tissues from the first chronic chlorination by-products exposure 
at six months, have been analyzed for chlorinated organics. No signifi
cant differences were found between exposed (21 ppb mean total residual 
chlorine [TRCl]) and control fish. 
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FRESHWATER BIOLOGY 

Chronic Chlorine Exposures 

The second, 6 month, chronic chlorination by-product study of rainbow trout 
(Salmo gairdneri) was completed September 1978. Preliminary data analysis 
revealed the following: 

• Overall m<lrtality appears to be inversely related to concentration . 
This may be due to a prophylactic effect of the chlorination by-products. 

• In general, there were no significant differences in length or weight 
between controls and experimental groups resulting from exposures with 
chlorination by-products. Differences, when evident, appeared to result 
from reduced fish density in an aquarium, rather than from chlorination 
by-product concentration. 

Acute Chloroform Toxicity 

The toxicant delivery system for the acute chloroform toxicity studies has 
been constructed. Two 96-hour bioassays with bluegill (Lepomis microchirus) 
indicate an LCSO between 14-21 ppm. There appears to be a threshold of chloro
form toxicity, with lOa;; survival at 14 ppm and 100~; mortality at 21 ppm. A 
further acute toxicity test on bluegill demonstrated a prophylactic effect of 
chloroform on Flexibacter columnaris disease. During the second day of the 
test, fish in the control and next lowest concentration of chloroform (14.5 ppm) 
died of columnaris disease. Fish from other chloroform concentrations (16 to 
24 ppm) did not indicate a columnaris infection. The holding stock of bluegill 
had a low level, sublethal, infection of F. columnaris. Further chloroform 
toxicity tests will be conducted in FY-1979 on rainbow trout, channel catfish 
(Ictalurus punc!~!~~) and largemouth bass (Micropterus salmoides). 

A manuscript was prepared concerning the chronic chlorination by-products 
studies with rainbow trout for presentation at the Pacific Northwest Pollution 
Control Association meeting in October, 1978. 

t1ARINE BIOLOGY 

Chronic Chlorine Exposure 

Exposure of littleneck clams (Protothaca staminea) to sublethal concentrations 
of chlorinated seawater continued through the fourth qucr-ter. Samples were 
harvested at the end of July, August, and September from each of the test con
centrations (control, 100, 50, 25, 12, and 6 ppb Total Residual Oxidant [TRO]) 
for chemical analysis and histopathological examination. We expect to terminate 
the expcsures in November, 1978. Chemical and histopathological analysis will 
be conducted in FY-1979. 

; i i 



Bromoform Toxicity and Bioaccumulation 

The study of the acute toxicity of bromoform to the four Atlantic Coast species, 
quahaug (Mercenaria mercenaria), menhaden (Brevoortia t rannus), eastern oyster 
(Crassostrea virginica), and brown shrimp (Penaeus aztecus was completed in 
the quarter. In addition, the exposure phase of the uptake and depuration 
studies for these species and for littleneck clams was completed. A paper 
on the acute toxicity of bromoform to the five species studied was prepared 
for presentation at the International Ozone Association Aquatic Workshop 
scheduled for early November, 1978. It is anticipated that tissue analysis 
for bromoform bioaccumulation, by the analytical chemistry task, will be 
completed by early FY-1979. Once these data are available, a decision will be 
made of the need for further studies on bromoform. 

• The 96-twur LC50 of bromoform with brown shrimp was 26 mg/1 with a 95::; 
confidence interval between 20 mg/l and 33 mg/1. 

• For menhaden the 96-hour LC50 was 12 mq/l with a 95"; confidence interval 
between 9 mg/l and 15 mg/1. Menhaden and shrimp exhibited qualitative 
behavioral changes at sublethal bromoform concentrations. 

• With east coast oysters and quahaug a 96-hour exoosure period was inade
quate to generate meaningful LC50 data. At bromoform concentrations above 
10 mg/1, filtering was reduced and the bivalves closed for much of the 
exposure. From latent mortality data, a so:; mortality concentration for 
oysters and quahaug was in the range of 40 rng/1 to 140 mg/l respectively. 
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l. ANALYTICAL CHEMISTRY 

The chemistry studies have the following objectives: 

• To characterize the organohalogen components formed from the chlorination 
of natural fresh and saltwater sources by application of appropriate 
sampling, separation, and trace analytical techniques. Further, to 
utilize these techniques to study the organic chlorination chemistry of 
a number of natural water bodies which are potential receiving waters for 
electric power plant cooling water. 

• To determine the extent to which living tissues accumulate organohalogen 
components formed from low-level chlorination of natural waters, and to 
determine tissue concentrations of haloforms in fish exposed to haloform 
during bioassay experiments. 

• To provide routine analyses of haloform concentrations in water for 
bioassay studies of chloroform in freshwater and bromoform in seawater. 

l. l CHLORINATION OF NATURAL WATERS: ORGANOHALOGEN CHEIHSTRY 

The results of our preliminary work on the use of XAD resins for sampling 
chlorinated waters have been published (Bean et aL 1978a). In our initial 
experiments with XAD-2 sampling we did not destroy the active halogen prior to 
sampling. Analysis of these samples demonstrated that there was chemical 
interaction between the active halogen and the XAD resin which resulted in the 
formation of halogenated artifacts. Continuous 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 Na SO to collect chlorinated 
organics from drinking water supplies. He al~o ~djusted the pH to 4, presumably 
to prevent base-catalyzed hydrolysis and substitution reactions. Our present 
sampling method includes destruction of active chlorine with a fivefold excess 
of Na 2so1 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 (Junket 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 
tubes. 2The volume of XAD resin used is 32 ml, with a cross-sectional area of 
3.98 em . This permits pumping rates up to 160 ml/min. Normally, several 
hundred liters of chlorinated water sample are collected on one resin column 
with this method. 

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). 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 Na 2S03 and 
brought to a pH of ~4.5 by an automatic pH controller with acid. This water 
is then pumped through the XAD column using a positive displacement pump. XAD-2 
samples are stored at 4°C. 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. The 
apparatus has been air freighted three times and transported to eight sampling 
stations which demonstrates its durability. 

1.1.2 Other Types of Wate~Samples 

Other types of water samples are taken at the sampling stations for analyses 
by methods for which the high volume samples are not appropriate. Samples 
are stored at 4°C, except for bulk water samples, which are frozen. 

• Purge-and-Trap Samples -A 125 ml glass bottle is filled to overflowing 
with the water sample in the sample chambers (after NazS03 and acid have 
been added). The bottle is sealed with a Hycar® septum. Duplicates are 
taken of chlorinated and unchlorinated water. These samples are to be 
analyzed for volatile components using the purge-and-trap technique of 
Bellar and Lichtenberg (1974). 

• Headspace Samples - To a 125 ml glass bottle containing 5g NaCl and 
~_,zoo mg NazS03, 15 ml water is added from the chlorine contact chamber. 
These samples are normally taken in triplicate from both chlorinated and 
unchlorinated sampling systems. These samples are to be analyzed for 
ha 1 oform according to the method of Bush et a 1. ( 1977). 

• XAD-8 Samples -After the XAD-2 resin sampling is completed, about 50 
liters of chlorinated and unchlorinated water are pumped through columns 
containing about 18 ml XA0-8 each. This resin has a lower capacity for 
small molecules, but because of its larger pore size it ~s more efficient 
at trapping humic substances (Leenheer and Huffman, 1976). These samples 
are used to investigate the chlorine content of the higher molecular 
weight material than that trapped on the XAD-2 resin. 

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

®Use of brand name does not constitute endorsement by Battelle ~1emorial 
Institute. 
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1 .1.3 Sample Inventory 

The equipment and procedures described above were used to sample eight water 
bodies in the United States. Sample locations are shown in Figure 2 and an 
inventory is given in Table 1. High volume XAD-2 samples were collected as 
follows: Two XAD-2 columns containing 82 ml of resin 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 at Stations #3 through #9, we collected two control columns (top and 
bottom) and four chlorination columns (two top and two bottom). We will 
attempt to make an estimate of adsorption efficiency through comparison of 
the results from top and bottom columns. XAD-8 samples were not collected at 
Station #9 due to a pump failure. 

l .1.4 Analytical Procedures for Environmental Water Samples 

1.1 .4.1 Fractionation of XAD-2 Extracts 

An adjustment of pH to 4.5 prior to sampling with the XAD-2 resins is made to 
insure adsorption of the organic acids and phenols. A basic or neutral pH 
does not result in recovery of phenols (Junket al., 1974). We are concerned 
about chlorophenol formation for several reasons. First, phenols are more 
readily attacked by aqueous chlorine at low concentrations than other common 
organics, particularly when pH conditions are near neutral. Under conditions 
(pH 7, substrate and Cl2 both 1o-4M) where toluene takes up 2.9% Cl2, phenol 
takes up 97.6% Cl2 (Carlson et al., 1975). Thus, even if phenols were in low 
concentration with respect to other components in natural waters, halogenated 
derivatives of phenols may still predominate. In addition, Shimizu and Hsu 
(1975) have reported on the conversion of plant phenylpropanoids to chloro
phenolic derivatives with aqueous chlorine. This observation, taken together 
with the phenolic character of fulvic acids (Rook, 1977), presents the possi
bility that halophenols and their further reaction products may be important 
products of chlorination of natural waters. 

The separation scheme is presented in Figure 3. Extraction of the XAD-2 
column with 0.1 N Na2so3 is followed by ether then methanol extraction. The 
sodium carbonate extract is treated with acetic anhydride to form phenyl 
acetates from the phenolic components. The derivatized phenols are extracted 
with hexane. The treatment of phenols is adapted from a procedure reported by 
Krijgsman and Van de Camp (1977). The acidic materials that are not extracted 
into hexane from the carbonate after anhydri j e addition are extracted into 
ether after acidification to pH of "-'l. These 11 Underivatized 11 acids are to 
undergo further derivatization with diazomethane and subsequent GC/MS analysis. 
The ether extract of the XAD-2 column is treated as previously described; 
(Bean et al., 1977a) i.e., separation into three molecular weight fractions 
(<800; 800-15,000; >15 ,000) using gel permeation chromatography, followed by 
separation of lower molecular weight material into nonpolar, slightly polar, 
and polar fractions by silica gel chromatography. The methanol extracts are 
investigated only for total halogen. 
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TABLE 1. Sample Inventory 

Station 114 
Station #2 Station #3 on high-energy 

next to Battelle at West Virginia surf zone, 
Marine Labs. l~a ter Research sand and 
water uptake Station gravel beach 
Sequim Bay Ohio River Lake Michigan 

Seguim 1 Washinaton Belville, West Virginia North~ort, Mi chigan 

Sampling Dates (1978) 8/07- 8/07- 8/07 8/09 3!1 5- 8/15- 8/15- 8!17 8!17 8/19- 8/19- 8/19- 8/21 8/21 
8/09 8/09 8!17 8!17 8/17 8/21 8/21 8/21 

pH - - - 8.2 8.2 8.2 8.2 8.2 8.8 8.8 8.8 8.8 8.8 
Water Temp. (°C) 13.2 13.2 13.2 13.2 25.5 25.5 25.5 25.5 25.5 20.8 20.8 20.8 20.8 20.8 
Chlorine Added Yes No Yes No No Yes Yes Yes No No Yes Yes No Yes 
Calculated Chlorine 1.8 0.0 1.8 0.0 0.0 5.3- 5.3- 4.6 0.0 0.0 3.8- J.B- 0.0 2.9 
Concentration Range (ppm) 4.0 4.0 3.0 3.0 
Measured TRCa After ndb nd nd nd nd nd nd nd nd nd nd nd nd nd 
I hr Residence Time 

XAO Samples 
XAD Column Numbers 28/29 30 31 32 33/34 35/36 37/38 46 47 39/40 42/43 44/45 48 49 
Resin Type XAD-2 XAD-2 XAD-2 XAD-2 XAD-2 XAD-2 XAD-2 XAD-8 XAD-8 XAD-2 XAD-2 XAD-2 XAD-8 XAD-8 

-..,J Resin Volume (mls) 88/82 82 18 18 82/82 81/82 83/82 17 18 82/82 82/82 32/82 18 18 
Avg Flow Rate Over XAD 

(mls/min) 
i 33 125 110 80 112 98 96 75 62 98 106 104 98 188 

Water Volume Extracted 304.3 198.8 20.0 20.(1 .!!>2.2 220. 5c 215.7c 38.5 31.8 232.1 251 .4 246.4 38.5 73.2 
(Liters) 

Other Samples 
Headspace Samples for 
Chloroform (Chlorinated 

Duplicate Duplicate Duplicate 

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

Duplicate Duplicate 

and flon-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
2

so3 prior to 
sample exposure to XAD resin. TRC measurements taken with a Wallace and Tiernan Amperometric Titrator. 

bnd - not determined. 

cChlorine tube slipped out of reservoir, water volume extracted is in doubt. 
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Sampling Dates (1978) 

pH 
Water Temp. (°C) 
Chlorine Added 
Calculated Chlorine 
Concentration Range (ppm) 
Measured TRCa After 
1 hr Residence Time 

XAD Samples 
XAD Column Numbers 
Resin Type 
Resin Volume (mls) 
Avg Flow Rate Over XAD 

(mls/min) 
Water 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 1. Sample Inventory (continued) 

Station #5 
next to St. Louis 

Water Supply 
uptake #3, Missouri River 

St. Charles, Missouri 

Station 116 
next to Kentucky 

State Dam Locks, Tennessee River 
Pudacah, Kentucky 

9/06- 9/06- 9/06- 9/08 9/08 9/09- 9/D9- 9/09- 9/10- 9/10- 9/10-
9/08 9/08 9/08 9/11 9/11 9/11 9/ll 9/11 9/11 
8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 
26.4 26.4 26.4 26.4 26.4 26.8 26.8 26.8 26.8 26.8 26.8 
No Yes Yes No Yes No Yes Yes Yes No Yes 
0.0 4.8- 4.8- 0.0 

3.6 3.6 
0.0 1.1- 1.1- 0.0 

1.0 1.0 

50/51 52/53 54/55 64 
XAD-2 XAD-2 XA0-2 XA0-8 
78/83 82/82 82/82 17 

4.3 0.0 4.7- 4.7- 4.4 0.0 4.4 
4.3 4.3 

0.8 0.0 1.8- 1.8 1. 7 0.0 1.7 
1.6 1.6 

65 56/57 58/59 60/61 62 66 67 
XAD-8 XA0-2 XAD-2 XAD-2 XAD-2 XAD-8 XAD-8 
18 82/82 82/82 82/82 82 18 17 

57.2 121.5 84.2 76.8 80.7 111 116 82 98.9 

173.0 244.3 169.3 44.9 47.2 219.7 228.9 181.6 88.7 50.7 48.3 

Triplicate Triplicate 

Duplicate Duplicate 

5 Liters 5 Liters 

Station #7 
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 10/14 10/14 

7.4 7.4 7.4 7.4 7.4 
21.2 21.2 21.2 21.2 21.2 
No Yes Yes No Yes 
0.0 5.7- 5.7- o.o 4.6 

4.8 4.8 
0.0 0.1 0.1 0.0 0.1 

68/69 70/71 72/73 88 89 

XAD-2 XAD-2 XAD-2 XAD-8 XAD-8 
82/82 82/80 82/83 19 18 
93.3 87.3 84.0 48.4 40.3 

195.9 183.3 176.4 95.D 70.7 

Triplicate 

Duplicate 

5 Liters 

aTRC - (Total Residual Chlorine) A measure of free Chlorine after uptake by organics. Excess was scavanged by Naso3 prior to 
sample exposure to XAD resin. TRC measurements taken with a Wallace and Tiernan Amperometric Titrator. 
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TABLE 1. Sample Inventory (continued ) 

Sampling Oates (lg78) 

pH 
\4ater Temp. ( nc) 

Chlorine Added 
Ca lculated Chlorine 
Concentration Range (ppm) 
Measured TRCa After 
1 hr Residence Time 

XAO Sampl es 
XAO Column Numbers 
Resin Type 

Resin Volume (mls) 
Av9 Flow Rate Over XAO 

(mls/min) 
14ater 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 Sampl es 

Station .-8 
near McGuire Nuclear 

Power Plant 
water coolant discharge 

lake Norman 
Charlotte, North Carolina 

10/15- 10/15- 10/15- 10/16 10/16 
10/16 10/16 10/16 
7.0 7.0 7.0 7.0 7.0 
20.2 20.2 20.2 20.2 20.2 
No 
0.0 

0. 0 

Yes Yes Yes 
4.1 4. 1 5. 3 

2. 3- 2. 3- 1. 8 
1. 8 1.8 

74/75 76/77 78/79 90 

No 
o.o 

0.0 

91 
XA0- 2 XA0-2 XA0-2 XA0-8 XA0-8 

82/83 85/82 82/81 17 19 
103.5 112. 4 114.9 167.3 96.4 

189.4 205.6 210.2 107.8 62.2 

Triplicate 

Oupl icate 

4 liters 

Station #9 
next to Middletown 
Sewage Treatment 
Plant effluent 

Connecticut River 
Middletown, Connecticut 

10/19- 10/19- 10/19-
10/20 10/20 10/20 
7.2 7.2 7.2 
13.6 13.6 13.6 
No Yes Yes 
0.0 4.3- 4.3-

5.0 5.0 
0.0 1. 1- 1. 1-

0.8 0 .8 

80/81 82/83 83/84 
XA0-2 XA0-2 XA0-8 (XA0-8 Sampl es 

Not Taken -
Pump Failure) 

83/82 82/82 82/82 
90.3 97.3 110.3 

162.5 175.1 304.4 

Triplicate 

Duplicate 

4 liters 

aTRC - (Tota l Residual Chlori ne) ,, measure of free Chlorine after uptake by organics . Excess was scavanged 
by NaS01 prior to samp 1 e exposure t o XAO res in . TRC measurements ta ken with a Wa 11 ace and Tiernan 
Amperom~tr ic Titra t or . 
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1. 1.4.2 Total Organic Halogen by Microcoulometry 

A microcoulometric titrating system (Dohrmann/Envirotech Corp.®) is being 
used to determine the total organic halogen formed from the chlorination of 
natural waters. This technique has been employed by Glaze et al. (1977) in 
studies of Texas drinking waters. Glaze suggested the use of total organic 
halogen (TOX) as a water quality parameter, particularly when coupled with 
measurement of haloform content. This technique is applied to chlorinated 
natural waters as a measure of the total organic halogen formed. \4e are also 
determining the quantity of organically bound halogen which is not in the form 
of haloform. This information will enable us to better assess the magnitude 
of potential environmental problems associated with formation of high molecular 
weight haloorganics. In addition, we are also determining the total organic 
halogen in individual chemical fractions isolated from chlorinated waters and 
from fish tissue. The microcoulometric technique is thus providing valuable 
information about the quantity, types, and molecular weight distribution of 
organohalogen components. This information is independent of, and compliment
ary to, information about individual chemical components. 

Experience with the microcoulometer has revealed some problems and limita
tions. The effort required to maintain optimal instrument performance seems 
to be excessive. Organic solvents give positive readings in the absence of 
added chlorine. These positive responses are not due to trace amounts of 
halogen. 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 
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 
recent papers discussing the use of the microcoulometric technique in environ
mental chemistry (Glaze et al., 1977; Wegman and Greve, 1977). The blanks we 
obtain make the accuracy of measurements at the several 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 component. 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 concen
trations of 100-fold over halogen. 

1.1.4.3 Haloform Analysis 

The haloforms comprise a large percentage of the organohalogen products from 
chlorination of both freshwater and saltwater. We have found that a 1.8m x 2mm 
glass column packed with Chromosorb 101 gives excellent separation of the 
haloforms of interest. Ether extracts are routinely analyzed on this chromato
graphic column at 185°C using 1,3-dibromopropane as an internal standard. 
Detection is by electron capture. All the haloform data presented in Table 2 
were obtained by this method. 

®Use of brand name does not constitute endorsement by Battelle Memorial 
Institute. 
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TABLE 2. Comparison of Haloform Content in XA0-2 Extracts with Total Organic Halogen 

S.mple 

Cl lf1 

Cl112 

Cl #3 

Cl #5 

Cl #7 

Cl #8 

Cl #9 

Cl1110 

Cl •11 

Cl 1112 

Cl •13 

Cl 1117 

Cl #18 

Description 

Fresh Water 
lab Apparatus (a) 
405.5 i/2 ppm 1 RC 

Cl 11 Control 
403.9 i 

Columbia River 
150V7 ppm TRC 

Columbia River 
Control; 310.7 i 

Columbia River 
No Additives; 489.7 i 

FW lab - Upper Column 
387.6 £/0.99 ppm Cl 

FW lab - lower Column 

Sea Water 
Lab Apparatus 
268.7 V 1.7 ppm Cl 

Control for Cl •10, 310.5 i 

Sea Water 
lab Apparatus 
335.4112.3 ppm 

Control for Cl 1112 
362.21 

XAD-2 Extract (Blank) 

FW lab Apparatus 
389.6 2./0.69 

(a) TRC = tota l residual chlorine 

IJ mole X 
uCHCI1 

18.58 

0.55 

15.52 

0.74 

0.72 

31.32 

27.00 

0.64 

1.51 

0.48 

39.12 

11 mole X 
u CHCI,Br 

2.12 

1.44 

2.12 

1.73 

6.56 

~ mole X 
as CHCIBr1 

1.85 

1.50 

ll mole X 
u CHBr1 

8685 

13.87 

59.53 

0.43 

(b) These samples were stored in refrigerator at 4°C and we re exposed to Freon (seC' text). level of 
Freon contamination can be estimated from Cl #17. 

Total ll mole X T obi L mole X 
as Haloform Microcoulometer 

20.70 

0.55 

16.96 

0.74 

0.72 

33.44 

28.73 

89.34 

14.38 

61.51 

0.43 

45.68 

28.98(b) t 0.28 

o.otbl 

33.41 (b) ± 1.30 

0.78(b) ± 0.10 

1.25(b) ± 0.64 

56.39(b) ± 2.59 

41.95(b) ± 0.83 

104.7 ± 6.43 

22.79 ± 0.88 

73.83 ± 5.19 

3.08 ! 1.44 

2.solbJ t o.81 

50.20 ± 2.97 

.. 

In Chlorinated S.mples, 
0-b Total X u Halofo rm 

71 

51 

59 

68 

85 

83 

91 
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For direct analysis of chloroform in water we adapted a headspace method, 
since chloroform is 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 100 ml bottle capable of being sealed with a 
septum. A 15 ml 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 
sampled using a sealable syringe and injected onto the Chromosorb 101 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 ml chloroform-free water plus salt and Na2so3 are sealed in a sample bottle 
and 3 ~ 1 of methanol containing a known amount of chloroform is added by 
injection through the septum. This standard sample is then analyzed exactly 
as the other samples. 

1.1.5 Results of Analysis of Columbia River and Sequim Bay Water Samples 

1.1.5.1 Examination of XAD-2 Extracts for Haloforms 
and Total Organic Halogen 

At least two laboratories (Glaze et al., 1977; Wegman and Greve, 1977) have 
investigated the total organic halogen (TOX) content of waters using the 
microcoulometric technique. Glaze (1977) expanded the concept to include 
analysis of the haloform content of waters in addition to the TOX. We adapted 
these procedures for our studies. The haloform content of our XAD-2 extracts 
(in ether) is determined by gas chromatography and the halogen represented by 
that haloform is compared with the total organic halogen. The results of 
these measurements are given on Table 2. The data were obtained from 3 ml 
sub-samples of the 200 ml ether extracts from the XAD-2 columns. The samples 
were at first stored at 4°C in teflon-capped vials to prevent evaporation and 
chemical change. We discovered during the course of the measurements that the 
refrigerator was a significant source of freon contamination of the samples. 
Subsequent ether sub-samples were stored at room temperature. Samples that 
were contaminated with freon are noted on Table 1. The extent of contribution 
of the contaminant to the TOX measurement can be estimated by referring to the 
TOX results for the samples designated Cl #17, #7, #5, and #2. The TOX for 
these unchlorinated samples in each case corresponds to less than 3 ~mole. 

From the data on Table 2, the bulk of the organic halogen collected on the XAD 
resins and extracted into ether is shown to be present as haloform. In the 
case of the unrefrigerated samples, Cl #10, #12, and #18, there was no compli
cating contamination. The chlorinated seawater samples (#10 and #12) had 85 
and 83% of the halogen as haloform, principally bromoform. The one uncon
taminated freshwater sample (#18) had 91 % of the halogen as haloform in the 
form of chloroform and bromodichloromethane. The appearance of the bromo 
compound in the freshwater samples is interesting but not surprising, since, 
according to Bowen (1966) bromide ion in freshwater systems is about 0.2 
mg/1, one twentieth the molarity of the added chlorine. 

The quantities of chloroform from the freshwater samples reported on Table 2 
represent only about 10% of the chloroform expected, based on direct chloroform 
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measurements of the chlorinated water being sampled. If one makes the reason
able assumption that the nonhaloform organochlorine material is adsorbed on 
the resin more strongly than the chloroform, then it follows that practically 
all the organohalogen formed from the chlorination of our freshwater sample is 
in the form of haloform, probably well in excess of 90%. In the case of the 
seawater samples, we can say with more certainty that about 90% of the organa
halogen is in the form of haloform, since bromoform, the principle product of 
seawater chlorination, is adsorbed on the XAD-2 resin with an efficiency of 80%. 

1.1.5.2 Fresh and Salt Waters 

Part of the biological experiments were designed to determine the long-term 
effects of low-level chlorination of Columbia River water on salmonids. We 
have investigated the chloroform concentrations in these test systems. 
Chloroform ana lyses obtained from the experiments are given in Table 3. The 
sample indicated a "concentrate" is identical to that being sampled by the 
XAD-2 methods discussed above. The "100%" sample is the highest level to 
which the trout are exposed. This level is actually a 16-fold dilution of the 
concentrate. On 5/22 and 6/16, sampling was limited to one sample per exposure 
concentration. On 5/26, however, 5 concentrations were sampled in triplicate 
to determine the method reproducibility. The reproducibility of the method is 
satisfactory , and we are incorporating this analytical technique into our 
field sampling program at freshwater locations. The chloroform data indicate 
that in the biological test systems, the amount of chloroform is 1 wg/l or 
less, and the spread between the highest and lowest concentrations of chloro
form is only a factor of two. For comparison, we found the concentration of 
chloroform in the laboratory tap water to be 11 wg/1. 

The analysis of bromoform in chlorinated seawater can be performed either by 
adsorption on XAD resins followed by ether extraction and gas chromatography 
of the ether extract, or by direct solvent extraction of the water with hexane 
followed by gas chromatography. In both cases, 1,3-dibromopropane is used as 
internal standard. The results from two separate analyses of the chlorinated 
seawater used to expose clams for long-term effects studies are given on 
Table 4. The values obtained for the non-chlorinated tanks of 2.3 and 2. 4 ppm 
are probably a result of cross contamination from the chlorinated systems, 
which are in the same room. The low values found for the concentrate, and 
high concentration dilutions (100, 50, and 25%) in August are surprising since 
all our previous analyses have generally been between 25 and 30 ppb. 

Table 5 shows the values of bromoform found in the seawater chlorination 
exposure apparatus (concentrate only), and compares them with chloroform con
centrations from the concentrate in the freshwater system. In this study it 
was of interest to compare the haloform concentration in the untreated chlori
nated water with that found in the XAD-2 sampling apparatus after addition of 
acid and sodium sulfite . The results in Table 5 indicate that the manipulation 
of the chlorinated water by the sampling apparatus resulted in haloform losses 
of only about 10% . The third column in Table 5 illustrates the futility of 
using XAD- 2 to measure chloroform concentrations in freshwater samples. Only 
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TABLE 3. Chloroform Headspace Analysis of the Freshwater Low-Level 
Chlorination Experiment with Salmonids 

(Values reeorted are ~g/1 CHC1 3 
5/22/78 5/26/78(b) 6/16/78 

Concentrate 31.3 40. 16 + 1 . 39 39.09 + 1.15 

100% 1.05 + 0.2l(a) 1. 03 + 0.11 0.93 
75% 1.00 0.83 

50% 0.54 0.70 + 0.00 0.69 

25% 0.41 0.62 
12.5% 0.49 0.47 + 0.05 0.6(c) 

o~~. 0.46 nd(d) 

River Water 0.46 0.39 + 0.04 

aAverage of duplicate samples. 

bAnalyses on 5/26 were obtained from triplicate samples. 
cEstimate, interference with peak integration. 
dNot detected. 

Average 

36.85 + 4.83 
1 .00 + 0.06 
0.92 + 0.12 
0.64 + 0.08 
0.52 + 0.15 
0.52 + 0.07 

0.23 
0.43 + 0.05 

TABLE 4. Bromoform Analysis from Chronic Exposure of 
Clams to Chlorine 

{Bromoform concentrations in ~arts-eer-billion} 

Test Groue 7-17-78 8-4-78 

0% 2.3 2.41 
6% 5.6 3.10 

12% 5.1 4.74 
25% 12.8 6.15 
50% 17.4 6.76 

10or 28.7 9.48 
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TABLE 5. Comparison of Haloform Analyses 
Chlorinated Waters 

A. Freshwater Systems (CHC1 3) 

Headspace Directly 
from Chlorinated 
Water ( ug/l) 

38.3, 39.9; x=39.1 

Headspace From 
.Sampling Apparatus 

(ug/1) 

35.1, 35.3; x=35.2 

XAD-2 column 
(388 liters over 
82 ml Resin) ( ~ g/1) 

3.2 

B. Seawater System (CHBr3) 

5 ul over XAD-2 
Directly from Chlorinated 

Water (ug/1) 
16.8, 17 .2; x=l7.o 

5 ul over XAD-2 
from Sampling 

Apparatus (ug/1) 
15.4 

XAD-2 Column 
(335 liters over 

82 ml Resin) (ug/l) 
15.0 

about 10% of the chloroform is adsorbed during the large volume sampling. In 
contrast, XAD-2 appears to efficiently adsorb bromoform even when large 
volumes are sampled. 

1.1 .5 .3 Characterization of Nonhaloform Organohalogen Components 

Our approach to the chracterization of the non-haloform halogenated organic 
material in our samples consists of three elements: 

1) Classification of the material according to molecular weight and 
chemical type, using solvent extraction and chromatographic techniques . 

2) Determination of the halogen content of these component classes 
using microcoulometric titration. 

3) Investigation of suitable fractions for identity of individual com-
ponents using gas chromatography/mass spectrometry (GC/MS). 

We found identification of individual components by GC/MS difficult 
because of the complexity of the samples, the very low concentrations of the 
individual components present, difficulty of obtaining interpretable mass 
spectra from the isolated components, and the general unavailability of 
reference standards. Our application of microcoulometric chlorine analysis to 
freshwater and seawater samples has shown that useful information can be 
obtained about the nonhaloform organohalogen material without identification 
of individual components. This type of information will be particularly 
useful during our studies comparing the chlorination behavior of water bod i es 
across the United States. 

The results of analysis of the separated fractions for halogen content are 
presented in Table 6. In order to facilitate comparison of seawater extracts 
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TABLE 6. 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 nanomoles/1) 

Sample Description o~te 

Fresh Water Samples 

Cl # 18 Fresh Water Apparatus 6/15 
0.69 TRC;(a) 390 £. 

Cl #8 Fresh Water Apparatus 5/10 
and 9 0.99 TRC; 388 1 

Cl #8 Top Column 

Cl #9 Bottom Column 

Cl #5 Fresh Water Apparatus 4/18 
No Chlorine; 311 £. 

Cl #7 Columbia River Water 4/24 
No Additions; 490 £. 

Sea Water Samples 

Cl #10 Sea Water Apparatus(c) 5/15 
1.7 TRC; 269 1 

Cl #11 Sea Water Apparatus(C) 5/15 
No Chlorine; 3111 

Cl #12 Sea Water Apparatus 5/17 
2.3 TRC; 335 £. 

Cl #13 Sea Water Apparatus 5/ 17 
No Chlorine; 362 £. 

System Blank 

Cl #17 (Based on 350 £. sample) 6/1 

(a)TRC =parts per million total residual chlorine 
(blnd =not detecteo 

Ether 
Extrut <800 

128.8 13.99 

145.5 9.40 

108.1 7.43 

2.5 0.77 

26 0.69 

389.4 107.01 

73.3 5.09 

220.4 6.12 

8.5 0.57 

7.99(d) 0.21 

(c) Bromoform saturation experiment in progress; see text. 
(d) Determined by G.C. to be exclusivdy due to Freon contamination 

G.P.C. Fr~ction1 Silin Gel Frutions 

800-15,000 >15,000 Nonpolu Polu Bukflush Phenols 

nd(b) nd 4.66 1.13 2.47 0.53 

0.32 0.16 0.33 0.40 5.74 0.97 

0.24 0.37 nd 0.14 1.30 0.20 

nd nd 0.06 0.20 0.15 0.61 

0.07 nd 0.06 0.05 0.16 0.62 

0.67 0.10 18.61 8.99 11.85 nd 

0.21 0.82 0.95 0.61 0.41 nd 

nd nd 0.75 0.53 0.59 0.20 

nd nd 0.08 nd nd nd 

nd nd nd nd nd nd 

Acids 

3.59 

5.7 

3.86 

nd 

0.11 

0.06 

0.59 

0.96 

0.33 

1.42 

Meth~nol 

Extr~ct 

39.3 

39.5 

29.7 

3.5 

51.0 

209.7 

80.2 

82.4 

68.3 

nd 



with freshwater, the values on Table 6 are expressed as nanomoles halogen per 
liter of water extracted. 

Before review of the data on Table 6, a few comments must be made. Chloroform 
is quite volatile (bp 61.2°C) and most of it is lost during the concentration 
step prior to molecular weight separation using gel permeation chromatography 
(GPC). This explains why the total amount of chlorine in the GPC fractions 
from the freshwater samples is very low with respect to the original ether 
extract. Bromoform is less volatile (bp 149.5°C) and thus may not be lost as 
readily during the GPC separation procedure. Generally, methanol extracts 
are relatively high and fairly uniform in halogen content, regardless of 
whether they originate from a chlorinated water sample or a control. It is 
likely, therefore, that the values for halogen obtained from the methanol 
fractions are from inorganic halogen rather than organic. Both the phenol 
and acid fraction procedural blanks tend to be relatively high, indicating 
that interfering impurities are present in our reagent. The source of these 
impurities is presently under investigation. The data for phenols and acids 
on Table 6 are reported as the value obtained for the samples minus the value 
obtained for the procedural blank, and are probably not very accurate. 

Another observation is that the silica gel separation procedure does not 
yield acceptable recoveries of organohalogen material. We have evidence 
this is because of irreversible adsorption of polar halogenated material. 
Recoveries of three standard compounds from both GPC and silica gel separations 
were studied, and results are presented on Table 7. For these nonpolar or 
slightly polar compounds recoveries were quite good. The major source of 
losses occurred during final evaporation back to the original volume. 
Table 8 shows recoveries obtained from freshwater and seawater samples from 
both GPC and silica gel separation. Total halogen recovered from the GPC 
separation is good (74 to 97%), but recovery from the silica gel separation 
is low. It is possible, therefore, that the majority of the nonhaloform 
organohalogen material extracted from the XAD-2 columns consist of polar, 
relatively low molecular weight material. These results dictate that we 
modify our separation procedures to concentrate on the more polar materials. 

Data on Table 8 are complicated by two additional problems. Of the freshwater 
samples reported, only Cl #18 was not exposed to freon. Thus values for 
total halogen in other samples may be higher. Seawater samples were not 
refrigerated; however, during the sampling of one set of the seawater samples 
(Cl #10 and Cl #11) an experiment was being conducted in the same room water 
was being saturated with bromoform. Apparently, this resulted in the con
tamination of our sampling system with bromoform, since the control had 
abnormally high bromoform concentrations. These two sets of samples were 
taken 2 days apart and were meant to be duplicates; however, the results 
obtained from these sets are not very comparable. 

From data presented on Table 6 we can make the following observations about 
the Columbia River and Sequim Bay samples we investigated: first, the 
majority of the organohalogen extracted onto XAD-2 resins from chlorinated 
waters is in the form of haloform; second, very little organohalogen 
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TABLE 7. Separation Recovery Studies 

A. Recovery of SU.nduds from GPC Sepanation (values are percent of starting component) 

After 

Amount Evaporation 
Stand;ud Injected >15,000 MW 15,000-800 MW <800 MW Total to 1.0 ml 

1,4-dichlorobenzene 25.90 ]Jg 0.0 0.0 93.9 93.9 82.2 

P,P-DDT 22.061Jg 0.0 0.0 120.2 120.2 100.0 

2-bromonapthalene 15.82 J.Jg 0.0 0.0 92.4 92.4 53.9 

B. Recovery of Standards from Silica Gel 

Alter 
Amount Evaporation 

Standard Injected Nonpolar Polar Backflush Tot.l to 1.0 ml 
----

1,4-d•chlorobenzene 25.90 ).Jg 82.9 0.0 0.0 82.9 70.5 

P,P-DDT 22.06 J.l8 96.9 11.8 0.0 108.7 74.1 

2-bromonapthalene 15.82 ).Jg 43.1 49.7 0.0 92.7 68.6 

extracted is in excess of 800 molecular weight; and third, most of the non
haloform organohalogen appears to be associated with polar molecules. 

XAD-2 resin has a relatively small pore size, and thus is not particularly 
suitable for extracting material of high molecular weight, such as humic and 
fulvic acids. Use of larger pore size resin (XAD-8) to collect the high 
molecular weight materials is being employed to determine whether incorporation 
of halogen into macromolecules is a significant reaction in water chlorination. 
This is an important environmental question since, for example, chlorinated 
humic and fulvic acids could be a sink for halogen, and a possible long-term 
source of halogenated molecules to the environment. 

1.1.5.4 GC/MS Analysis of Freshwater Fractions 

Capillary gas chromatograms are routinely obtained on three silica gel 
fractions (nonpolar, polar, backflush) and on the phenol fractions obtained 
from each XAD-2 sample. The chromatograms are used to select fractions which 
have the greatest chance of giving good GC/MS results, and to supplement the 
GC/MS information obtained. We examined fractions obtained from the long
term freshwater chlorination exposure apparatus, concentrating mostly on the 
sample designated Cl #9 (see Tables 2 and 6). 
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TABLE 8. 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) 

GPC Slliu Gel 

Percent Recoveries Percent Recoveries 

5.Jmple Dflcription >15,000 MW 15,000-800 MW <800 MW Tot•l Nonpolu Pobr Buldlush Tot•l 
- ---

Fresh Water 

Cl •18 Columbia River Water/ 0.0 0.0 96.5 96.5 29.6 7.2 15.6 52.4 
Fresh Water Apparatus 
0.69 TRC; 390 £ 

c1 •a Columb1a River Water 
and 9 Fresh Water Apparatus 

Tandem Columns, 
0.99 TRC, 390 l 

Cl •8 Top Column 1.2 2.5 70.9 74.6 3.1 3.8 55.0 61.9 

Cl #9 Bottom Column 4.4 2.8 87.2 94.4 8.2 7.1 22.0 37.3 
N Sea Water 0 

Cl1110 Sequim Bay Sea Water 0.1 0.5 88.7 89.3 27.4 13.2 17.4 58.0 
1.7 TRC. 269 £ 

Cl111 Sequ1m Bay Sea Water 9.9 2.5 61.3 73.7 21.7 14.1 9.4 45.2 
No Chlonne; 311 £ 

Cl •12 Sequim Bay Sea Water 0.0 0.0 79.1 79.1 10.6 7.5 8.3 26.4 
2.3 TRC; 335 £ 

Cl #13 Sequim Bay Sea Water 0.0 0.0 74.8 74.8 1j.6 0.0 0.0 15.6 
No Chlorine; 362 l 
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Our strategy for identifying the GC/MS peaks which contain halogen is to run 
the sample in the chemical ionization (CI) mode (mild ionization mechanism), 
and to search the chromatogram for peaks which have spectral patterns charac
teristic of halogen isotope ratios. The electron capture gas chromatogram of 
the sample under investigation is used as a guide for determining where to 
look in the GC/MS chromatogram for halogen isotope ratios. When a chromato
graphic peak having a chlorine or bromine isotope ratio is identified, a 
molecular weight is assigned if the spectrum permits. The electron impact 
(EI) GC/MS mode is then applied to the sample and the spectrum of the peak of 
interest examined for confirmation of chlorine and for structural identification 
if possible. 

The task is a tedious one, since the great majority of the peaks in the 
chromatogram do not have isotope ratios corresponding to halogen. As our 
earlier studies have shown, this is particularly the case for the freshwater 
samples studied. Peaks which do not contain evidence of halogen in the GC/MS 
are not investigated further in order to reduce the time invested per sample. 
With the exception of the phenol fraction of Cl #9, the results obtained 
for the investment of technical manpower and instrument time have been dis
appointing. For the nonpolar fraction, only three peaks in the chromatogram 
were found to have isotcpe ratios corresponding to halogen compounds, and only 
one was identified (dichlorobenzene). Only one peak was found in the nonpolar 
fractions, and the spectra indicated no parent molecular ion. Two backflush 
samples only yielded three chlorine-containing peaks (unidentifiable) in the 
CI chromatograms, which could not be found when the corresponding EI runs were 
made. This last result was particularly disappointing, since our present 
evidence indicates that the majority of the nonhaloform organohalogen comp
onents should be in the backflush fraction (see Table 4). 

Examination of the phenol fraction of Cl #9 produced positive results, however. 
The procedure for isolating the phenols involves forming the acetylated deriva
tives, which allows them to be separated from other acidic components. The 
derivatization also makes GC/MS identification definitive, since a major 
fragmentation pathway of these molecules is to eliminate ketone. Thus, the 
appearance of a molecular ion plus an M-42 fragment is highly indicative of an 
acetyl-derivatized phenol. Figure 4 shows three single ion chromatograms 
corresponding to the molecular weights of four phenols identified in the 
phenol fraction of Cl #9. Note how clearly the peaks, due to the phenolic 
components, are enhanced with respect to the peaks in the total ionization 
chromatogram. We used the reconstructed single ion chromatogram capability of 
the GC/MS to scan the Cl #9 phenol fraction for peaks having the molecular 
weights of a number of phenols with different combinations of chlorine, bromine, 
and methyl groups; however, only two dichlorophenols (we presume ortho and 
para), trichlorophenol {probably 1, 3, 5-TCP), and a bromophenol were found. 
The mass spectra obtained from the electron impact scan for these compounds 
are given in Figures 5, 6, and 7. Because of an unusually large mass offset 
in the instrument for this run, some of the mass assignments on the figures 
appear 1 mass lower than they should be; however, assignment of major peaks in 

· the spectra are correct. 
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Although the investigation of fractions by GC/MS has been a difficult part of 
the present program, continued application of this methodology to our compara
tive sampling program is essential. As the results of the microcoulometric 
analyses of fractions have shown, a large part of our difficulty in finding 
individual components by GC/MS in the Columbia River and Sequim Bay samples is 
that the concentrations of these components are very low, in the nanogram per 
liter range. This will probably not be the case when other waters are sampled. 
We must continue the GC/MS application to samples taken across the country in 
order to determine if there is a potential for a few major hazardous chlorinated 
components to be formed from the chlorination process. 
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1.2 ANALYSIS OF TISSUES FOR HALOGENATED ORGANICS 

1.2.1 Analysis of Tissues From Chronic Chlorine Exposures 

Tissues from animals used in chronic chlorine bioassays have been analyzed for 
residues of chlorination by-products. Rainbow trout from the chronic chlorina
tion by-product exposures have been studied extensively. The procedure of 
Keuhl and Leonard (1978) was used for the initial extraction and separation of 
components in the fish tissues. Tissues were prepared for extraction by 
grinding whole fish with sufficient anhydrous sodium sulfate to give a dry 
mass (approximately 2:1, Na2S04:tissue by weight). Quantities of the dry 
mixture equivalent to approximately 10 grams of tissue were then extracted 
overnight in a Soxhlet extractor using 50 ml of 50:50, acetone:hexane. The 
extraction is actually carried out by the 59:41, acetone:hexane azeotrope 
which boils at 49.8°C. The extract from control fish consisted of two phases 
at this point, apparently due to a larger amount of water in the sample. The 
difference in water content may have resulted in differences in extraction 
efficiencies for the two samples. 

Residues remaining in the extraction thimbles after the first extraction were 
Soxhlet extracted a second time with a fresh charge of 50 ml 50:50, acetone: 
hexane. The purpose of the second extraction was to follow the completeness 
of the first extraction to be checked. 

The nonvolatile residue and total chlorine in the crude tissue extracts were 
measured using gravimetric and microcoulometric procedures. The results are 
presented in Table 9. Significantly less nonvolatile residue was extracted 
from the exposed fish than from the controls (P<0.05 with a t test). Although 
the differences are statistically significant, it has not been determined 
whether they are treatment related effects or simply deviations resulting from 
the small subsample size used in the analysis. This will become clearer as 
additional samples are processed. A significant amount of chlorine was also 
present in the second extraction, suggesting that longer extraction times or 
more polar solvents should be used to extract these tissues. Another possi
bility that must be considered when reviewing the chlorine data is that the 
measured levels are biased high by interference from other sample components. 
Interference from the sample solvent has been observed and the data have been 
corrected for this effect. Large quantities of nitrogen or sulfur in the 
sample might also cause positive interference. A laboratory evaluation of 
possible interferences should be made since reliable information on interfer
ing substances is not available. 

A rough separation of the components in the extracts according to molecular 
weight was then made using gel permeation chromatography. Four milliliter 
aliquots of the crude extracts of exposed and control fish were chromatographed 
on a 1 x 28 em column packed with Bio-Beads SX-2, 200-400 mesh, and eluted with 
dichloromethane pumped at 2 ml/min. Ten milliliter cuts of the column eluate 
were collected over a period of 200 minutes using an automatic fraction 
collector. 
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TABLE 9. Characterization of Crude Extracts 

1st Extraction: 

Nonvolatile residue, mg/g tissue 
Total Chlorine, ]Jg/g tissuea 

Total Chlorine after drying and 
reconstituting, ]Jg/g tissue 

2nd Extraction: 

Nonvolatile residue, mg/g tissue 
Total Chlorine, JJg/g tissuea 

Sum of 1st and 2nd Extraction: 

Nonvolatile residue, mg/g tissue 
Total Chlorine, ]Jg/g tissuea 

Control 
(2B) 

255.1 

134 

118 

2.5 

72 

257.6 
206 

Exposed 
(3A) 

143.1 

165 

141 

1.4 
56 

144.8 
221 

a Values are averages of four replicate determinations 
and are corrected for the solvent blank. The standard 
deviation for the chlorine measurements is estimated 
to be 7 JJg/g tissue. Organic and inorganic chlorine 
are included in these measurements. 

Fractions obtained from the first column separation were characterized by 
their nonvolatile residue content, total chlorine (after evaporation of the 
dichl oromethane solvent), and ultraviolet absorption spectrum. Results of 
these measurements are summarized in Figure 8A and B for control and exposed 
fish, respectively. Most extracted solids elute in the early fractions 
(2-6) and thus are relatively high molecular weight . Recoveries of the 
sample by summing the weights of the residues in the column cuts from the 
column were estimated to be 104•L and 70% ·?or exposed and control fish, 
respectively. Fractions 3-7 show significa~t absorbance at 270 nm (AMAX) 
which is indicative of aromatic compounds . These compounds should be 
lipophilic substances of intermediate molecular weight. Fractions 5-8 
contain the largest weight percent chlorine and w2re, therefore, combined 
for further fractionation . Other fractions have been stored for later 
a11alysis. 

Selected fractions were concentrated by evaporating the dichloromethane and 
taking the residues up in 200 ]J l of benzene (Burdick-Jackson). The benzene 
solutions were chromatographed on a 30M OV-101 glass capillary column pro
grammed from 40°C to 230°C using an electron capture detector. Peaks observed 
in the chromatograms 0f fractions from exposed fish were also present in 
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chromatograms of the controls, but both chromatograms were dominated by back
ground arising from the large volume of solvent used in the sample work-up. 
GC/MS work to look for differences in trace components that are lost in the 
background in EC chromatograms remains to be performed. 

An alternate extraction procedure was developed to overcome the problems 
encountered in the initial work due to the variable moisture content of the 
tissues and high levels of electron capturing impurities introduced by the 
solvents. An attempt was made to control the water content of the sample by 
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grinding the tissue with a larger amount of sodium and sul fate than was pre
viously used (4:1 instead of 2:1, sodium sulfate to tissue by weight). How
ever, a significant amount of the salt dissolves when polar solvents are used 
for the extraction, and the salts tend to reprecipitate and plug the gel 
permeation column used in the subsequent fractionation step. Both the moisture 
and salt problems can be avoided by freeze drying the tissue prior to extrac
tion. This procedure has been adopted for the tissue assays. Freeze dried 
tissues are then soxhlet extracted using n-pentane, diethyl ether , acetone, 
and methanol in that order. The extractions are carried out for approximately 
24 cycles with each solvent . Extracting with these solvents also avoids the 
high background observed in chromatograms of samples prepared using dichloro
methane for extraction and separation. 

Exposed and control rainbow trout were chopped, freeze dried, and sequentially 
extracted with 100 ml of each of the four solvents. The methanol extraction 
was carried out twice to check for completeness of extraction since a large 
amount of material appeared to be extracted by this solvent. Approximately 
26 grams of control fish and 24 grams of exposed fish were used. Control and 
exposed littleneck clams were treated in the same manner, although 126 grams 
of each were extracted. 

Crude extracts of the rainbow trout and littleneck clam tissues were then 
examined by gas chromatography using a 60 M SE54 glass capillary column and 
both flame (FlO) and electron capture (EC) detectors. Column temperature 
was held at 80°C for 5 minutes after injection and then programmed to 240°C at 
4°C/min. Comparison of the FlO and EC traces suggest the presence of several 
halogen containing compounds, but there were no qualitative differences between 
the chromatograms from control and exposed fish . Further separation and 
analysis of these tissue extracts is planned. 

Chloroform is known to be the major by-product of chlorination of fresh 
water, but it would probably be lost during freeze drying of the tissues and 
would elute too rapidly from the gas chromatograph to be detected under the 
conditions used for characterizing the tissue extracts. Therefore, a separate 
analysis for chloroform in rainbow trout tissue was made by adapting a procedure 
reported by Bush et al. (1977) for chloroform in v:ater samples. 

A single fish was weighed and sl iced into several strips while frozen . The 
tissues were placed i nto a 120 ml septum cap bot t l e contai ni ng 15 ml of hi gh 
purity water which had been boiled to remove chloroform residues; 5 g of 
sodium chloride was added to the vial, the vial was capped, heated at 100°C 
for 1 hour, and the headspace analyzed for chloroform by gas chromatography on 
a Chromosorb 101 column operated at 150°C using an EC detector. The peak in 
the chromatogram with the same retention time as chloroform is calculated as 
chloroform, although the possibility of a second substance with the same 
retention characteristi cs bei ng present in the samples cannot be ruled out at 
this time. The results are summarized in Table 10 . A high level of chloroform 
was found in the tissues, but there is no difference between exposed and 
control fish . The absence of a difference in levels between the two groups is 
not surprising considering the chloroform level in the control aquarium water 
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TABLE 10. Estimated Chloroform in Rainbow Trout Tissue 

Exposed (3A) Control {2B) 

Fish Weight, CHCl3, 
grams ng/g tissue 

Fish Weight, CHCl3, 
grams ng/g tissue 

3.88 187 3.08 239 
5.70 103 6.43 85 
3.17 252 5.35 177 
6.57 85 6.22 78 

5.26 60 
-
X = 137 -

X = 145 
a = 80 a = 77 

was approximately one quarter the level found in the treated water. The 
identity and concentration of chloroform in the tissues of exposed fishes will 
be confirmed by GC/MS. 

1.2.2 Analysis of Tissues from Bromoform Uptake and Depuration Studies 

A procedure was developed for the analysis of bromoform in the tissues of 
marine animals in order to study the uptake and d~puration of this substance. 
Tissue samples are homogenized in water at 0°C and diluted with enough water 
to obtain a concentration of approximately one gram of tissue per 10 ml of 
tissue suspension. Ten to 20 ml aliquots of the aqueous tissue suspension 
are extracted with two 5 ml portions of hexane containing 1 ,3-dibromopropane 
as an internal standard. The microliter samples of the hexane solution are 
injected into a gas chromatograph fitted with an 18" Porapak Q column and a 
63Ni electron capture detector. The column is operated isothermally at 
185°C. The limit of detection of this procedure is 0.5 ppb and the coefficient 
of variation ranges from 1% at the 1 to 8 ppm level to 3% at levels below 
0. 1 ppm. 

Littleneck clams from Sequim exposed to seawater containing 1 ppm and 10 ppm 
bromoform have been analyzed using this procedure. Preliminary examination of 
the data suggests that bromoform levels in the tissues equilibrate within a 
few days after initiation of exposure, and that depuration is very rapid. 
Examination of the chromatograms also indicates the presence of one or two 
other electron capturing compounds which appear to be related to the bromoform 
exposure. Identification of these materials by mass spectroscopy is in progress. 
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1.3 ANALYSIS OF HALOFORMS IN BIOASSAY WATERS 

1.3 .1 Analysis of Chloroform 

Chloroform levels in water from the freshwater bioassays were determined by 
gas chromatography. One microliter samples of water or water diluted with 
methanol were injected directly onto an 18 inch Porapak Q column operated 
isothermally at 130°C and the chloroform content was measured with a 63Ni 
electron capture detector. Standards ranging from 4 x l0-9 to 4 x l0-5 g 
CHC1 3/ml were run with each set of samples. The method is not linear over the 
entire calibration range so sample values must be calculated using standards 
of similar concentration. Analysis of spiked samples showed no bias in the 
method when aqueous samples are kept cold and tightly sealed to prevent loss 
of chloroform. If samples must be stored, dilution with methanol is recom
mended to reduce the rate of loss of chloroform. The limit of detection of 
this method is approximately 5 x lo-10 g CHC1 1/ml water and the coefficient of 
variation has been estimated at 3% over the entire calibration range. 

1.3. 2 Analysis of Bromoform 

Samples collected at the Daytona Laboratories are shipped in 60 ml glass 
bottles completely filled with sample. Samples were refrigerated and analyzed 
when received at the Sequim Laboratory. The analytical procedure consisted 
solvent extraction with hexane followed by gas chromatographic analysis. From 
1 to 10 ml of sample were extracted with 10 ml of hexane, depending on concen
tration of bromoform. Analysis was performed using a 30 meter OVlOl capil l ary 
chromatographic column held isothermally at 85°C. 1,3-Dibromopropane was 
added as an internal standard. Detection was by electron capture. A recovery 
study was conducted on some samples prepared by addition of known amounts of 
bromoform in methanol to seawater. The results are given in Table 11 . 

TABLE 11 . Recovery of Bromoform from 60 ml Samples 

Sample Tota 1 
Concentration Total Recovered {ug) 

(ppm) Added (ug) I II III Avg. SP % -- -
0.1 6.0 5.8 5.7 5.9 5.8 ± 0.1 96.7 

1.0 60.0 53.2 51.4 54.3 53 .0 ± 1.5 88.3 

10 .0 600.0 542.0 547.5 566 .7 552.1 ±13.0 92.0 
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Bioassay experiments at the Sequim Laboratories were generated prior to 
installation of an electron capture chromatographic detector. Hence, these 
samples were analyzed using a flame ionization detector. Because of the much 
lower sensitivity of this detector to bromoform, much larger sample to hexane 
extraction ratios were employed. Nine hundred milliliters of water sample 
were extracted with 25 ml hexane in all cases. The chromatographic analysis 
was conducted similarly to that of the Daytona samples except that no internal 
standard was used. The larger sample to solvent ratios resulted in poorer 
recoveries of bromoform from the sample as shown in Table 12. 

TABLE 12. Recovery of Bromoform from 900 ml Samples 

Sample Total 
Concentration Total Recovered (ug} 

(ppm) Added (ug} I II I I I Avg. SP % 

0.1 100.0 65.8 71.9 64.5 67.4 ± 4.0 67.4 
1.0 1000.0 752.7 733.7 739.5 742.0 ± 9.7 74.2 

10.0 10,000.0 6624.3 6355.1 6530.3 6503.2 ±136.6 65.0 
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2. FRESHHATER BIOLOGY 

Objectives of the biological studies are to investigate immediate and relatively 
long-term effects of chlorination by-products on rainbow trout (Salmo gairdneri) 
including pathways of action and toxicity. Two chronic, 6 month, chlorination 
by-product bioassays with rainbow trout were conducted. Acute toxicity tests 
of chloroform, the predominant chlorination by-product produced in freshwater, 
are underway on four species of freshwater fish: rainbow trout, bluegill 
(Lepomis macrochirus), largemouth bass (Micropterus salmoides) and channel 
catfish (Ictalurus punctatus). Radioactive chlorine is used to trace the path 
of chlorine and/or chlorination by-product bioaccumulation in rainbow trout 
during short-term (1-3 day) exposures . 

2.1 CHRONIC CHLORINATION BY-PRODUCT EXPOSURES 

The second six month chronic chlorination by-products study of rainbow trout, 
was completed in September 1978 . The exposure system (Figure 9) was designed 
to maximize production of chlorination by-products at chlorination levels of 
1-2 ppm under a temperature regime which could be expected to occur during the 
transit of water through a power plant cooling tower system and discharge pipe 
or canal. Chlorinated and unchlorinated river water were proportionally mixed 
to produce the maximum test concentration of approximately 0.02 ppm total 
residual chlorine (TRCl) which is considered the 100% test group. The four 
other test groups were based upon dilutions of 75%, 50~ , 25% and 12% of the 
100% test concentration and a control. 

Initially, two hundred fish were randomly selected and placed in each duplicate 
aquarium for each test concentration (Figure 9). The sequence of test concen
trations was selected from a random numbers table. A subsample of 200 fish 
was taken from the bioassay stock to determine initial fish size. 

Initial biomass of fish was within the acceptable range of less than 2 to 
3 liters of water per gram of fish per day in accordance with Sprague (1973). 
A subsampling regime was established to maintain the level of biomass below the 
2 to 3 liters per gram of fish/day (Table 13) to optimize the growth conditions 
and health of the stock during chronic bioassays. Subsamples from each 
aquarium were removed at four week intervals throughout the six months of the 
bioassay. Subsamples are used in bioaccumulation studies of chlorination 
by-products as well as in studies of sublethal changes. 

Mortality rate throughout the test (Table 14) was low, less than one fish per 
week. Overall, mortality appears to decrease with increasing concentrations. 
This may be due to a prophylactic effect of the chlorination by-products. 

Results of morphological measurements of fish from each subsample are given in 
Tables 15, 16 and 17 . Comparison between test groups for each subsample reveals 
little difference in mean and range for fork length, weight and condition factor 
at each subsample. An increase in both length and weight with time was found, 
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TABLE 13. Fish Subsampling Scheme for the Second Chronic Chlorination 
By- Product Bioassay Beginning t1arch 15, 1978a 

Subs ample 
Subsample Schedule Subsample Fish Remaining 

Number (weeks) Size For Next Period 

1 4 25 175 
2 8 25 150 

3 12 25 125 

4 16 35 90 

5 20 30 60 
6 24 30 30 

7 28 30 0 

a. Total fish per aquari urn = 200. 

as expected . Also, a predicted decrease in condition factor was found with 
successive subsamples resulting from body proportion changes as juvenile fish 
mature. Juvenile salmonids characteristically have a higher condition factor, 
larger head/body ratio and length to weight ratio than adult fish. Comparisons 
of condition factors as an indication of an effect of test concentration are 
not valid for fish of different ages. Condition factor is only useful to 
indicate an effect on juvenile fish of the same age. 

Given the time and exposure conditions of the experiment, there was no appar
ent chronic effect of chlorination by-products on mortality or growth. There 
is evidence of behavioral changes resulting from chronic chlorination by
product exposures. Further work should be conducted to quantify and to closely 
define behavioral changes and to determine effects on reproduction resulting 
from chronic chlorination by- product exposures. 

2.2 CHLOROFORM STUDIES 

Chloroform was identified during the first year of the program as the major 
freshwater chlorination by- product produced. One of the objectives of the 
second year of study was to conduct acute toxicity tests of specific chlori
nated or haloginated by-products. Four species of fish (rainbow trout , blue
gill, largemouth bass and channel catfish) were chosen for the acute (96-hr) 
toxicity te~ts of chloroform because of their economics and ecological signifi
cance in regions with existing nuclear power plants. 
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TABLE 14. Rainbow Trout Mortalities During the 2nd Chronic Chlorination 
By-Product Exposure, March 15- September 27, 1978 

Subsample Marta 1 i ty Rate 

Test Group Aquarium 1 2 3 4 5 6 7 Total (Fish/week) 

0 % 2A 0 0 0 0 0 1 0 0.04 
2B 1 4 0 17 14 30 2 68 2.43 
I: 4 0 17 14 31 2 69 1. 23 

12. 5~ lA 0 1 2 31 4 5 0 43 1. 54 
lB 0 3 0 0 2 1 0 6 0. 21 
I: 0 4 2 31 6 6 0 49 0.88 

25 % 6A 0 0 7 0 0 9 0.32 

6B 0 2 4 3 0 0 1 0 0.36 
I: 1 2 5 10 0 0 19 0.34 

50 % 4A 0 0 2 5 0 0 8 0.29 
4B 0 0 2 5 1 0 0 8 0.29 
I: 0 0 4 10 0 0 16 0.29 

75 % SA 0 0 3 2 0 0 6 0. 21 
SB 0 0 0 5 0 3 0 8 0.29 
I: 0 0 8 2 3 0 14 0.25 

100 % 3A 0 1 1 2 0 0 5 0.18 
3B 0 0 0 5 24 1 31 1.11 
I: 0 1 1 6 26 1 36 0.64 
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TABLE 15. Fork Length in Centimeters of Rainbow Trout Chronically 
Exposed to Chlorination By-Products in 1978 

Subsample 1 Subsamp1e 2 Subsample 3 Subsample 4 Subsamp1e 5 Subsamp1e 6 

Test 
Group 

0 ::; 

1?..5' 

25 % 

50 % 

75 % 

100 ~ 

Aquarium 
Number 

ZA 

26 

E 

lA 

1 B 

6A 

66 

4A 

46 

t 

SA 

56 

3A 

36 

Initial Size 

n 

23 
32 

55 

26 

23 
49 

24 

18 
52 

24 
15 

39 

22 

19 

41 

23 

22 
45 

200 

n = number of fish sampled 

x = mean 

s = standard deviation 

X 

5.7 

5.5 

5.6 

5.P. 

~.9 

5.8 

5.7 
5.4 

5.6 

5.6 
5.9 
5.7 

5.5 
5.6 
5.5 

5.6 

5.8 

5.7 

5.6 

s 

0.5 

0.5 
0.5 

IJ. () 

0.·1 

0.5 

0.4 

0.5 

0.5 

0.4 

0.4 
0.4 

0.5 
0.3 

0.5 

1) . 5 

0.5 

0.5 

0.4 

X 

5.9 

5.9 
~.Q 

5.n 

5.9 
5.8 

5.8 

6.1 

5.9 

5.8 

6.0 

5.9 

5.8 
5.9 

5.9 

6.3 

6.0 
6.1 

s 

0.6 
O.b 

0.6 

o. 7 

0. ~ 

1).6 

0.4 

0.6 

0.5 

0.6 

0.7 
0.6 

0.6 
0. 7 

0.6 

0.8 
0. 7 

0.7 

x 
G . ~ 

6.7 

6.5 

6 ., .. 
5.3 

6.4 

7.0 

6.7 

6.9 
6.8 

6.8 

6.8 
6.7 

6.7 

6.7 

6.9 

6.8 

_L 

0.8 

0.'' 
0 . ~l 

0.9 

o.s 
0 .8 

0.9 

1.0 

1.0 

1.2 

0.8 
1.0 

0.8 

0.8 

0.8 

1.0 

1.2 
1.1 

X 

7.0 
2.3 

6.7 

6. 9 

6.9 
6.9 

6.7 
6.6 

6.7 

6.7 

6.8 

6.8 

6.6 

6. 5 

6.5 

6.8 

6.8 

6.8 

..L 

0.9 
0.6 

0.9 

0.9 
0.9 

0.9 

1.0 
1.1 

1.0 

0.8 
1.2 

1.0 

0. 7 

1.0 

0.9 

1.1 

0.9 

1.0 

X 

7. 8 

r..2 
8.0 
7.8 

7.3 

7.5 

6.9 

7.1 

7.0 

7.3 
7 .o 
7.1 

8.2 
7.1 

7.3 

7.8 
8.3 

7.9 

_s_ 

1. 75 
2.07 

1. 86 
1. 59 

1.60 

1.60 

1. 22 

1. 39 

1. 29 

1. 24 
1.43 

1. 35 

2.79 

1. 55 

1.83 

1.45 
1.19 

1.40 

.. 

2._ 

8.4 

7. 9 

8.3 

8.5 

8.5 
8.5 

8.2 
. 8.4 

8.3 

8.9 

8.5 
8.7 

9.1 

8.3 

ll.7 

8.5 

fl. 1 

8.3 

.. 

.2 

1.3 
1.0 

1.3 

1.6 

1.4 
1.5 

1.7 

1.3 

1.5 

1.4 

1. 7 

1. 6 

1.3 
1.4 

1.4 

1.6 
1.0 
1.4 

Subsamp1e 7 

X 

9.7 

10.2 
9.9 

9.9 
9.6 

9.8 

9.5 
9.3 

9.4 

9.8 

9.2 

9.5 

9.7 

9.7 
9.7 

9.4 

9.9 

9.7 

1.6 
1.5 

1.6 

1.7 

1.8 
1.7 

1.4 

1.8 

1.6 

1. 7 

1.6 

1.6 

1.1 

2.0 
1.6 

1.5 
1.7 

1.6 
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1.0 

Test 
Group 

0 % 

12.5% 

25 % 

50 % 

75 % 

100 % 

Aquarium 
Number 

2A 
28 

r 

lA 

18 

E 

6A 

68 

E 

4A 

48 
l: 

SA 

58 

r 

3A 

38 
r 

Initial Size 

_ n_ 

30 

21 

51 

30 

29 

59 

31 

30 

61 

28 

29 

57 

30 

28 

58 

30 

31 

61 

200 

n = number of fish sampled 

x = mean 

s = standard deviation 

.. ... 

TABLE 16. Weight in Grams of Rainbow Trout Chronically Exposed 
to Chlorination By-Products in 1978 

Subsamp1e 1 Subsample 2 Subsamp1e 3 Subsamp1e 4 Subsample 5 Subsamp1e 6 Subsamp1e 7 

L. _s_ 
£.44 0.79 

2.20 0.66 

2.30 o.n 

2.20 0.76 

2.~7 0.63 
2.38 0.74 

2.42 0.67 

l. 92 0. 55 

2.20 0.66 

2.19 0.57 

2.56 0.58 

2. 34 0. 60 

2.06 0.84 

2.12 0.36 

2.09 0.66 

2. 79 2.01 

2.43 o. 78 

2.61 1.53 

1.67 0.40 

_x_ -~ 

2.53 0.'!7 

2.45 1.0~ 

2.5Q 0.91 

2.43 1.18 

2.39 0.67 

2.41 0. 94 

2.48 0.67 

2. 86 1.08 

2.67 0.90 

2.47 

2.95 

2.72 

2.42 

2.74 

2.58 

3.13 

2.70 

2.90 

0. 79 

l. 53 

1.24 

0.80 

1.20 

1.02 

1.27 

1.13 

1.22 

i 

~ .18 

!.~3 

3. ~ I 

3.25 

2.99 

3.08 

3.21 

4.78 

3.76 

4.22 

3.89 

4.06 

3.79 

3.62 

3.71 

3.90 

4.34 

4.11 

_s_ 
1.19 
J.(,q 

1.0 

1.63 

1.29 

1. 43 

1. 35 

2.00 
1. 78 

2.83 
1.49 

2.24 

1.44 

1.40 

1.41 

1.95 

2.72 

2.33 

x _s_ 
4.40 1.93 

3.09 I. 21 

3. 90 1.80 

4.22 1.85 

4.11 1.87 

4.12 1 .84 

4.49 2.29 

4.42 2.53 

4.46 2.38 

_x_ 

7.37 

8.38 

7.76 

6.64 

5.93 

6.26 

5.01 

5.60 

5.28 

4.39 

5.02 

4.69 

1 .86 5.83 

4.08 

4.00 

4.04 

4.21 

4. 77 

4.47 

3.28 5.56 

2.63 5.68 

1. 50 7. 36 

1.95 6.07 

1. 68 6. 32 

2. 33 7.12 

2.37 8.27 

2.34 7.31 

. .L 2.... 2 
5.73 8.61 4.32 

6.23 7.92 3.21 

5.86 8.51 4.15 

3.78 9.42 5.48 

4.42 f\.76 4.27 

4 . 1 0 9. 08 4 . 86 

3.33 8.95 5.71 

3.85 9.53 4.25 

3.54 9.25 4.97 

2. 91 

4.13 

3.60 

10.38 

9.44 

9.87 

5.55 

5.52 

5.50 

_x_ 

12.88 

14.24 

13.44 

13.26 

12.66 

12.96 

12.58 

12.41 

12.50 

13.98 

11.85 

12.90 

4.99 

5.86 

5.63 

11.36 

8.96 
4.63 12.69 

3.95 

3.29 

3.82 

10.18 

8.90 

7.42 

8.24 

4.39 13.79 

4.63 13.22 

5.51 11.72 

2. 70 14.17 

4.51 12.96 

_s _ 
6.18 

6. 51 

6.29 

6.67 

7.18 

6.87 

5.80 

7.62 

6. 70 

8.85 

6.60 
7.79 

4.05 

8.86 

6. 77 

6.44 

7.22 

6.90 
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TABLE 17. Condition Factorsa for Rainbow Trout Chronically 
Exposed to Chlorination By-Products in 1978 

Test 
Group 

0 ' 

12. St 

25 2: 

50 % 

75 1 

Aquarium 
~ _n_ 

2A 31 

28 5 

t 36 

lA 25 

1 B 27 

52 

6A 28 

68 30 

r 58 

4A 

48 

SA 

58 

t 

25 

30 

55 

29 

28 

57 

Subsamp1e l 

!... _s_ 
1.26 0.08 

1.26 O.O<l 

1.26 0.86 

1.10 ll. l 'l 

1. 31) 0.10 

1.19 0.15 

1.25 0.11 

1.19 0.10 

1. 22 0 0 11 

1.25 0.13 

1.23 0.07 

1.24 0.11 

1.19 0.12 

1.21 0.12 

1.20 0.12 

100% 3A 

38 

l: 

30 1.70 1.88 

24 1.22 0.12 

54 1.46 1.35 

lni t i a 1 Size 200 1.08 0.09 

a w 
Condition factor • -;; 

n = number of fish sampled 

x = mean 

s = standard deviation 

Subsamp1e 2 

_'!.__ -~-

1.21) 0.14 

1.16 0.12 

1.18 f), 13 

1 .13 0.14 

1.17 I), 11 

1.15 0.12 

1. 22 0. ()9 

1.?.3 0.10 

1.23 O.OQ 

1.20 0.07 

1.26 0.27 

1.23 0.10 

1.19 0.10 

1.25 0.20 

1.22 1).16 

1.19 0.13 

1.22 0.11 

1.21 0.12 

Subsamp1e 3 

_i__ 
J .11: 

1.\0 

1.11 

1.13 

1. '1 
l.IR 

1.13 

1.17 

1.15 

1.17 

1.17 

1.17 

1.16 

1.17 

1.16 

1.18 

1.18 

1.18 

.. L 
0.06 

0.09 

0.011 

o.ur, 
0.10 

0.09 

0.10 

0.07 

0.08 

0.09 

0.05 

0.07 

0.09 

0.08 

0.09 

0.08 

0.09 

0.08 

Subsamp1e 4 

.!.... _s_ 
1.23 0.09 

1.20 0.14 

1.21 0.11 

1.21 0.10 

1.19 0.10 

1.19 0.10 

1. 39 0.17 

1 0 38 0.15 

1 0 39 0.16 

1 0 36 0.10 

1.46 0.13 

1.41 0.13 

1.39 0.11 

1. 37 0 0 17 

1.38 0.14 

1.20 0.12 

1.42 0.17 

1.30 0.18 

Sub~-~2. 

.L 
1. 32 

1. 31 

1. 32 

1. 28 

1. 30 

1 0 29 

1. 34 

1.40 

1. 36 

1.40 

1.44 

1.42 

1. 32 

1.42 

1.40 

1.35 

1.42 

1. 36 

_s_ 
O.O'l 

0.12 

0.09 

0.15 

0.13 

0.14 

0.17 

0.11 

0.15 

0.14 

0.22 

0.19 

0.38 

0.12 

1).19 

0.10 

0.12 

0.11 

Subsamp1e 6 

!.... 
1.37 

1. 54 

1.39 

1.37 

1.32 

1. 34 

1.41 

1.47 

1.44 

1.35 

1. 37 

1. 36 

1.44 

1.43 

1.44 

1.32 

1.34 

1. 33 

_s_ 
0.08 

0.?9 

0.14 

0.12 

0.12 

0.12 

0.16 

0.14 

0.15 

0.15 

o. 13 

0.14 

0.10 

0.12 

0.11 

0.10 

0.10 

0.10 

.. -

Subsamp1e 7 

..L 
1.32 

1.29 

1. 31 

1 0 27 

1.30 

1. 28 

1. 37 

1.40 

1. 39 

1. 37 

't:38 

1. 37 

1.34 

1.31 

1. 3~J 

1. 33 

1.32 

1. 32 

_s_ 
0.13 

0.06 

0.10 

0.09 

0.20 

o. 15 

0.09 

0.10 

0 :09 

0.09 

0.10 

0.10 

0.06 

0.08 
0.07 

0.07 

0.08 

0.07 

.· 
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The toxicant delivery system for the acute chloroform studies (Figure 10) was 
constructed to saturate water with chloroform in a flow through contact column. 
Several problems were encountered due to the chemical properties of chloroform. 
Chloroform is an excellent solvent, and dissolved several types of tubings. 
Also, chloroform i·s viscous compared to water, thus a Marriot bottle metering 
system did not function adequately. Ultimately, a pumping system was designed 
to meter the chloroform to a glass column where water was saturated with chloro
form. Chloroform saturated water was then used as a stock solution and was 
continually replenished and metered to each aquarium with a peristaltic mana
stat pump. The toxicant delivery system was designed to minimize turbulent 
mixing and bubbling which may reduce the chloroform concentration in water. 
Chloroform samples were collected and analyzed the same day. Samples were 
collected at least twice each bioassay, at the beqinning and near the end. 
Variability with time of chloroform concentration in each aquarium was deter
mined by daily chloroform measurement. Daily variations were found to be 
within the variance between multiple samples from a single aquarium. Chloro
form samples were analyzed on a Hewlett Packard-5830 gas chromatograph~ with 
an 1811 porapak Q column operated at 185°C and using a 63Ni electron capture 
detector. 

Preliminary results with bluegill indicate a 96-hour LC50 of 17 ppm with 95% 
confidence interval of 15 ppm to 19 ppm chloroform. The toxicity threshold 
appears to be relatively sharp with bluegill with a slope of the concentration 
versus per cent mortality of line of 0.10 ppm CHCl3/% mortality. 

A later acute toxicity test demonstrated a prophylactic effect of chloroform 
on Columnaris disease (Flexibacter columnaris). The stock of test fish showed 
no obvious signs of columnaris two weeks prior to the initiation of the third 
96-hour toxicity test. During the second day of the third 96-hour test the 
mortality rate in the control aquarium was extremely high resulting in complete 
mortality within 48 hours. Each mortality was examined for evidence of 
columnaris disease. Columnaris was found in the control and the two low chloro
form concentrations of 12.0 and 13.6 ppm. In the two highest chloroform concen
trations, 17.1 and 14.9 ppm, no mortalities occurred during the first three 
days. Chloroform toxicity in earlier bioassays with bluegill occurred primarily 
during the third and fourth days. Thus, mortality early in the test and at low 
chloroform concentrations can be attributed to columnaris disease. Examination 
of all test fish in all concentrations indicated no columnaris infection of the 
gills in two test concentrations of 17.1 and 14.9 ppm. An examination of the 
unexposed bluegill holding stock indicated a low level columnaris infection. 
Apparently the stress of handling fish prior to the outset of the bioassay was 
sufficient to trigger an outbreak of the disease. Chloroform concentrations 
greater than 14.9 ppm were sufficient to inhibit or reduce the columnaris 
infection. 

Acute toxicity tests with juvenile rainbow trout indicate a 96-hour LC50 between 
22 and 15 ppm chloroform. As with bluegill, there appears to be a threshold 
effect of chloroform with rainbow trout. There was either nearly 100% mortality 
or 100% survival in concentrations differing less than 2 or 3 ppm during each 
bioassay. 

~Use of brand name does not constitute endorsement by Battelle Memorial 
Institute 
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There was an obvious behavioral difference between controls and fish in high 
chloroform concentrations. In concentrations of chloroform near 20 ppm or 
greater, rainbow trout remain near the surface exhibiting what we describe as 
11 escape behavior 11

• Fish swim with their noses out of the water, presumable to 
avoid contact with cholorform. Frequently a fish will swim quickly in random 
directions hitting the tank cover and walls. This intense activity is followed 
by loss of equilibrium. Ourinq the first rainbow trout chloroform bioassay 
several fish jumped through a l inch hole in the glass cover of the aquaria. 
At levels greater than 13 ppm fish were excitable and easily startled. Sudden 
illumination of the aquaria at night caused several fish to swim in an erratic 
manner in concentrations above 13 ppm. Fish in lesser concentrations of chloro
form were not startled and responded more slowly to the light st1mulation . Fish 
stratification, evident during the day in the high chloroform levels, did not 
occur at night . Loss of equilibrium was not a sign of imminent mortality. 
Fish with loss of equilibrium, slow opercular movement and apparently near death 
on the tank bottom, often revive after a few minutes. Although, loss of 
equilibrium sometimes occurred for as long as an hour. Fish near death often 
exhibited stress marks or patches of dark and light coloring over their bodies. 

The high level of activity noted in approximately 20 ppm chloroform or above is 
similar to a pharmacological effect of anesthetics on humans. The anesthetic 
results in a high level of excitability and physical activity in humans prior 
to unconsciousness. Although slow opercular movement was apparent prior to 
death, it is not clear whether the mechanism of chloroform mortality is retar
dation of respiratory processes resulting in oxygen deprivation. 
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3. MARINE AND ESTUARINE BIOLOGY 

Initial objectives of the marine and estuarine biology studies were to: 

• Determine acute effects of bromoform to selected marine species; 

• Determine bioaccumulation and depuration rates of bromoform by 
selected marine species; 

• Design and operate an exposure system that would provide chlorinated 
seawater samples for use in the identification of halogenated organics 
formed by seawater chlorination and for exposing littleneck clams 
(Protothaca staminea) to chlorinated seawater that had sublethal concen
trations of residual oxidants . Monitor littleneck clams for growth, 
bioaccumulation and histopathological changes related to exposure 
conditions; and, 

• Collect bivalve samples from operating nuclear power stations for 
analysis for halogenated organics and biological effects. 

As research progressed and the Nuclear Regulatory Commission's immediate needs 
shifted, the studies involving the collection of organisms from operating 
nuclear plants were suspended. 

3.1 ACUTE EFFECTS OF BRO~IDFORM TO SELECTED MARINE SPECIES 

Based on the Nuclear Regulatory Commission's needs, the following organisms 
were selected for acute toxicity testing with bromoform. 

Common Name 
Littleneck clams 
Quahaug 
Eastern oysters 
Menhaden 
Brown shrimp 

Scientific Name 
Protothaca staminea 
Mercenaria mercenaria 
Crassostrea virginica 
Brevoortia tyrannus 
Penaeus aztecus 

Coastal Distribution 
Pacific N.W. 
Atlantic 
Atlantic & Gulf 
Atlantic & Gulf 
Atlantic & Gulf 

Initial efforts were directed toward developing a delivery system that would 
provide the necessary seawater flows and bromoform test concentrations . 
Bromoform has physical and chemical properties that presented significant 
problems in designing the delivery system. Its solubility in seawater 
( ~BOO ppm), relatively low vapor pressure, and high density created problems 
when use of a standard diluter/delivery system was attempted. It was difficult 
to obtain sufficient quantities of a seawater/bromoform stock solution at a 
given concentration to operate an exposure system for more than one day 
without involving excessive labor and bromoform costs. Direct mixing of 
liquid bromoform in the aquaria did not work because the bromoform did not 
completely dissolve and; therefore, tended to accumulate on the bottom of the 
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aquaria, at low places in the delivery system's p1p1ng, or volatilize if 
vigorous mixing was used. The final method chosen for bromoform addition was 
to sparge bromoform saturated air into either the exposure tank or a mixing 
tank (Figure 11 and 12). We found that with this method we could maintain 
reasonably consistent concentrations of bromoform over a range suitable for 
testing. This method also reduced the quantities of bromoform and staff time 
required for the 28 day uptake studies. 

In preliminary testing to determine the range of bromoform concentrations to 
be used in detet~nining a 96-hr LC50 to P. staminea, we found that 96-hr tests 
were not practical. At high concentratTons of bromoform, P. staminea closed 
up and stopped pumping seawater. At extremely high concentrations (800 ppm) 
the clams closed and died in the closed position, preventing precise determina
tion of the time of death. This action would reduce exposure to bromoform and 
make the 96-hr LC50 values difficult to interpret. It also appeared that 
concentrations which did not cause the clam to close would not cause mortality 
within 96 hours. We, therefore, decided to run the uptake/depuration studies 
at concentrations that would allow evaluation of the potential for acute 
effects (mortalities) and bioaccumulation under conditions where clams would 
be pumping at apparently normal rates. Target bromoform concentrations 
selected for these tests were 1, 5, 10 and 20 ppm. This range should provide 
a good basis for evaluating the probability of effects in the environment. 
Because of the solubility problems discussed earlier, it was difficult to 
maintain the target concentrations . The actual concentrations are shown in 
Figures 13, 14, 15 and 16. Mortalities occurred at the two highest levels. 
At 27 ppm bromoform, mortalities occurred on day 7 and day 25. At 19 ppm 
bromoform, mortality occurred on day 25. At this time, we do not have an 
explanation for the apparent synchrony in mortality. In the 27 ppm test 
group, mortalities occurred 4 days after peak concentrations occurred in the 
exposure tanks. In the 19 ppm bromoform test group, mortality occurred after 
a peak, but there were other peaks that were not followed by mortalities. 
These mortalities, plus the behavior exhibited by other test organisms, which 
will be discussed later, suggest a threshold phenomenon. In this case, the 
bromoform is building up in the organisms and, based on several factors such 
as individual sensitivity, lipid content and pumping rate, exposure to the 
higher levels causes mortality in "all-or-none" fashion . 

The acute tests with P. aztecus resulted in a calculated 96-hr LC50 of 26 mg/1 
with a 95% confidence interval between 33 mg/1 and 20 mg/1. In these tests 
the shrimp exhibited interesting behavior. At bromoform/air flow rates pro-ucing 
ducing 19 mg/1 bromoform and above, an avoidance response to the bromoform 
source occurred within 60 seconds of exposure . At flow rates delivering 
31 mg/1 and above, a narcotic- like effect (the shrimp were observed lying on 
their sides on the tank bottom with their abdominal appendages undulating) 
occurred within 120 minutes and continued throughout the experiment or until 
death. 
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For~· tyrannus, the calculated 96-hr LC50 was 12 mg/1 with a 95% confidence 
interval between 15 mg/1 and 9 mg/1. Menhaden exhibited a narcotic effect as 
did the shrimp. At the higher concentrations they would lose equilibrium, lie 
on their side at the bottom of the tank, opercular movement would gradually 
decrease, and would finally stop with death. 

With Crassostrea virginica and Mercenaria mercenaria 96-hr exposure period was 
inadequate for generating meaningful LC50 data. At concentrations above 
10 mg/1 filtering was reduced. The bivalves closed and remained closed for 
much of the exposure period. At the end of the 96 hour exposure period there 
were no mortalities with either~· mercenaria or f. virginica. However, 
during the 3-day period in clean running seawater immediately following the 
96 hours of exposure to bromoform, mortalities occurred. Based on this latent 
mortality data, the 50~ mortality concentrations for f. virginica and 
M. mercenaria were in the range of 40 mg/1 and 140 mg/1, respectively. 

Results of bioassays indicate that bromoform does not cause acute effects to 
the species tested at concentrations below 1 mg/1. Menhaden were the most 
sensitive, with a 96-hr LC50 of 10 mg/1. Shrimp were next in sensitivity with 
a 96-hr LC50 of 26 mg/1. The bivalves tested had 96-hr LC50s apparently 
above 40 mg/1. These bromoform concentrations are well above those expected 
in power plant discharges based on the findings of Carpenter and Smith (1978) 
and Bean et al. (1978a). They reported bromoform concentrations of 30 to 
350 ppb in seawater that had been chlorinated at a rate of 1 to 4 ppm. This 
is a conversion rate of about 0.02 to 0.08 parts bromoform for each part 
chlorine added. At this conversion rate, chlorine would have to be added at a 
rate of 500 mg/1 to form sufficient bromoform to cause acute effects. At this 
rate of chlorination (unless there is an extremely heavy chlorine demand), the 
residual oxidant will have a much more pronounced effect than bromoform. The 
literature reports that total residual oxidant causes acute effects to the 
tested species in the 1.5 mg/1 to 0.005 mg/1 range (Roberts and Gleeson, 1978; 
Thatcher, 1978; Scott et al., 1978). 

The mortalities noted in the P. staminea 27 mg/1 untake/depuration exposure 
are curious in that they appear to happen at two single points in time. Both 
occurrences were four days after peak exposure concentrations were experienced 
(Figure 16). The first mortality occurred after a peak of 56 mg/1 bromoform, 
and the second occurred after a peak of 76 mg/1 bromoform. Thus, in this 
exposure tank it appears that there may be a threshold concentration above 
which mortality begins. 

t1ortality that occurred in the 19 mg/1 exposure does not fit the pattern found 
at the higher level. The concentration in this system was not as variable as 
in the 27 mg/1 exposure, but there was one period when the concentration 
reached almost twice the average concentration; however, mortality did not 
occur until ten days after this peak. 

Menhaden and shrimp exhibited qualitative behavioral changes at sublethal con
centrations. After 48 hours, juvenile (under 7 em T.L.) menhaden exposed to 
6 mg/1 and 9 mg/1 bromoform exhibited extreme excitation to external stimuli, 
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e.g., loud noises, quick movements or sudden light changes. These stimuli 
would cause the fish to swim quickly in random directions frequently hitting 
the tank walls. In control tanks and at the higher concentrations this 
response did not occur. This excitability continued until the termination of 
the experiment (20 days after the exposure to bromoform). 

The shrimp responded similarly at bromoform concentrations between 0.4 mg/1 
and 6 mg/1. However, at concentrations below 3 mg/1, the response was no 
longer evident within one hour after bromoform addition was stopped. At 
concentrations between 3 mg/1 and 6 mg/1, the response continued for one day, 
at which time the test was stopped. 

These observations are qualitative but completely opposite of the response 
noted for those organisms that eventually died. For these organisms the 
bromoform appeared to act as a narcotic. Both shrimp and menhaden would 
gradually slow down~ lose orientation and eventually stop pleopod or opercular 
movement. For the shrimp, this condition was reversible, in that, if the 
bromoform input was stopped before pleopod motion ceased, the animal would 
recover within a few hours. 

Based on the 96-hr LC50 studies and mortality data from the uptake and depura
tion studies, the potential for acute environmental effects to the species 
studied from bromoform created through chlorination of steam electric station 
cooling waters is minimal. The behavioral responses noted should be considered 
subjective observations that may or may not be related to bromoform exposures. 
To determine if the behavioral responses noted are, in fact, real changes and 
are caused by bromoform, further research will be necessary. 

Bioaccumulation data, which was not available at this writing, will provide 
insights into the potential for long-term effects on food web transfer of 
bromoform via those species that spend significant time in discharge streams. 

3. 1.1 Bioaccumulation and Depuration 

The results of these exposures are discussed in Analytical Chemistry Section, 
l. 2. 2. 

1.2 CHRONIC CHLORINATION BY-PRODUCT EXPOSURES 

A seawater chlorination system was constructed and operated for approximately 
six months to provide seawater samples for analytical chemistry research and 
to provide for bioaccumulation and histopathological analysis. The system 
delivered seawater (which had been heated approximately l0°C above ambient, 
chlorinated and then cooled to ambient temperature) to aquaria - each contain
ing 60 littleneck clams. The chlorinated seawater was diluted with ambient 
seawater to provide tank Total Residual Oxidant (TRO) concentrations of 6, 12, 
25, 50 and 100 ~g/1. A tank receiving only ambient seawater was used for a 
control. The clams were individually marked and length, width, and weight 
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measurements made monthly to determine any significant changes in these para
meters. Also, at one month intervals 8 clams were harvested from each tank, 4 
for later chemical analysis for halogenated organics and 4 for histopathological 
examination. These chemical analyses will be conducted in FY-1979 if the 
bioaccumulation studies with bromoform indicate they are warranted. The 
histopathological examinations will be conducted in FY-1979, starting with the 
specimens exposed for 6 months at 100 ppm TRO. If clams show any morphological 
changes other test groups will be examined. If no changes are evident, a 
specimens will be randomly selected from the other test conditions for examina
tion. Further examination will be dependent on these results. 

An analysis of the effects of the TRO on growth is now being conducted and 
will be completed in the first quarter of FY-1979. 
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