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FOREWORD

The study was initiated at the request of The Sodium Bromide/Bromine Chlorids

Industry Task Force under contract 10 B & B Environmental Services, Inc. on October 10,
19%0. . :

The test program was performed in accordance with the "Protoco! for Testing of the
Effects of Sodium Bromide on the Toxicity of Chlorine to Fresh and Saltwater Organisms.*
(Appendix B) and as amended by Protocol Amendment #1 (Appendix C). The Test
Protocol and Amendment # 1 were agreed upon by The Sodium Bromide/Bromine Chloride
Industry Task Foree, U.S. EPA, and B & B Eavironmental Services, Ine. The only deviation
from the Test Protocal is the expression of oxidant as ueq/L rather than 4g/L oxidant in

the report. The rationale for expressing the oxidants as weq/L rather than 4g/L oxidan: is
given in the report

In addition to the test program specified above, a program war developed by L.
Bongers and W. Furth (included as Appendix A), designed 10 . .mate the relative

environmental impacts resulting from the application of chlorine 2nd bromize for fouling
control

The undersigned cerify that the test program was performed in accordance with the
Test Protocol and Protocol Amendment #1,

Program Management: Date:

W s ins, ' 7-3-9/
" Lecnard H. Bongers, PoD,

2—//4?::@— 3424/
. \\ : /
M 3‘5 2/l
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ABSTRACT

Sodium bromide can be used to convert hypochlorous acid into hypobromous acid.
Simultaneous additon of sodivm brumide and chlorine to water used for powerplant

condenser cooling could significantly reduce chiorine application rates because bromine

oxidants are generated and consi sred more effective ‘or controlling biofouling than
chlorine exidaats.

Since such a change in biofouling control strategy could impact the eavironment, the
biotoxicity characteristics of bromine oxidants were evaluated in L2rms of LCS0 values. In
order to asceriain potential effects of residual bromine oxidants on the envirooment, decay
properties of bromine oxidants were compared 10 chlorine oxidants,

It was found that ia four of six species tested, the bromine oxidants were about twice
as toxic 25 the chlorine oxidants, while for two species the difference in toxicity was five fold.
For continuous evposure to bromine oxidants, the 48-h LCS0 for daphnids and the 76-h

LCS0 for amphipods could aot be calculated becauss significant mor.ality occurred at the
oxidast quantitation limit

Oxidant decay properties were significantly different as well Bromine oxidan
decayed two to five times faster than chlorine oxidants.

Biotoxicity and chemical Sndings ere in general agreement with data published
previously.

Present data suggest that environmental “~=efits may result from the simultaneous
ication of sodium bromide with chlorine for biofouling control as eompared to the

"

ap tion of chlorine without sodium bromid..

Preliminarv computations based on present data indicate that these environmental
benelits may be significant. The anticipated environmental beaefits are attributable to ihe
relatively rapid chernical decay of the bromune oxidants and also to the relatively lower

amount of biocide needed for the same degree of biofouling zor-rol. Further details are
given in Appendix A
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I. INTRODUCTION

Chlorination by wastewater treatment plants and POTWSs to eliminate the discharge

of pathogenic orgarusms and the use of chlorine by electric utilities to irhidit biofouling are
. s ;

widespread pracuices. Laboratory research has shown, however, that chlorine-induced

oxidants are taxic to both freshwater and sairwater aquatic organisms. Due to the relatively

slow decay rate of these oxidants, they may be toxic to aquatic life when discharged into
receiving waters.

'ﬂ:c use of sodium bromide in conjunction with chlorine has besa proposed as an
tive method to routine chlorinztion. When applied with chlorine, sodium bromice

-

chlorous acid (ROC1) to hypobromous amd (HOBr) and sodium
-

latively low bond streagths, bromine residuals exhibit low sta2ility
decay faster. In addition, they are more reactive than chiorine resiculls,
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nt cooling systems.
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Measurements of decay rates in fresh- and in saltwater of chlorine- and
bromine-induced axidants.

ity responses were e"'"sse" as 96-h LCS0 values for all species tested with ¢
daphnids, for which h 48-h LCSO values were estimated. Oxidant @ decays we:
quasi-first order ‘e.-v constants
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The relatively rapid decay of bromine-induced oxidants is another promising feawure
resulting from the simultaneous addition of sodium bromide and chlorine. The combination
of reduced biocide requirements for fouling control and the rapid decay of residual bromine
oxidants may result in a s.enificant decrease in environmental impact. Using toxicity data
for golden shine: and raint.w trout, and oxidant decay values determined as part of the

present study, sample calculations of th2 relative impacts of chlorine and bromine oxidants

were performed. (For details see Appendix A) These calculations indicate significant
reduction in eavironmeantal impact, depending on biocide use for fouling control, and the
relative amount of the riverflow and for condenser cooling.
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. MATERIALS AND METHODS

TEST MATERIALS

Test Speéiu ..

.
--

Toxid 'v tests were performed on four freshwater and two saltwater species. The

freshwater species included two inveriedrates, the daphnid Dapnia magna and the amphipoc
Hyalella axteca, and two fish, the golden shiner Notemigonus erysoleucas and the raindow

wout Oncorfynchus mykdss. The two saltwater species were an invertebrate, the mvs-:
Mysidop . The life stage (leagth anc

yvsidopsis behia, and a fish, the silverside Menidia berylli
weight, where appropn nd the e,mosue cor:d. tons are given o

ppropriate) of each test species
nphipods were obtained from in-Bouse cultures: common shiners
from Perry’s Fish Farm |

Table 1. Daphnids and amphip

arm in Petersburg. VA: and Rainbow trout from the U.S. Fish anc
Wildlife Service's Erwin National Fish Hatchery in Erwin, TN. Mysids were obtained from
Chesaneake Cultures in Haves, VA and silversides from Aquatc Indicators in St Augustis
FL

fyy 9 ol { —~-- . g : B -
jum hypochlorite (Lot #0276), was obtainec t;om Lab Chem
SC‘-‘ o Mrmeso e ) 4 P Tala
, sodiu
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All c':':r.:e stock solutions were prepared from Lot #0276 containin

. To prepare bromine stock solution, sodium bromide '\.\aE:; (rc‘
;':._.‘s NaBr ,)C’ liter. was added to a solution of h

M VL >4
C’\!"\C':.ODC. h\'\ hiarous acid \H C)m‘O h\?OD'O"nous acc
added at s.f times the stoichio—etric

all ¢ conceatrauen Of

.

quation:

HOCI + 1.5 NaBr = HOBr + NaCl + 05 NaBr

Thus. it is reasonable to assurne that a stock solution containing chlorine and sodiu™
mide in the specified ratio will principally contain hypobromous acid, and o

~
A e

10 as chlorine /NaBr mixtur~s of

2 U

ypochlorous acid. (I- the text these solution are referred




Dilution Water

Unchlorinated groundwater from an on-ite deep well was used for aul tests using
freshwater. For saltwater tests, estuaring water rom the adjoining Parrish Creek was used.
Both the freshwater and the saltwater were fliered 1o 1 um and stered in 850 gallon holding
wnks. The water in the holding tanks could be serated and heated (tunium heaters) as
pecessary. For all organisms with the sxcepon of rainbow trout the water temperature was
maintained at 25°C: for rainbow trout the temperature was maintained at 15*C. For all
saltwater tests the salinity of the estuarine water was increased t 20 ppt with Instant
Ocean®. Water quality parameters are recorded in Tables 2 and 3. The groundwater was
also tested for organic priority pollutants: none were detected abeve the level of detection

TEST METHODS

Treatment Conditions

All tests with the exception of rainbow trout, were conducted a1 23°C = 2°C. tests
with rainbow trout were conducted at 15* = i*C. Test temperatures were recorded
and at oo time did the temperature excesC the specified limits. Other

2 and Table 3.

MaS

The test organisms were exposed 10 either chlorine or bromine (i.e, chlorine/NaBr
micure) in a side-by-side fow-through exposure sysiem. This allowed direct toxicity
commarisons berween both oxidants using the same dilution water. All organisms except the
daphnids were exposed for 96 hours. The daphaids were exposed for 48 hours.

) separate tests were conducted on each species. In one test, organisms were
yatiaususly to a dilution series of oxidants. In the second test, organisms were
interminently to a dilution series of oxidant for 40 minutes every 8 hours. The

were maintained in oxidant free conditions for the periods berween exposures.

Initially,

ARABEIPAL

the method of Brooks et al (1989) was used w0 maintain oxidan
oncentratians during the intermitient exposures. These investigators spiked the tanks with
oxidant 1o obtain the desired exposure conceatration. Then, a flow-through toxicant delivery
system was

rurned on to maintaia that concentration during the intermiuent period. At the
end of the peiwe. e toxican: delivery sysiem wWas turned off, and the tanks were flushed
with dils

dilusnt water. This procedure was used for tesis with the daphnids and the golden

shiner, ¢ the rest of the intermittent tests conducted in the present study, the toxican:
delivery », (em was maintzined under constant conditions, while the test chambers,
containing the Organisms, were ransferred berween halogenated test aquaria and non-
halogenated {low-through holding tanks. Immediately {ollowing transfer of the organisms

(SR ‘v
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the holding tanks, the flow rate of diluent water into the tanks was increased to flush any

| residual oxidants (TRO) that may have been transferred from the 'est Quana

The rainbow trout were held in | mm mesh nitex baskets with peiri dish bouom

during the intermittent exposure periods The petri dishes allowed for a small amount of
liquid to cover the fish during trans{ers between treatment con'itions.

The smaller organisms were ** ited in th» continuous expesurs chambers descrided
below and transferred with a glass ladle between treatment. Th's allowed the organisms
1o remain immersed during the transfer. Although both intermitut at procecures produ
good “square-wave® intermirtent exposure conditions, the lauer trinsfer method appeas
more convenient than the spiking procedure.

-
14 3o
Tl R
-

n sdditional continuous exposure study Was concucier 10 compare the toxicit of
chloramines and bromamin~;, .5 daphni - H 34

aphnids and mysids. In these experiments, dilution wa:e
was dosed to 0.3 mg/L. MH,-N with ammonium chloriue pTior 10 delivery to the test sysie™.

it stoichiometric ratio of ammonia to oxidant also used by Brooks et al allows
version of oxidaats into amines. Bio ssavs - aucted with these test selutions arincipaily
luate the biotoxicty of chlors

{ chipramines and bromamines

.
N Y e 21t -

.
¢on
4

va
TRLasS

Exposure System

stinuous flow delivery svstem similar to that used by Vanuerhorst et al (1977)
used to cre ant exposure environment. Water from the diluent holcing
tanks mped t 00 gallon constant head tank located above the exposure wet tadis
The small nperature controlled and a rated. The we: table hoiding (r
eXpOosure aguaria was also temperatur controlied. Diluent water was delivered by gravity
through ineh PVC delivery pipe tuspended above the wet table. Overilow from tne
elivery pipe was diverted back into the large holding tanks. The flow rate through ta
elivery pipe was controlled by both a standpipe in the overhead tank and a PVC valve at
he beginning of the delivery pipe. Excess water not used as dilution water was divensc

-

from the overhead tank 0 the holding tanks through an overflow system. Diluent water wis
delivered from the delivery pipe to the test aquarnia by adjustable glass siphons as shown in
Vanderhorst et al (1977). Each siphon was inserted into a gresn nalgene stopper which was
inserted into a hole drilled into the 4 inch delivery pipe. The flow rate from each siphon
was adjusted to 190 mL/min for all halogenated treatments and 200 mL/min for the control.
Chlorine and bromine stock solutions were delivered at a rate of 10 ml./min to eacn
reatment conditica by Masterflex® pumps. Stocks of various TRO concentrations wers
nade up using reverse Osmosis water in 20 L glass carboys. NaBr was added to the NaCCl
solution. stirred. and allowed to stand in the dark for 1S minutes prior to dosing of the
stocks. The stocks were mixed thoroughly and allowed to stand for 1 to 2h prior 1o use

During the exposure perods. the 20 L carboys were covered with black plastic. New $tock

Page 12 of €9




solutions were made every 24 hours. Glass delivery tubes were inseried through silicone
stoppers to the bottom of the stock bottles. Chiorine resistent Masterflex® tubing (C-
FLEX®) was used to deliver the stock solutions through the pump heads to glass mixing
funnels suspended below the diluent water siphons.  Adter mixing, the halogen

conrentrations were delivered through tygon tubing 10 glass splinters which delivered equal
volumes of treated or control water 10 two replicates per treatment.

The exposure aquaria (9.5 L) contained 7L of solution. Flow into each squaria was
100 mL/min. This allowed for & 909 molecular replacemnent vime of approximately 2.5
bours. All tesws were conducted in these aquaria using the same flow rate. In the
continuous exposure 1esis, daphnids, amphipods, mysids, and silversides were suspended in
glass chambers (S em diameter by 16 cm length) with nalgene screens on the bottoms. The
test chambers were suspended in the test aquaria from a rocker-arm assembly which allowed
the chambers to move vertically through the test aquaris. A complete vertical cycle was
completed every 20 10 25 sec. This increased mixing of fresh toxicant into the chambers
throughout the test Control organisms were suspended in identical baskews. Rainbow trout
and shiners were exposed in the aquaria without chambers. As discussed earlier, chambers

and baskets (trout) were moved berween exposure and holding tanks during the intermittent
exposure tests.

Exposure Protocol

Each test (contnuous or {ntermittent) consisted of five to six treatments per oxidant
plus a control. In the chloramine/bramamine studies an additional ammonia control was
added. Rainbow trout tests were snducted at A temperature of 15°C, while all other tesis
were conducted at 25°C. The light cvele for all the tests was 16 h lighu8 h dark. Qrganisms
were not fed during the tests except for the mysids which require live brine shrimp to
survive 96 hours and amphipods which were fed micro-encapsulated anificial food. Prior
1o the start of each 1est the exposure sysiem was operated undl TRO concentrations in all
test aquaria stabilized. The continuous flow tests were staried by adding organisms to the
stabilized test aquaria. To stan the intermitent exposures for the amphipods, trout, mysids.
and silversides, organisms were added to the exposure chambers in the holding tanks. Al.r
all of the chambers were loaded they were transferred to the test aquaria to stan the
exposure. Alfter 40 min. the chambers were transferred 10 non-halogenated holding tanks.
As discussed above, daphnids and shiners were kept in the test aquaria which were spiked
and continuously dosed for 40 min, after which time chlorine was Dushed from the system.

I the continuous exposure experiments, water samples were waken for TRO analysis
at 1, 2 4, 6 8 10, 1 24, 36, 48, 60, g4, and 96 b TRO measurements for the
intermitient exposures were waken at the beginning and end of e2zh 40 min exposure period.
Organism mortalities were cecorded at 1, 2. 4, 8. 1. 24, 36, 48, T2 and 96 hours for the
continuous exposures, and 3t 1.2 4 8 12 16, 24, and every 8 hours thereafter until the
conclusion of the test. Free available oxidant (FAQ) was measured one time in each test
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treaument during every test. Dissolved oxygen, conductivity of salinity, pH. alkalinity, and
hardness were measured daily in each treatment. Temperature was recorded continuously
in one control replicate in all tests.

During the chloramine /bromamine studies, total ammonia (NH;-N) was measured
in the diluent water holding tanks at the beginning and end of each wnk refill. In addition,

FAO, mono-, and di-halogenated amines were measured in each treatment tank once during
each of these tests.

The bioassay test protocol was consisient with the test guideliaes described in the
Esvironmental Protection Agency’s, "Methods for Measuring the Acute Toxicity of Efluents
10 Freshwater and Marine Organisms® (USEPA 1985), with the exception of temperature,
The test temperature for all species, except rainbow trout. was 25°C rather than 20°C. The
rainbow trout test was conducted at 15°C rather than 12°C.

Measurements of Oxidant Concentration

The amperometric titration method. described in Standard Mezhods, (Me:hod 4500-C
D APHA et al. 1989), was used to determine total residual oxidans (TRO), and iree
available oxidant (FAQ), Fischer Poner amperometric utrators (Model #17T2000) were
used for all measurements. By using the high sensitivity mode, a forward titration, and 2
200 mL sample, TRO quantitations limits were 15 ug/L TRO as chiorine and 34 ug/L TRO
as bromine. With this sample size, 1 mL of PAO (0.00564N phenylarsene oxide) utran:
equals 1 mg/L chlorine equivalents. Samples were analyzed immediately upon collection
10 avoid loss of oxidant due to holding. Total residual oxidant concentrations are presenied
as ug/L (ppb) TRO as chlorine or bromine. LCSO values are reported as ppb TRO as
chlorine and as weg TRO/L for the chiorine exposures and as ppb TRO as bromine and as
weg TRO/L for bromine exposures. The TRO as ppb bromine was calculated by
mltiplying the milliliters of titrant (PAO) used by 225 as described in the Fischer Porter
ntrator manual. LCSO values for the two treatments are compared on 2 seg TRO/L basis.
The concentration of TRO as ppb chlorine and bromine are converied (0 ueq TRO/L by
dividing by 35.5 for chlorine and 79.9 for bromine.

Measurements of Oxidant Decay

These tests were conduc:#d on the freshwater and saltwater used for the bioassay
testing. The effects of sodium bromide on the decay of chlorine-induced oxicants wers
tested at 1.5 umes the stoichiometric concentrauon of chlorine, Ti.e static decay tests were
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made in 2 L Pyrex* beakers at 25°C in the dark. TRO measurements were made
amperometrically by the same procedures described above for the bioassay tests.

Ammonia Measurements

Ammonia (NH,-N) was measured using an ammonia-selective elecirode and an Orion

Mode! 901 Ton Analyrsr. Method 4500-NH, described in Standard Meihods (APHA et al.
1989) was used for the analysis. ' '
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Ol RESULTS
CHLORINE AND BROMINE TOXICITIES

The toxicity data for continuous exposures are presented as L.CSO and as TLCSO for
intermitten: exposures. These toxicity indicators are based on the average oxidant
concentrar.on per wreatment. The LCSO represens the TRO conceatration which is lethal
10 $0% of the test organisms exposed continuously sver the test period The TLCS0
represents the TRO concentration which is lethal to $0% of the test organisms exposed
intermittently for 40 minutes every 8 hours. The continuous exposure C20 values are
based on the average TRO concentrations over the entire length of the test period, while

the TLCSO are based on the average TRO concentration for all of the 40-minute exposure
periods during the test

LCS0 values are calculated from the mortality data in aceordance with EPA Marnual
600/4-85/013 (USEPA 1985). Where possible, the probit method was used. If the
statistical criteria for & probit analysis were not met, an LCS0 value was caicalated by the

moving average angle method. An EPA computer program was used for calculating all
LCS0 values (Stephan 1978).

The results of all toxicity tests are summarized in Table 4, while oxidant
conesatration for all treatment conditions are summarized in Tables § and 6.

From the examination of the results it appears that bromine-induced oxidant are
more toxic than chlorine-induced oxidants when compared on a peg TRO/L basis (see
Table 4). On the other hand, when the comparisons are made on 3 weight basis (i.e.. ug/L)
chlorine-induced oxidants appear more toxic than bromine-induced oxidants in 12 of 14

cases tested. These apparent contradictions result from the difference in atomic weight of
the two agents involved.

We prefer to express toxicity and chemical decay in terms of microequivalents per
liter (ueq/L) for several reasons. One is that neither the speciation mor the relative
cuntribution of individual oxidants to biotoxicity are known: another is that the TRO
measurement method determines TRO concentrations in terms of iodine gguivaleats per
unit volume. And, since there are differences berween the toxicities of chlorine-induced and
bromine-induced oxidants, ang, their rates of decay, it would be misleading to convert TRO
equivalents into either a weight-based chlorine value or 3 weight-based bromine value.

Also. to facilitate estimates of the relative environmental impacts of the two agents

it is more convenient to perform calculations based on TRO values expressed in terms of
chemical equivalents per unit voiume.
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Accordingly, in this report comparisons between the agents will be based on xeg
chlorine TRO/L or weq bromine TRO/L.

Results recorded in Table 4 indicate that for continuous exposures, bromine oxidants'
appear 1o be twice as toxic (1.93 = 035) a8 chlorine axidants in four of the six organisms:
for the amphipdds and silversides bromine oxidants are about five times as toxic (528 =
0.52), A 48-h LCSO for daphnids and a 96-h LCS0 for amphipods could not be calculated

for continuous bromine exposure, because survival was less than 50% at the level of oxidant
quastitation.

For intermittent exposures, bromins oxidants were, on the average, 1.7 times (1.67
= 0.34) as toxic; but there was lictle difference among species.

In freshwater, daphnids and amphipods were most sensitive, both in continuous anc
intermittent exposures. [n salowater, the mysid was the most sensitive organism whez
exposed continuously 1o chlorine oxidant. The mysid and silverside were equally sensitive

10 continuous bromine exposure and also to both oxidants, when they were exposec
intermittently.

Conversion of chlorine oxidants imto chloramimines. and bromine oxidants inio
bromamines appeared (0 increase toxicity, although this effect was less pronounced in case
of the bromamines. This increase in toxicity 8 atcributable 1o amines, and not to the
formation of unionized ammonia. Under prevailing test conditions. the concentration of
unionized armmonia was estimated at less than 15 and 17 pbb during the mysid and daphnid
tests, respectively. These levels are well below reported toxicity values (USEPA 1985, 1989).

During each treawment condizio‘n. one sample also was analyzed for fres available
oxidant (FAO), as well as total residual oxidant (TRO). The resulis of these analyses are
recorded in Table 7 (chlorine), Table 8 (bromine), and Table 9 (ammonia test).

FAQ was observed more frequently at the high-concentration treatment conditions;
with bromine as the teatment agent, FAO was also observed at low-concentration
treatments. To what extent free available oxidant did contribute to the observed mortalities
is unclear from the available data

In the presence of 03 mg/L ammonia-nitrogen, FAO was not observed in chlorine
treatments (Table 9). Addition of ammonia to bromine weatments did indicate the presence
of relatively large concentrations of FAQ. According 10 a personal communication with Dr.
Franklin Handy of Great Lakes Chemical Corporation, West Lafayeute. Indiana, the FAO
observations in bromine treatments with ammonia are erroneous. Apparently, under such
conditions, the amperometric titration method measures bromamines as FAO. Since
ammonia was added in relative excess. we may assume complete conversion of bromine
exidants into bromamines. Thus. the observed toxicities reflect bromamine toxicities.
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DECAY OF CHLORINE AND BROMINE INDUCED OXIDANTS

The effect of the addition of sodium bromide 10 2 s lution containing chlorine on
oxidant decay is recorded in Table10, and {llustrated in Fig. 1, where the natural logarithms
of the total residual oxidant concenirations are plorted against i for solutions containing
chlorine &nd chlorine/solutions to which sodium bromide is added. Figure 1 shows the
decay in freshwater, in Fig. 2, similar data are shown for the decay in saltwater.

The test data refle=t a two-phase, quasi first order oxidant decay, for both chlorine
and bromine (i.e.. chlorine /sodium bromide). In both cases. the initial relatively fast decay,

defined as K1 (slope of 1o [ueq TRO} vs time) was followed by a much slower decay,
defined as K2

1o freshwater, (Table 11), sodium bromide increased the fast decay by a factor of
about three (0.054 vs 0.016), while K2 was increased by a factor of 5 (0.005 vs 0.001).

In salrwater (Table 12) with sodium bromide, the fast decay (K1=0.084) was, on the
average, about twice as fast as the fast decay observed in the presence of chlorine alone

(K1=0.044). The slow decay (K2 =0.009) was, on the average, about nine times the chlorine
value (K2=0.001). .

These data clearly indicate significant increases in the rates of the fast and slow
oxidant decays when sodium bromide is applied simultaneously with chlorine.

As will be discussed in the next secton and in Appendix A, the relatively rapid decay

of bromine oxidasts may significantly reduce the environmental impact resulung from
biofouling control of powerplant cooling systems.
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IV. DISCUSSION

LCSO values for chlorine TRO in the current study are consistent with toxiciry values
from the Envirgnmental Protection Agency's water quality criteria for chlorine (USEPA

similar 10 our value of 78 ppb considering the species (Gammanis pseudolimnaeus) and life
stage differences. The somewhat lower SMAY of 127 ppb TRO for Notemigonus crysolexcz:
reported in the water quality criteria may be 8 factor of one low value (40 ppbd) skewing ine

SMAV and the fact that sewage effluent was used as the dilution water in all the tests uses
to determine the SMAV.

There are no directly comparable values for Mysidopsis bahia or Menidia berylling ‘2
the water quality eriteria. The only mysid value reported was an LCS0 of 162 ppb fer
Neomysis sp. determined at 15°C and 2 salinity of 28 ppt. The temperature difference
bervesn the two studies may explain the difference from our value of 62 ppb. There is one
96-h LCSO value of $4 ppb for Menidia peninsulae and 2 96-h LCSO value of 37 ppb for
Menidia menidia which form the basis for cnmparison with our preseat value of 143 ppb with
Menidi beryllina. The value of 37 ppb was achieved using field collected adult silversices.
The 96-h LCSO value of 54 ppb is an unpublished value ced in & paper by Goodman et al
(1983) for comparison with long term studies conducted with the same species. Comparsc
to the no effects level of 40 ppb found by Goodman et al for hatching success and survival.
it seems likely that the 96-h LCSO of 54 ppb may be somewhat low.

Brooks et al (1989) conducted an extensive study on continuous and intermitten:
toxicity of chloramines to a aumber of species. Results from his studies give comparatie
LCSO values to the current studies (48-b LCSO of 24 ppd TRO for Daphnic magna anc 2
96-h LCSO of 111 ppb for rainbow trout). These investdgators also showed a 3- 10 S-folc
decrease in daphnid sensitivity during intermittent exposures (2 hours/day) and a 7-foic
decrease in rainbcw seasitivity, again very comparable to the present study. The common
shiner Notropis comunus was more sensitive to chloramines (96-h LCS0 of 71 ppd) than the
golden shiner was 1 tworine in the present study. Species and exposure dissimilarities
(ammonia vs 0o ammonia) could explain the differences in the LC30s.

Presen: tests indicate that continuous exposure 10 bromine oxidants appears to be
about two times as toxic to four of the six species, compared to continuous exposure 0
chlorine oxidanws. For the silversides and amphipods, the difference was five-fold. For
continuous exposures to bromine oxidants the 48-h LCSO for daphnids and the 96-h LCZ0
for amphipods could not be calculated because their survival was less than S0% at the leve!
of oxidant quanutation. With intermittent exposures, the difference in 1oxicity wot o0 the
average 1.7 times.
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A similar difference in "potency” was also observed in a study by Bongers et al, 1977,
and Liden et al. 1980, when the effectiveness of bicfouling control by bromine chloride was
compared to that of chlorine, These studies indicated that the more toxic bromine oxidants
permitted the use of much lower amounts of biocide for fouling control. A 15-day trial,
conducted on a powerplant cooling system using low-salinity estuarine water for heat

rejection, indicated that, on an equimolar basis, bromine oxidants were ™o 10 three times
more effective than chlorine oxidants.

In light of the observed fouling control efficacy of bromine oxidants, and their
relatively rapid decay characteristics, the conversion of hypochlorous acid into hypecbromous
2cid and bromine oxidants could significantly reduce the impact on the aquatic environment
resulting from the control of biofouling of powerplant cooling systems. Beneficial effecs
from this conversion would be most pronounced &t .iigh ambient water temperaures and
when a relatively large portion of the riverflow is used for condenser cooling.

Preliminary estimates of a reduction in eavironmental impacts is shown in Table 13,
where the benefits of using sodium bromide in conjunction with chiorine are estimated for

heat rejection into a freshwater stream.  (Methodology, assumptions and calculation are
givea iz Appendix A.)

This comparison which is based on rainbow trout 22 goldex shiner data indicates
that significant reduction in :nvironmental impact &an be achieved, depending upon the
amount of riverflow used for condenser cooling.
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lql_t_)_tmcion on organisms used in testing

up——— e ——

Test Lile Siage Length mm{ 2 SD}
Daphmd 48 -h Continuous < 24h NA NA
{Daphma magna) 48 i intermittent < 24h NA nMa
Golden shiner a6 -h Continuous Young 71.514.80) 31801714} 890i225)
{Notenngonus 96-h Intermitient Y oung 74 916 .09} 3300(701) 9601229
crysoleucas)
Rainbow trout a6 -h Continuous 15 day 24 011.23) 9g O111.9) 17.212.0M
{Oncorhynchus 96 h Intermitiant 15 day 24.0@! .23) . 98 0{11.9) 172.212.01)
mykiss) :
Amplupod a6 h Conti nious hverite NA MA 0.44(0.14)
Hiysletia srtecal 96 h intermittent juver le NA NA 0 441014}
Myl 96-h Continuous 5 day NA NA 0.17110.003)
Aty sidOp SIS 96-h Intermitiant 5 day NA NA 0.15910.003)
sohial

96 -h Continuous B8 day 10.610.93) 4 8112.08) 0.9610.42}

96-h Intermitient 11 day 11.610.76) 8.2411.57) 1.6810.330

48-h Continous < 24h NA NA RA

300 pph Ammonia

96 h Continuous 5 day NA NA

300 gt Ammonia

| TR A




Table 2. Mean water guality (+SD) for the chiorine studies

g FRESHWATER
Daphnic | % 731 3333 1525 144 %
Continuous ®.2 ™ (17.0) 2.5 9
Qaphrd { ¥ a2 3687 1082 181.0
intermnt ©.1) 8.34 (20.5) (2] (2N
Shiner 78 818 3882 1333 1843
Continuous 0.2) .38 (28.3) (18.%) (20.0
Shiner (%] 7.41. 350.0 1000 1458
Intermit .1 788 %5 (18.8) (s.1)
Trout 1.7 720 N0 132.0 160.0
Continuous 0.1) 784 {8.5) 2.4 (3.2
Trowt 77 7.20- 240 132.0 160.0
Imermit 0.1) 7.64 (8.5) (2.4) 3.3
Amphipod 8.0 7.84- LT xH) 165.0 138.0
Continuzus ©.1) 8.00 (0.4 .1 (4.3)
Amphipod 8.0 7.84- - | N 165.0 138.0
Intermnt .1 8.00 (3.4) (B} (4 3)
Qaphnid 858 7.38- M2 1580 1420
w/ Ammonia 0.1 780 (143 s 3.2
SALTWATER |

Siversides 72 8.36- 0.7

Continuous ©.2) .52 (0.45)

Silversides 72 8.3 2048

Intermit 0.2 | K1) 0.44)
Mosid 73 8.36- 2.7

Continuous 0.2 852 0.4%5)

Mysid 72 8.33- 208

Intermit 02 885 &

Mysd 77 8.00- 210

v/ Ammonia ©.1 811 082

* Condugtivity expressed &s wmhas/cm: salinity expressed as pot
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Table 3. Mean water quality (¢S0) for the chiorine /NaBr study

* Condictivity expressed 33 Lmhos/cm: salinfly expressed as ppt
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Capnni! 84 821 3887 110.0 17ay ‘
intermn ©.1) 624 (20.5) “0 8.2
Shiner 76 g1t 368.3 141.0 1843 i
Continyous 02 8.33 {28.2) (18.9) (20.0)
Shiner ee 141 350.0 100.0 148.5 i
Intermit on | ree | %5 (15.8) (&1) 3
Trout 75 724 3340 1320 160.0 J
Continuous ©.1 74 6.5 (24 (o e ||
Trow 15 12 334.0 1320 1600 i
Intermn ©.1) 7.41 (6.5) (2¢ 3.3 ]
Amphipod 80 781 3830 185.0 1380 !
Continuous ©.1) 8.01 0.4 .0 (3 1
Amphipod 80 7.81- 283.0 1850 138.0 ' 1
Intermnt ©.1 8.01 Q.4 7 (4.3) i
Daphngd 8e 733 312 189.0 1420 %
w/ Ammonia 0.1) 789 (14.3) s.1) 2.2
SALTWATER f
Siversices 72 a3s- 27 l
Continuous ©.2 851 (0.45) 1
Siversides 72 8.30- 20
Intermit 02 865 | 0. 44)
Mysid 72 8.8 27
Continuous ©.2) a8 0.45)
Mysid 72 £.30- 205
Intermit (©.2) 8.89 (0.4%)
Mysid 7.7 802 21.0
w/ Ammonia 0.1) 8.18 (0.82)
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Table 4. Toxicity of Chilorine and Hiomine on Freshwater and Sshwater animals

1.CS0 with Cl,
peq TROJL | 13 OhlorieefL
£ 95% CL +95% C1L
FRESHWATER |
890 n ! <04 <"
0oy & 1M 1&% ‘
1.55 55 076 61
127 & 192 S8 - | 056 & 0% s
. BS? M 164 288
719 & 109 253 & 158 29% & 440 2% & 15
1611 572 990 790
1424 & 1844 $0S & 654 RR0 & 1IN m & o
220 ™ <039 <32
175& 27N 62 & %
49 ‘304 an m
70 & W2 252 & W2 Mr1&s0 | Maam
<05t < it <039 <
i
.
166 . 0ss . 6o
141 & 200 0 & 71 0sR & 107 LN 1
1nss (AN 606 a8
B57 & 1266 g & 449 SN &1 416 & 560
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Talde 4 {continne T)

' e ——
Commeon Name | Specics Name Tonieity peq TROL | 42 Chbewine /L.
Indicatos 2 95% CL 2 5% C L
SALTVATER :
9%-h 175 62 116 92
Continuos 147 %209 SZ& T4 o & 14 & ID
96 b 592 210 460 Wi
Interni’ 477 & 1725 169 & 257 3195 & 5% IS & OR
9% : 403 141 082 65
Continuwous 3124 £ 516 115 & 181 - 062 & 09 MM
26-h 544 1) 43 34
intermitient 420 & 679 149 & 241 1674510 291 & 410
96-h <059 <219 <062 <suf®
Continuons
300 g/l
Ammaonia
SR T
' Only 6 survivors st lowest concetration tested.
: | swrviver a1 lowest concenteation tested.
} Mo survivors st lowest iresiment.
4 Only 8 survivors st kowest ireaiment.
s 3 survivors st lowest tresiment.
¢ Ouly 2 survivors st lowest ireaiment.
NOTE: -nnltuﬂ“kmwhdmﬂﬁhﬂ«k&usmm“ﬂom.d
coprivalents pef fer (peg/i). The test results are expresscel as microprams/tiier chlorine foor all pests combucted
mdhmﬁkxn&ﬂhqeﬂnw

shsenee of addedt bromides.  For fests conducter] in the i
convert bromine into “chiorine couivalents® divide the hrsmine concents

ation by 225 To convent
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Chlorine TRO concesirations

{in yqfL ehiorine TRO) en‘nssad as thamean (150) of af

measurements -.;~u,... L
[y e WRSET MMSAOIS
Tesi Rep | 1 2 v 043
- == e = B PRSSSS e . aa SEEE
| ' FRESIAWATER ¢
Daphnid A 24 2+ 40 42+ 50 76 + B0 W2:80 306 s 150
Continuous , B 24 2 40 41 ¢ 60 73:860 164 2 120 314 2 250
C 24240 41 250 74270 163 + 100 310 £ 200
Daphnid & 25248 40 2 95 76279 153 2 205 ? a283
niermit 8 20275 45 & 182 PE 2 14 4 159 2 203 280 « 141
C 22269 43 2 105" 81 s 125 158 2 200 285 2 191
Shines ~ 41 2 50 72 ¢80 155 2 100 312 « 160 522 2 130
Coniinuous a8 41 : 60 73:70 165 2 140 308 ¢« 130 526 » 180
C 41 : 60 73:80 160 ¢+ 130 310 s 150 524 & 160
Shinet A 1295:330 |418:390 670 + 040 | 994 2 1250 1547 + 400
itermit 8 295 : 300 411 1450 677 1940 950 «+ 580 1477 + 60
C 295 s 310 416 1+ 400 6731930 967 + 1070 1512 ¢+ 460
Amphipod A 1844 35+ 45 84 :69 159 ¢+ B.1 316 2 207
Contisous | B 444 26 50 82 :86 157 1+ 8.4 321 2 143
C 15245 A5+ 486 8377 158 s £2 318 2 183
Amphipod |A | 38:55 8t 277 150 1+ 430 305 ¢+ 295 631 + 881
Intormit 8. 35 ¢ 53 78 2 112 153 ¢ 132 302 2 274 626 » 820
C 35254 B0+ 88 153+ 130 304 £ 278 679 2 670
Daphnid A 20+ 30 35 :50 79190
Amymonia a8 16 : 30 a5 : 60 69150
0.3 mg/L c 18+ 40 3550 74 190
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69 10 1 oley

mtu;mcmmocs
fep 1 2 3 E s
A w2 & 108 77 + 137 142 4156 299 + 650 623 : 650
8 27 168 74 2 153 140 ¢ 441 313754 608 ¢ 610 °
C 29292 77 2 144 142 _ 419 306 « 67.7 - 614 ¢ 576
A a6 « 104 81 : 169 80 « 37 4 392 + 725 689 2+ 558
1] 29 :8.} 77 2 128 164 1 410 412 + 632 7it « 632
C 32:9% 79 2 151 173+ 294 401 « 675 700 « 596
SALTWATER :
A 54 4+ 90 97 « 158 190 2 360 443 ¢ 585 718 = 1305
5] 522123 101 & 180 180 2 405 407 + 495 702 « 1013
C 52 4 113 99 s 158 _m:’:l 425 ¢+ 563 700 « 1125
3 . - 5.1 225 2 74 412 1520 745 1 90 4 1538 + 866
a Bi 2 142 200 ¢ 358 | 374 2+ 530 585 « DA 4 1382 2 1357
C 9221710 213 : 3786 394 : 576 716 + 950 1409 2 104 ¢4
A 54+ 90 97 & *58 180 « 180 473 = 225 78¢ + 338
8 52313 W01 + 120 178 « 205 439 2+ 495 781 + 518
C 52 s 113 9 « 150 178 « 183 457 + 383 781 + 383
A 01 & 150 2252374 412 « 810 794 » 74T 1391 « SO0
i) 81042 200 s 358 374 1 538 698 » 428 1260 2 185
C g2« 170 213+ 378 394 1+ 578 747 1 644 1325 2774 -
A 5058 D« 108 196 « 227 358 2 455 662 « W07
8 52:83 85«88 205 » 1314 362 2 459 693 ¢ 14685
C 52:70 w92 k{ﬂ-ﬂ.? 358 1 443 677 s 1242
n e e o st G Y




chiorine tes!

expressed &8 ug/L chionne oxicants,
* TYREATMENT CONDITIONS

Tapie 7. Free svalable oxidant® and lotal resicual sxidant (values in parenthess) in

o Avalue of 0 ug/L indicates FAO was not cetecied e quentfiable.
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Daphnid A 0 (10) 0 (30) 0 (80) 30 (140)
Continuous | B 0 (185 0 (40) 0 0 20 (148)
Daphnid A 0 (30 0 (40) 0 (B0) 20 (160) 160 (280)
imtermint 3 0 (20) 0 (80) 0 (80) 0 (160 180 (280
Shirer A 0 (30 0 (40) 0 (e 0 (180) 0 (330)
Centinvous | 8 0 (20) 0 (4%) 0 (70 0 (148) 0 (320
Shinet A 0 (230) 40 (360) 440 (280) $C0 (1010)
intermit 3 0 (2€D) 180 340) 460 (€00) BED (BED)
Trout 3 0 (20) 0 (30) 0 (6%) 0 (140) 0 (300)
gntinuous | B 0 (10) 0 (40) 0 (D 0 (140) 0 (200)
Trout - 0 (20) 0 (30) 0 (65) 0 (140) 0 (3¢0)
intermit B 0 (10 0 (40) 0 (80 0 (140) 0 (300)
Amphiped | A 0 (10) 0 (30) 0 (80) 30 (140) 60 (320)
Centinucus | B WL 0 (40) 0 (80 20 (145) 80 (32%"
amphiged | A |00 | 030 0 (80) 30 (140) 60 (320)
intermit 3 0 (40) 0 (80) 20 (148) 80 (328)
SALTWATER ‘
Mysid A |o@s |00 0 (80) 40 (180) 210 (318) ‘
Continvous | 8 0 (20 0 (45) 0 (80 30 (170) 220 (32%)
Mysid A 0 (30) 0 (69) 0 (160) 210 (380) 340 (670)
intermit B 0 20 0 (80) 0 (167 220 (2€0) 380 (700
Silversides | * 0 (29 0 (40) 0 (80) 40 (160) 210 218)
Centinyous | B 0 (20 0 (4%) 0 (80) 30 (\70) 220 (32%)
Silversices A 0 (30 0 (60) 0 (160) 210 (380) 3w (670)
intermit 8 0 (60) 0 (140) 230 (380) ae0 (7O




Table 8. Free avalable oxgant and 1ol resicual oxicant (values in parenthesss) in
chiorine /NaBr test expressed a8 wg/L bromine exidants®.

* To corven broming 1o chionne eguivalents divide by 28
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TREATMENT CONDITIONS !
m—--— .
FRESHWATEP
Daphnig A 0 (2 23 (1) 113 (203) 202 (450 495 (698)
Continuous | B 0 (2N 23 12¢) 113 (203) 228 (420) 450 (830)
Daphnid A 0 (88 0 (80 0 (180) 68 (450) A7) (885)
Intermi 3 0 (48) 0 (113 0 (188 0 (473 338 (Tee)
Shiner A 0 (48) 0 %) (148 . | nams) | s ese) '
Cortinuous | 8 0 (86) 0 (80) a8 (180) 124 (238) | 480 (830)
Shiner A 135 (380) 138 (380) | 498 (675) | 630 (900) | 1183 (138%) ‘
imermit 3 90 (380) 1 180 (40%) 480 (SES) 720 (868) 1418 (1TV0)
Trout A o 0 (68) 88 (180) 188 @70) | 840 (90 ‘
Continuous | B 0 (23) 0 (88) 88 (191) 180 (338) | se8 (T20)
Trout A |o@ or ) £ (16, 188 (@70) | 840 (e50) 1
Intermn 8 9 (23) 0 (&8 88 (181} 180 (338) $85 (720 |
Amphicod | A 0@ 0 (113) 119 (203) | 203 (es0) | 495 (58) 4
Continuous | B 0 (23 0 (124) 113 (203) 228 (428 480 (820
Amphipod | A | 023 23 (113) 113 (203) | 209 (4s0) | s (858 «
interma e 0 (29) 23 (124) 113 (223) 22¢ (428) | 480 (620)
SALTWATER |
Mysid A 2 (48) 48 (113 188 (203) 338 (450) 65] (T88)
Continycus | 8 29 (48) 88 (101) 169 (180) 293 (382) 678 (T3)
Mysid A 0 (113) 0 (27) 135 {(408) 630 (810) 1328 (\87%)
Intermitt (] 0 (68) 0 (203 48 (383) 4T3 (4 1418 (1530
Siversides A 2 45 48 (113) 168 (203) 338 (450) 653 (Tes)
Continyous | 8 23 (48) 86 (101) 168 (180) 297 138d) 678 (1Y)
Siversices A 0 (113) 0 (270) 138 (408) 630 (810) 1328 (1875)
intermn 2] 0 (&8) 0 (202 48 (383 4T3 (T4) 1418 (1820




Table 9.

) uo.-muusqmmmum-mmm

Bromine/225 » W/l chiorine equivalents)

L 2w

U8)
NA)
NB)

Daphnid 1UA)
Chlorine /NaBr 18

UA)
UB)

HA)
NB)

M 1(A)
Chlorine \(B)

UA)
UB)

A)
¥B)

“A)
&B)

L S(A)
se)
Chlorine /NaBr ’;‘az

GE 2gilrYloco |oo oo

EEE"&&oosooooooou

AA)
AB)

HA)
3B

&A)
4(B)

5(A)
Ll

——

LE |55 |38 |ea |83 |EE |2 (55 (88 iGlealay|ea|se s

gEg |4
=2
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Table 10.

" Oxidant decay,* measured as total residual oxidant equivalents
{ueq. TRO) in fresh water and 20 ppt salt

28538

, water upon (he addition of
ehlorine. and chiorine plus LS times the stoichiometric amoun’ of NaBr.

EHMHBIEIMRA
(wea/L] | LN (uea/l) (weq/L) | LN [uee/L]
I VER B S T

| 3233 0 2638 3233
s la2r | s0e s 141 2738
18 19.01 2945 10 1468 2684
30 1831 2907 30 13.10 2573
9 €21 2722 8 1137 2421
170 1338 | 250 160 10.48 2349
270 308 | 2879 260 839 2189

‘ 350 161 2029
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| 28.19 3338
s 20.8% 3.037 ‘ 14.93 2703
10 19.18 2052 10 12.96 2462
20 1732 2882 18 11.83 247
50 18.77 2758 30 o7 227 |
110 13.52 2604 90 6.48 1869
170 1282 2851 150 507 1623
260 1085 2384 240 338 1218
180 9.01 2198 360 228 0811

These observations are fitted to 8 two-phase first order model and plotted in
Figure | (fresh water) and Figure 2 (salt water).




240 900 - 495 00LS 0.848 0.001 0.988
360 900 - 450 0.010 0.775 0.001 0.806
1290 721205 0.023 . 0947 0.001 0.998
1345 840 - 250 0.017 0812 0.001 0.983
Avg &« SD 0.016 « 0.005 0.001 » 0.000
TRO Range
i wy/L Bromine § - . ==« Chlorine Plus Bromide - ~~=-
350 2025 - 608 0.055 0818 0.002 0.986
380 | 1901 90 0.050 . 1 . 0819 0.006 0.983
408 2036 - 338 0.061 0.829 0.003 0.983
LyL 1530 - <23 0.059 0.864 0.007 0.980
e ———_——— -
‘| Avg + SD 0.084 « 0.005

The test results are expressed as microgram/liter (ug/L) chlorine for all tests conducied
with chlorine in the absence of added bromides. For tests with bromides. added at 1.5 times
the stuichiometric amount of chlorine. residual TRO concentratio s sre expressed as ug/L
bromine. The observations were fited to a two-phase first order model
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Table 1

Oxidant decay,* measured as Total Residual Oxidant (TRO) equivalents in
20 ppt saltwater

Chinrine

380 1000 « 320 0.03% 0905 | 0002 0.984
45 1000 - 350 0.085 0.889 0.001 0887
708 1000 - 318 0.035 0810 | 0001 0485
720 1000 - 310 0.048 0.926 .01 0.936

Avg s SD 0.044 » 0.009 “t | 0001 e 0.001 4

TRO Range -

uz/L Bromine Chiorine Plus Bromide
120 2208 - 360 [ 0.085 0873 0.008 0958
240 2183 - 45 0.094 0.910 0.013 0.994
360 250 - 180 0.073 0.798 0.005 0972
395 6.2 0083 087 | 0009 0.964

Avg 2 SD 0.084  0.009 0.009 » 0.003

The test results are expressed as microgram/liter (wg/L) chlorine for all tests conducies
with chlorine in the absence of added bromides. For tests with bromides, added at 1.5 times
the stoichiometric amount of chlorine. residual TRO concentrations are expressed as ug/L
bromine. The observations were fitted to a two-phase first order model.

- e
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Table 13. Estimates* of the

-

absence of sodium bromide.

relstive environmental impact on a freshwater siream resulting
from from the trestment of cooling water by chlorination in the presence and the

| , Effluent Flow as Rainbow Trout Colden Shiner
- % of Riverflow Impact Ratio Impact Raris
Chlorine/Bromine Chlorine /P.romine

0 L19 22

10 148 b 3

L) 238 5.5
0 671 79 |
" 941 7.1 |

Eitimates foF rainbow trout are based on the
following inpuus:

o8- LCSo: Bremine , 0.89
chierne  1.66
8E. N LC’. bremine - °.1§
chicnne  0.48
: ... Kbromine 0,084
Oxicant cecay : R ehiorne * 3508
K, bremine 0,008

K, chionne  0.001

Further details are given in Appendix A

Estimates for golden shiner afe Bised on the
following inputs:

86-h LCSO :

g6-n LCL.

bromine 2 3.61

chicnne  B.57

bromine _ 1.1

K, bremine

chicrine 206

0.054

Oxidant decay. X chionne . 5018
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K, bromine _ 0,005

K, chionne

0.001




Figure 1. Oxidant decay as weq TRO s freshwater
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Figure 2. Oxidant decay a8 weq TRO in saltwater
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APPEMDIX A

Relative Envirerzental Iz act Estisates
for Chlerine and Brozmine Used for e Control of Biofsulling
Condenser Cooling §S - 'stans

by
L. Bongers
W. Furth

Bi2 Envirenmental Services Inc.
Baltizore, MD.

Ju..a 1991
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ABSTRACT

When used in combination with ehiorine, sodium bromice can significanty recuce chiorine
application requirements because the bromine uxicants generated uncer such conditions
control biofouling more effectively. m.mummmmmmmum

m:mwmmmm.mmwmmmmmmmw«nw
less. .

mmro.mmw.hmmmm-nmrmw LC,'s for chicrine
exidants, the effect of the more nplddsaycombhodmmwummd could
significantly recducs the environmertal impact of bicteuling comrol.

To eveluate the extent of the impact reduction and the factors affecting the reducticn, t.8
relatve mmwmumnmmummmwmmww. in the
calculations, the two test species (a freshwater and a satwater species) were subjected
to continuous biocide apclications. It was further assumed that the glecTiv facility usec
varying amounts of the fiow of a freshwater stream for hest rejecuon.

Computations incicate that a significant reducuen in impact can be expecied when
sodium bromide is usec in conjunction with chiorine. The extent of the envircnmental
penefits would increase when biccide application rates increase, as wel as when 3 larger
porticn of the river flow is used by the slecric faciity for heat rejecion.

These findings incicate it the anticipated recucton is principally anributacle to the

relatively rapic chemical cecay of bromine oxicants anc, 1o 8 jesser exient, aiso 10 the
lower ameunt cf bromine oxidams neeced for the same degree of biotouling centrol.
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A. PROBLEM STATEMENT

gince there is a viadle alternative te chlerine for eontrolling -
piofouling of pover plant ”“u‘a systams, the environmental
conseguences of changine from chlorine to the alternative must be
ascartained. The alternative considered here is bromine, wvhich is

generated from ehlorine when udt-‘n promide is simultanecusly added
to chlerine in the cooling Vater.

one vay of evaluating the environmental impact of such & changs is
o estizate the relative sortality risks to whieh all the organiszs
are subjectad vhen they aAre entrained in chlorinated or prominated
vater which flows through the cooling system. The impact estizate

vould alse include the effects in the raceiving wvaters vhich aix
vith the discharge.

The sample calculations, shown balow, are pased on mertality and
chezical decay informatien collected e* part of the presant study’,

The caleulations provide @ CanDAZASAVS impact estizmate for rainsovw
trout and golden shiner.

The method is based ugon & sizple and understandable set of
computations. gizmilar calculaticns can pe made for other organis=s

for which the mortality and the no-efZect threshold information is
available.

3. ASSUMPTIONS

Throughout this appendix ve shall use a Lagrangian appreoach: that
is, we star:t with a parcel of water, and follow it through the
plant and the transpert and mixing in the river. The oxidant
concentration in that parcel of watar, as a function time, is the
cencentration defined in this manner. further, the tizme integral of
the cencentration is alse such & Lagrangian integral. Since this
{ntegral will be used to estizate the impact, we assuze that the
exposed organisms effectively follow the flov.

‘Plesse see text for added discussion.

1p1ease ses text.
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1. Physical Arrangement

The folloving sequence of events is assuned:

The biocide is introduced inte the once~through cooling
systan.

It passes through the system, with no dilution, until it is
returned to the river.

This river flovs steadily avay from the cooling water intake.
In the rivei, the concantraticn of the biocide in the cocling
vatar is diluted with the river watar.

After & cerczain time, this dilution is sffectilvely cozpleted
(i.@., the river is laterally wall pixed): this mixed flevw
proceeds dovnstrean with ne a ditions or losses Lo the vater.

-

2. Chezical Reactions -

Based upen experizmantal data, it is assumed that the chezicel
(i.e. giocido) undergces a two-phase quasi~first orcmr decay
process’. That is, if M(%) is the mass rezaining at tise ¢,

oxp (=k &) 0sss,

b q [
ofer

exp (~k,c,) exp(~k,(e-¢c])) cecte

Let c(t) be the cencentration', define

c,8ci0) @™hh

The concentration, including chemical decay and dilution, is

cle) MiE) >
1018 . T divided by dilution facter

Jplease see taxt,

4y motation table is provided at the end of this appendix
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3. uorillsty'iolatténahips

One ‘of “ thh Kkey assusptions {¢ that the time integral of the
eoncentration above & threshold concentration is & measure of the
{zpact. The threshold concantration, of courss, is the largest
concentratith which a specified organisz can vithstand for a ieng
tize peridbd ‘withoun suf aring acute ctoxic effects. In absance of
other. information, & 12’ value may be usad in the computations.

Tor sohe Bryanisms, the LG, oF L&, concentzations. @8 § funczicn

of exposure ;u- X, are uum\y accurstely described by @
hyperseld ° .

iy o Y. X -

(X>e)

S B

vhere a, b, and ¢ are constancs’., In such a re resentaticn, the
thresheld is The concencration as X goes to infinity, that is, the
snstant a. This constant, even though it depends upon the organis=
and the Bionide, should be reascnably indepandant of the sorsality
level. Alsc, the congtant ¢, which has disensions of tizme, is
usoally ssall cempared to cimes of interest, such as 96 hours.

W' AR sispriey this equation, as follevs
YT e constant

wvhere

Y « Concentcration above chreshold
T Tize beyond ¢

ard where the constant depends upen portality level and, of course,
the bioccice and species considered, This eguation is censistent
with @ dou-abcv.-c-wuncld evaluation approach.

4. Mixing

The hydrelegical mixing of the effluent with the receiving stresn
{s complex and dependr on site specific features. Even though This
phenczena may be one ef the few aspects of the over-all proble=
whicha is "sclvable" from ¢irst or second principles ve shall use
enly a very sizple vay of estimating the dilution. Prasuming that
the mixing process is not {nfluenced by the choice of biocide, iz

—Jy 2 LT {s meant the concentration which results in XXV
morzality when exposed for T tize. If T is not specified, assune it
to be 96 hours.

please see Wang and Hansen, 1985, as referenced in the Text.
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Jf “aascnable to assume that the gorearative impacet of two pBiocides
is not significantly influenced by the axact natJre of the mixing.
Conseguer. 'y, Ve shall assune chat the agount of river vater mixed
vith ths effluent increases proportional with time, until all of
the river flov is involved. It is further assumed that during this
pixing the effluent is completely mixed lateral to it's flov (L.e,,
that it is independent of space, in the Lagrangian systaz), and
that lengitudinal mixing is negligible.

"o, {1

vne dilution facter’, with the abeve assumptions, is

N1 ¥, MAX[ 1, 1e(¥-l)iit]])

5. Meersur

-~
e Tike

. ,
thrasholl is

vhere c,, is the concentration for LGy, at 96 hours. The gquantity 2’
nas the dimension of tize. The relative {mpact beatween biocides 1
and 2 (nazely, chlorine exidants and promine oxidants) will be the
ratic of the above gquantity calculated for each bic.ide, OF

2
R o gt €l =C
1.3 e

.

-

' p—
Z' C'%"C '

vhere the superscripts refer to piocide 1 and 2. This ratic has ne
dimension. If it is larger than i, biccide 1 has a larger impacst
tnan biocide 2. This ratic may reflect ths comparative porsality.

———————————————

Tplesse see NOTATION sactien for

definition of the symbols
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C. SPITIAL CASES

Some special cases can be solved sizply. For axample, if va hava ne
pixing with the river vater, as would happen if all of the river
vater is used for cooling, ve have

ﬂ.’:ﬁn if e,z
Cut’ t "‘.e” v -
z. i!
" ot

(el0) =ey) Ky » (€p=Co) Ky
ks (Goq = Cqy) e

In conzrast, 4f the river flew is very large as compared to the
effluent, and the concentration 4s imsediately diluted =2
negligible levels as soon as the effluent reaches the river, then

.l tc. » €(0) ca'hty
AR -~ -ﬁ;——c"_cﬂu e )

provided only that the cencentratien in the effluent Just prior t2
entering the river is larger than eithar ¢, or &,.

P. CALCULATED CASIS

1. Izpact of Decay Tizes

Several computations were made for the chlorine oxidants (biccicde
1) and bromine oxidants (biccide 2), with the enphasis on
detaraining the izpact of their diffarent chenical decay tinmes. The

ratio of the total river flow to the effluent flov vas used as a
parameter.

The physical parazetsrs are shown in Table 1, and the chenical and
bioclegical parameters are shown in Table 2a. The erganisa for whizsh
impact is calculated is the Rainbow Trout. In order to evaluate the
izpact of the chemical decay tizes, the initial concentratien in
the cooling water is twice the LC,, concentration for Both biocides.

The impacts, t' and the impact ratic were calculated for cae
various amounts of effluent flow, As compared to the river flov,
vith these parsmeters. The results are shown in Table Ja. In that
table, both t and 2' have the dimensions of minutes.

From these corputations it is evident that bromine ha less of an
adverse impa~t than chlorine. For exanmple, if the coo.ing systen
borrows 25% of the river flow, the impact of bromine is enly about
40t of the impact ©f chlorine. Additieonal computation were mace
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vhich shoved that the benefits of bromine over eghlierid
as both initial concentrations are increased. With ha
is vhat one wvould expect

L
-

neredses
t

-
~
ning ht, thls

e 4
sig

Not surprisingly, the larger the fraction of the river that is used

for cooling, the larger the relative benafits of bromine.
*raason” for the agvantage,

chenical dacay of bronine as ©

The
in all cases, 1is we more rapid
canpared to Chlorine.

Conbined Ixmpact

utations tgcusséd aboVe
e in the decay tines. Additien
of different initial concant
mave to be made.

iheipally
tions, to
slative tO

wvere nade ©

e and the brem
fect threashc
§ arr alsoc sh
the initial

ewe biccices.

reduc
scay of the B

-

and also ¢
sane degree O

the chemical and toxicity data used, the "beneflits” of brenin

reduced mortality) woulid have & tendency to increase as
de demand increases and/or the ccoling wvater flow iAncreases
ve to the river flow.

hindsight, thl {s what one would expect. Thus gqualitative
'n sense is matched by (he cerputational methed, which ha= the
advantage of being both unenctional and gquantitative.

Crivical issues not addressed are:

T™he effects of changes in oxidant Qe.ay which may rasult fr
ghanges in Water quality!

Ceo value ificantly aiffarent fs
sazple computati

-
[~

those used in Tthese




anisns, VER &3 benthics vhich resice in ¢
Organisms Vhich enter the cooling varter afte:
and

iecide applications (nstesd of the eontinucus
48 used in the presant conputations,
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Table 1 pPhysical Inpuss

60 minutes

$ minutes

Lifluent Flow/ River Flow 0, 108, 5%, S0%, and 100%

Table 2a ghemical and Riclocical Ispus
Rainbov Trout

Chlorine Bremine

¢(0) 3.02 1.70 peg/l
(9 1.66 .05 e/l

Cox 0.48 0.6 peg/l
k, 0.016 0.054 min®
ks  0.001 0.008 min®

-—e

¢, 18 18 min

Table 2> gChenical and Piclosical Iapus
Gelden Shiners

Chlerine Bremine

e(0) 9.44 2.66 peg/l
Cys .5 3.6 peg/l
L8, 31,10 737 -

Cox 2.06 1.1 peg/l
k, 0.016 0.0%54 min®
k; 0.001 0.005 mint

£, 1$ % 3 min
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Table 3a Resulta cf Compusations
Rainbov Trout

¥ Chlerine Bromine R

z [ z t’

0 il.4 s 9.61 5§ 1.0
0.10 3¢.0 32 6.6 26 1.45
0.28 61,0 323 5.6 57 2.0
0.50 336 1010 50.3 180 €.7)
1.00 1148 1709 2123, 336 %.41

Table 3b Resuits of Compusatiens
Golden Shiners
¥ Ehlerine dzamine R, ;
z. ‘ c. :. c.
¢ $.3 $ 2.44 $.
0.310 9.9% 21 2.96 3
0.2% 17.6 $0 3.4

.50 88.3 604  J.85 4 229
1.00 422, 1287  4.46 28 97.1
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Symbol

a.b.c
ele)

Kie)
B

T n n
-~ "

tg 4 sg ¢ 3

Metatien

Definitien Dimension
Constants various
Concencraction peg/l
LGy, concentracion, 96 hrs peg/l
c(o) ™Mb peg/l
Threshold concentration peg/l
Exponents in chemical decay min*t
Mass measure .
Ratico of effluent flow -
to tocal river flow
Ratic cf 2* feor biccide ) -
te 2* for biccicde 2
Time, tire0 is at min
inczeduction of biccide
Break time, chemical eguation min
Time when mixing cermplece min
Timewhen effluent reaches river min
Time when c(t) sy, min
Xe-c tire
Exposure time in &y tioa hrs
Concentraticn, specified mozrcality wmg/l
7~ Coy eonc.
Delined in text timecenc.
Defined in text time
Noce:

Supesscripes refer to bicci<es
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APPENDIX B

Relative Eavironmental Impact Estimates for Chiorine and Bromine
Used fer the Control of Biofouling Condenser Cooling Systems
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PROTOCOL FOR THE TESTING OF THE EFFECTS OF sborw BROMIDE
ON THE TOXIQTY OF CHLORINE TO FRESH AND SALTWATER ORGANISMS

Prepared for

The Sodium Bremide/Bromine Chloride
Task Force

Prepared by

Leonard H. Bongers, PAD.
Dennis T, Burton, PRD.

August 1990
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EQREWOQRD

' This protocol was prepared at the request of the Sodiwmn Bromide/Bromine Chlorids Task
Force by Leonard M. Bongess, PhD., B&B Services, Inc. and Dennis T. Burmon,
PhD., Johns Hopkins University's Applied Phyrics Laboratory, Environmental Sciences Group. The
test protocol is designed in accordance with suggestons submitred by EPA (Mr. Charles Kaplans
memo of Mach 16, 1990) to the Task Force
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NTRQDUCTION

Chlerination of wastewater by POTWs to eliminate the discharge of pathogenic organisms
and the use of chlorine by electric udlides to inhibit biofouling are 8 widespread pracsice.
Research has shown, however, that chlorine-induced oxidanws, since they decay relartively slowly,
may be toxic to aquate UWe when discharged into receiving waten.

The use of sodium bromide in conjuncron with chlorine may solve this problem. When
applied with chlorine, sodium bror ide is oxidized by hypochlerous acid (HOCI) to hypobremeus

scid (HOBr) and sodium chloride. Due to the relatively low bond bromine residusls

:hm: low stability. They are more reactive than chlorine residuals thus, should perform
s,

In cooling water containing ammenium salts, application of sodium bromide with chlcrine

showld result £ much lower levels of oxidant residuals because the slow-decaying chloramines
weouwld not be generated

The protocol outlined here is designed to evaluate the decay of oxidanss gemerated by

chlorine 4 fresh and salt water in the presence and in the absence of sodium tromide and o
determine the effect of sodiums bromide on the biotoxcity.

EEQCEAM QRJECTIVE

The cbjectve of the proposed test program is to compare residual biotexicides to
representative fresh water and salt water organisms exposed to water chlorinated in the presence
of sodium bromide with similar water chlorinated in the absence of added sodium bromice.

TECHNICAL APPROACH AND METHODS
Qsidant Analvry

The chlorination of fresh *nd salt water may result in the formation of a large number cf
reaction products having varying kinetic constants and oxidizing capacity. The amperomesi:
toadon method, described in Standard Methods 408C (APHA 1985), will be selected to
determine tow residual oxidants (TRO). Since it is essensal to preserve the chemic| conditons
as of the moment of sampling, a back-teradon amperometric end-point detection method will be
selected. Fixaton of oxidant at the time of sampling v be necessary because free oxidant, and

especially bromine oxidants, decay reladvely rapidly. Otherwise, the measurements could resw:
in a substantal over-esumate of toxicity,
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To implement the metiod, excess phenylarsine oxide (PAQ) will be added to the sumples
to fix svailable oxidant. Unreacted PAO will be determined by back toradon with jodl. solutien
olmmmuonmuwwmmmm ‘

Potentometric methods also will be evalusted to determine whether direct-mode
.wmamdmm.mqumum U performance satisfies
program objectives, the technigue will be exployed for zoutine TRO monitoring.

We anticpate the amperomerric back deadon method to be able to routinely detect TRO
levels-of 0.01 mg/L and quandfy levels of 0.02 mg/L of chlorine equivalenss.

Ersorurs Procedurs ik T ¥

In view of the anccipated rapid oxidant decay, special provisions were necessary 1o ceate
s reascnably stable environment for animal expesare. The design selected, llustrated in Fig. 1,
will at constant biocide feed rate, obtain steady-state oxidant decay along the length of the
ehamnel Withdrawal of test fluid st a given location along the decay channel will yield fluid of
constant total residual exidant level

Diluent wates (fresh or salt water) (A Fig. 1) and stock halogen solutier (chlorine ot
chlorine plus sodium bromide) (B; Fig. 1) will be congnually mixed in 3 mixing .aamber
(C; Fig. 1). The halreen stock solutions, the concencrations of which will be determined during
the inidal phases of the study, will be held in glass containess waapped in black plastic to excluse
all lght Water leaving the mixing chimber will flow through the FVC decay module of 10’
secsons (D; Fig. 1) to allow for decay of the oxidants. Halogenated water will be delivered frcm
the decay module to replicate test aquasia (F; Fig. 1) at points which provide 3 geometic series
of fve test concenmatons. We will anemi: 10 include one concenmrarion in the geomesic seres
that kills 84 to 100% of the test organisms and one concentration that kills berween 0 to 16%
of the test organisms. Observatcos will be made at a minimum of 1,2, 4, 8, 12, 24, 36, 48, T2

and 96 hours. Observations of sSnormal behavior, immobliry, loss of equilbrium, etc. will be
recorded. »

The zmmuuwm.mmwmmwmmwmmmo.sw Loading
will be less for the invertebrates. Al test aquaria will be held in ¥ constant temperature water
bath (E; Fig. 1). All materials for both the chlorine and chlorine/sodium bromide test systems
will be PVC, silicon, or glass. Dmolvcdomn&umpmmwmbcwmedinmmt
chambers in replics : A during the period TO to T24 and T48 t0 172 hows of the study, replicate
B dmmgm'diodﬂdnfﬂmdmnﬂb. Conductviry or salinity and pH will be
measured b standard procedures at the beginning and end of each test and every 24 hour in
all conm ., and the high, medium, and low halogen toncentradons. Total Residual Oxidants
(T?~, concencagons are to be measured, as 8 minimum, at 1, 2,4, 6,8, 10 12, 24, 36, 48, 60,
7° 84, and 96 hours. TRO is to be measured in each test chamber for all replicates.
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Test procedures and stadistical analyses will be performed in accordance with EPA/600/4.
§5/013 with the following excepdions: 1) all test temperatures will be 25 & 2°C except for
nainbow trout which will be run at 15 & 1°C, and 2) reference toxicant information will be
supplied for daphnids and mysids only.
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Figure 1.

Schemade of oxidan: decay channel used for side by side comparison of test
solutions conmining chlorine in one channel while the parallel channel (net
shown) conmains & mixture of chlorine and sodium bromide. The decay modules
will be consoucted from PVC scheduls 40 pipe with inside diameter of 2, 3, or 4
inches.

A = Diluent Water = Module

D
B = Halogen Tank E = Water Bath
C e Mixag Chamber F = Test Aquaria
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Test Oreani T Condid

Flow-through tests will be performed on early life stager of the following organisms:
Fresh m.t‘u organisms:
Soedies Az or SQs
Rainbow mout (Qncothvnchus mvidsy) 1530 days old . 48 &
Common shiner (Nogomis sp.) 1t 2 inches

Amphipod (Cammarus sp. or Hyallela 5p.) Juvenile
Waterflea Qaznnia magcw) < 24 hrold

Salt water organisms:

Atangc silverside (Menidia menigia)* 7-11 days old 2 24 h
Mysid sheimp Quivsidonsis bahia). 15daysold 2 24 h

Biotoxicizies will be expressed as:

Rainbow mout 96-h LCSO
Common shiner 96-h LCSO
Amphipod 96-h LCSO
Waterflea 48-h LCSO**
Atlange slverside ' 96-h LCSO
Mysid sh=zp 96-h LCSO.

The waterflea and mysid shrimp will be obtained fom the Johns Hopiins
University/Applied Phyvics Laboratory (JHU/APL) Culrure Facdlity located at Shady Side, Maryland,
where the studies will be conducted Rainbow wout, common shiner, amphipod, and Atlanze
silverside will be obtained from various suppliers. Each species will be exposed to chlorinated
water and chlcrinated/brominated water in separate systems run side by side.

All species will be tested by definitive conctinuous flow acute toxicity test procedires
described above. Briefly, five test concentrations plus congrol with two replicates of 10 organisms
minimum per replicate will be used. All exposures will be 96 hours with the excepdon of the
water flea which will be 48 hours. The acclimacon and test wemperatare for all of the test
animals, with the excepdon of rainbow wout, will be 25 (£2)°C. Rainbow gout will be
acclimated and tested at 15 & 1°C.  Non<chiorinated deep well water, which has an average
alkalinitv of =156 mg/L as CaCO,, hardness of =190 mg/L as CaCO,, and pH of #7.8, will be wed

* n the event that the Atlande silverside minnows are not avallable commercially, the inland
silverside minnow (Menidia berviling) mav be substiruted
** An antempt will he made to provide a 96-h LCSO.
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for the freshwater organisms, Filltered Chesapeake Bay water 8.12 ppt sugmented with sea sals
tv 2 salinity of = 20 ppt will be used for the salt water oryanisms. Dissolved oxygen
concengratons will be mainmined at a minimum of 4.0 mg/L at 25°C and 6.0 mg/L at 15°C. The
photo period will be held at 16 howrs light, 8 hours dark for all studies.

Treasment Condigons

For each organism tested, esch set of paired geatment condidons 1A and 1.B; Z.Amd
2.8; 3A and 3.B shall be conducted simulraneously.

Using test cm.mms md upome proccdm ié.nn.ﬁcd above, the following treacment
condidons will be tested:

Conginuous application of Cl, and Cl,/NaBr; minbow osut,
common shines, amphipod. wateriles; groundwates.

Two test runs will be made with the listed fresh water organisms. Groundwarer will be
used in this test series. For each test run, a constant rate of chlorine without sodium bromide
will be fed to or.e decay channel whereas sdium bromide will be added to the second channe!
at 1.5 times the stoichiomerric concenzration of chlorine. The animals will be exposed to biocide
concentations from approximately 1 mg/L TRO to the residual level remaining after a decay time

of approxizmately $0 minutes. Ninerysix-h LCS0s will be determined for all animals with the
possidle exception of the watefles

Treammens Condison 1.B: Continuous applicadon of C, and C,/NaBr; Adanzc
silverside and mysid shrimp; 20 ppt salt water

Two test runs will be made with the marine organisms listed earlier. Estuarine water (20
ppt salinity) will be used for this test series. Biocide applizations will be as in Treatment
Condidon 1A Ninerysix-h LCSQs will be determined.

Irsacment Condizon 2.A: Intermirrent application of Cl, and Cl/NaBr; common
shiner and water flea; groundwater.

To evaluate the effect of intermiment biocide applicadon, elevazed levels of biocide will
be applied for 40 minutes at 8-h intervals. Chlorine will be injected in both channels, whereas
one channel will receive, in addicon, NaBr at 1.5 times the stoichiomesic concentadon of
chlorine. Incermirtent LCSOs will be caleulated.
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Treagment Condizion 28 latermimens applicaion of @, and CLNaBr Atlane
silverside and mysid shrimp; 20 ppt salt wates,

The test run will be as deseribed under Treatment Condidon 2.A, except that salt warter
will be used .

Treatment Condisan 3A: Ammenia; C,; waterfles; groundwater.

To evaluate the effect of chloramines on biotoxicity, watefleas will be exposed o
groundwater chlorinated in the presence of ummonia. The test channels described earlier will be
used for this test series as well A fortyeight-h LCSO will be calculated. In addision to TRO. FAD
shall be determined on a 12.h inrerval in the stock soluton and the highest exposure

concentraton tested
Trsasnent Condison 3 B: Ammonda; C,/NaBr; mysid; 20 ppt salt warer.
To evaiuate the effecss of bromamines on biotoxicity, the test procedure deseribed under

3.A will be repeated using chlorine in combination with sodium bromide. Tus w ° include the
determinagon of FAO as in 3A

Adgizomal Teers
Ris-awav Te:os

These tests will be designed to measure oxidant decay with tme in the dark. TRO
measuremenss will be stared at approximately 0.3 mg/L and measurements shall be concnuer
wnzl a concenmadon of approximately 0.02 mg/L or less is obmined. A suMicient number of

measurements shall be obained to allow a reasonable plot of the data. A toral of four rests will
be performed as follows:

Freshwater with chlorine + sodium bromide
Salt water with chlorine & sodium bromide.

At predetermined intervals, a 200-ml aliquot will be tken, fixed with PAD, and analyzed
for residual oxidant.
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Erse Avalable Oxidant Megsurements

Using Standard Methods 408C (1985), FAO will be determined in addidon .3 TRO, once

during a test run when sodium bromide is added to the groundwzter, and once during a test
run when sodium bromide is absent.

Table 1. Summary Test Results

Treaznent Condition Test Number of
A Fluid* Cone Conzes  Species Runs Exposure

Chambers
1A Q2 v C12/NaBr cw 2 s 1 < 2 §8
1B C2 v C2/NaBr Sw2 s 1 2 - &
24 €12 vs C12/NaBr oW 2 < 1 2 2 a4
28 C2 vs Q2/NaBr Sw2 S 1 2 2 &t
3A C2 vs CL2+NH4 Gw 2 s 1 1 2 22
3b C2/NaBr vs Cw 2 5 1 1 2 p b}

Cl2/NaBr+NH4
* GW: groundwater

SW: salt water

The Toxdcity Testing Group of JHU/APL has a quality assurance/quality conrol program
for all phases of its toxicity projecss. The objective of the program is to assure that: 1) all results
are representative and valid; 2) provisions are made to idendfy and correct any deficiencies in
testing procedures or reports; 3) results of all studies provide a sadisfactory basis for comparison
with other studies; and 4) confidence in the results of the Toxicity Testing Group services is
sufficient to assure their reliability to the sponsor, regulatory agencies «nd the public. For further
details see the JHU/APL manual endtled *Standard Operating Procedures for Acute Effluent
Toxiciry Tests with Freshwater and Salt Water Organisms.” July 1987, This SOP manual is
submirted to provide quality assurance and quality control information for this study. However,
this manual, dated July 1987, is incomplete insofar as it does not reflect all condidons planned
for this study. To the extent that any condidon in the SOP is inconsistent with the condicon
stated in the prorocol, the condidon in the protoco! shall govem.
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REPQRTING PROCEDURES
Toral Residual Oxidant Rezorgng

All oxidant measurements will be reported in mg/l. When bromide (Br ) is added 10
chlorinated water, the oxidizing capaciry of the soluton will be exprested as mg/L oxidant, or

as chiorine equivalesss. No attempt or specwlator will be made on what chemical speces
constirute the oxidanm. -

1030 Remors -

The definidve acute toxicity data will be analyzed smausteally in accerdance with £P4
document 600/4-85/013.
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E & B ENVIRONMENTAL SERVICES, INC.

Tel (301) 544.8109 431 Dasry Lane
Fax. (301) 362.25T Raltimore, Maryiang =

TEE TESTING OF TEE EFFECTS OF SODIUM BROMIDE ON TEE
TOXICITY OF CELORINE TO FRESHE AND SALTWATER ORGANISMS

Test Schedule

1. Design, Installation, & Testing Cf Set-up

1.1 » porder and receive contsol eguipnment: completien 10/1%/%0
1.2 « pesign and assembly of mcdules; cempletion 10/15/%0
1.3 » 1nstallation of control eguipment: smpletion 10/31/90
1.4 « pre-op test runs; cozpleszion 11/158/90
1.5 » pregram checkout,including analytical 11/18/%0

2. Biotoxicity Test Runs ’

2.1 » Treatment ~onditien lA and/er 1B: J species 11716 s 12/31
2.4 » Treatment condition 1A and/or 1B: 3 species 171 o 1/31
2.3 » Treatment condizion 2A and 2B 2/1 =2 3/8
2.4 » Treatment condition 3A and 3B 3711 s /31
3. Die-away Test | 12/1/90 ss 1/3:
4. Final Draft Report $/1/791
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APPENDIX C

Protoeol Amendment #1
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Decexber J, 1950

PROTOCOL AMENDMENT § )

ihe following three revision te the protocel entitled *Protocsl for
the Testing of the Effects of Sodium Bromide on the Toxici.y of Chlo~

rine to Fresh and Saltwater Organisms® were discussed and approved
by USEPA representatives.

l. Test Species '

The protocol specified the commen shiner as one of the test ani=als
for treatment conditions 1A and 2A. Because of availabilizy pro-

blems, the golden shiner will be used in stead of the cs=mon shiaar
for treatment conditions 1A and 2A.

2. Size of the Shiner

The protocol specified the size of the shiner as 1 to 2 inches.
Since test animals of that size were not available from cemmescial
dealers, a larger size will be tested. Thus, for treatzent cone-

ditions 1A and 2A, golden shiners in the size range of 2.5 to 1.8
inches will be used.

3. Oxidant Delivery System

Because of the size of the golden shiner, the oxidant delivery
system described and i{llustrated in figure 1 of the preotecol.
cannct be employed. Instead, a continucus-flow oxidant delivery
system will be used, which is similar to the system described by
J.R. Vanderhorst et al. in Bull. Enviren. Contam. Toxiesl. 17:
577-584; 1877. This system consists of individual steck solutions
for each halogen concentration. Each stock selution is metered
via a Masterflex pump to a mixing chamber and mixed with deluent
water. The halogenated feed from sach mixing chamber will then
be split to each treatment rep..cate. The aguaria, housing the
test animals, will be submerged in a constant temperature bath.
There will be no changes to the analytical procedures specified

in the protoccl. All analyses will be performed as described in
the protocel.

Procram uuqcmn:i Proge népenlo::
ursen, Ph.D. Louise L. Wen, Ph.D.

Chairperson, NaBr/3rCl Panel
&A—41f5¢f4—ﬂ’

Lecnard H. Bongers, Ph.D.
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* ETHYL CORPORATION

Heal'h and Eavironment Depariment

Y usacemgy ww
[
Orrgrsatmrs N pary 41 Paras Bires
. Baer Raugn, LA T80

Decanbar 7, 1990

Dr. Lecnard K. Bongers

BiB Envircnzental Services, Inc.
431 Drury Lane

Baltimere, MD 21229

Dear Leocnard:

Enclesed is a signed protsceol azenczent for the

NaBr test. Please include it as an addendums in the
final study repers.

Locking forward to see you naxt veek.

Sincerely,
C ‘IA—__.
Louise L. Wen, Ph.D.
Chairpsarson
NaBz/Br Industry Panel
LIW:ab
0BO0LLWSO
Enclosure
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