LA e e G e O e A e S e e

TeENNESSEE VALLEY AUTHORITY
KNOXVILLE, TENNESSEE 37902
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Mr. Ralph M. Sincleir

Manager, Permits Section

Tennessee Department of Health
and Environment

TERRA Building

150 Ninth Avenue, North

Nashville, Tennessee 37219-5404

Dear Mr. Sinclair:

SEQUOYAH NUCLEAR PLANT (SQN) - NPDES PERMIT NO. TNO026450 - NOTIFICATION
OF USE OF CHLORINE/BROMINE TO CONTROL BIOFOULING

In accordance with Pact III.D. of the NPDES permit, this is notification
that TVA proposes to begin adding sodium bromide in addition to sodium
hypochlorite to the essential raw cooling water (ERCW) system at SQN. In
the past, sodium hypochlorite has been added to the ERCW system to control
clams., TVA now believes it is nec«ssary to treat the ERCW system to
control Dblofouling and mitigate microbiologically induced corrosion
(MIC). TVA proposes to use a chlorine-bromine mixture applied to the ERCW
system conlinuously, year round. Industry experience has shown that a
thlorine-bromine mixture is a more effective biocide than chlorine alone.
Like chlorine, the bromine combines with organics to form bromamines,
which are effective biocides and are lese persistent than the chlorinated
organics (chloramines) in the environment. The addition of bromine also
reduces the amount of chlorine that is needed to provide the desired
results. Therefore, the use of bromine reduces the total residual
chlorine (TRC) and aids in compliance with the NPDES permit. In addition
to the chlorine-bromine mixture, a biodispersant may also be added to
increase penetration of the biofilm and thus make the biocide more
effective.

TVA will likely contract with one of the following companies: NALCO,
Betz Laboratories, or Calion to supply the chlorine, bromine, and
biodispersant chemicals; assist with the feeding of these chemicals into
the ERCW system; and determine the effectiveness of the treatment
program. The chlorine-bromine biodispersant can be applied in a premixed
form or the chemicals cen be added individually to obtain the desired
mixture. The actual forms used will depend on which vendor is selected.
The following products are bei:ig considered:

1. NALCO Company's Acti-brom 1338--Acti-brom 1338 is an aqueous solution
containing sodium bromide and a bjodispersant. Acti-brom 1338 would
be injected simultaneously with sodium hypochlorite to obtain the
desired bromine-chlorine mixture in the ERCW system.

2. Betz Laboratories' Slimicide C-78P--Slimicide C-78P is an organic
granular material (bromochlorodimethyl hydantoin), that when
dissolved in water releases both chlorine and bromine. No additional
sodium hypochlorite is needed with this product.
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Mr. Ralph M. Sinclair

Betz Laboratories' Slimicide C-82--Slimicide C-82 is an agueous
solution of sodium bromide. It would be injezted simultaneously with
sodium hypochlorite to obtain the desired bromine-chlorine mixture in
the ERCW system. This is an alternative to PBetz Laboratories'
Slimicide C-78P.

If this treatment is not fully effective, Betz Powerline 3090, a
biodispersant, may also be used.

3. Calgon's H950--H950 is an aqueous solution of sodium bromide. H950
would be injected simultaneously with sodium hypochlorite to obtain
the desired bromine-chlorine mixture in the ERCW system.

If this treatment is not fully effective, Calgen's CL-361, a
surfactant, or TRC 233, a biodispersant, may also “e injected.

Product-specific information provided by the vendors are given in
Enclosures 1 through 6. Included with this information is the name and
general composition of each product, toxicity data, recommended dosages,
users of the product, and EPA registration number, if applicable.
Additional toxicity information compiled from the literature on chlocine-
bromine mixtures is given in Enclosure 7.

TVA proposes to upgrade the present sodium hypochlorite feed system; the
present system is wunrelisble and equipment problems have led to
ineffective treatment. TVA also proposes to install a product-specific
feed system for the bromide product ultimately selected. This will
enable the feed rates for these chemicals to be closely controlled.
Until permanent feed systems can be designed and installed, TVA plans to
contract with one of the above-mentioned vendors for skid-mounted feed
systems on a rental basis.

Actual dosage rates of sodium bromine and sodium hypochlorite are not
known at this time. The specific dosages will vary depending upon the
product selected, the number of ERCW pumps in operation, the water
chemistry, and the severity of the biofouling. However, addition of the
chlorine/bromine will be controlled such that the resulting TRC
concentration in the diffuser discharge to the Tennessee River will not
exceed 0.1 milligram per liter (mg/L). To help ensure that effective
treatment is being provided and excess chemizal is not added, the TRC
level and microbiological activity will be monitored at various points
within the ERCW system. The results of this monitoring program will be
used to minimize chemical usage and serve as an operational control to
avoid exceedances of the TRC effluent limitation established in the NPDES
permit., If o biodispersant or surfactant is necessary for effective
treatment, those additives would be fed at a rate of 3 to 10 mg/L
depending on product selected and would pose no environmental threat due
to low toxicity (as referenced in the enclosed literatura).



Mr. Ralph M. Sinclair

The initial goal will be to provide enough chlorine/bromine to maincain a
0.5 to 0.7 mg/L total halogen residual at the ERCW heat exchangers. Once
a vendor has been selected and a product-specific dosage rate determined,
your office will be provided more specific deta on the dosage rates., For

example, Calgon estimates tha: the H-950 consumption would range from
32 to 190 pounds per day per ERCW pump in operation (ERCW pump rated at
9.85 MGD), depending on the feed ratio necessary to control the microbio-

logical population, assuming an average chlorine demand of 0.4 mg/L, and
maintainin a free residual of 0.5 to 0.7 mg/L total halogen. The
estimated dosage rate for the Calgon product is considered representative
f the dosage rate that would be required for any of the other products,
)f course, variability in the dosage rate will occur depending on the
concentration of bromine and chlorine in the specific product,
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IVA requests that this information be made a part of the permit
application for renewal of the SQN NPDES permit submitted October 1, 1987,
TVA further requests that SQN be permitted to continuously inject
chlorine, bromine, and biodispersant (from the list above) yecar round
into the ERCW system for ci.m control and prevention/mitigation of
microbiologically induced corrosion with the following «ffluent limitation
and mornitoring requirement: TRC of 0.1 mg/L at the diffuser discharge
measured by multiple grab sample once per day. Multiple grab sample shall
be defined ar not less than four equally spaced grab samples during a
one-hour period.

From discussions with your staff, we understand that when the permit is
reissued, toxicity testing of the plant effluent will most likely be
requirel on a seasonal basis. We propose to begin toxicity testing of
the diffuse ‘ischarge shortly after the bromine/cilorine treatment
begins. We «.11 provide a copy of the toxicity testing procedures for
your approval prior to initiating the tests.

The skid-mounted system for chlorine addition should be installed in time
to began treatment for clam control later this spring. TVA would like to
install the skid-mounted, bromine and biodispersant feed system so that
treatment for MIC can Legin as soon as poss.ble. Therefore, we request
that the permit be renewed or modified by July 1 to allow for the
treatment of the ERCW system as described herein.

If your staff needs additional information or has any questions regarding
this request, please have them call Madonna E. Martin at (615) 632-6695

in Knoxville

Sincerely,

Ralph H. Brooks, Director
Environmental Quality

Enclosures
cc: See page 4
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Mr. Ralph M. Sinclair

cc (Enclosures):
Mr. K. P. Barr, Acting Assistant Director
for Inspection Programs
TVA Projects Division
J.S. Nucleir Regulatory Commission
Region II
101 Marietta Street, NW., Suite 2900
Atlanta, Georgia 30323

Mr. Bruce R. Barrett, Director

Water Managenent Division

U.S. Environnental Protection
Agency, Reglon IV

345 Courtland Street, NE.

Atlanta, Georgia 30365

U.S. Nuclear Regulatory Commission \\>
Attention: Document Control Desk
Washington, D.C, 20555

Mr. Philip L. Stewart, Manager
Chattanooga Field Office

Division of Water Pollution Control
2501 Milne Street

Chattanooga, Tennessee 37406-3399

Mr. G. G. Zech, Assistant Director
for Projects

TVA Projects Division

U.S. Nuclear Regulatory Commission

One White Flint, North

11555 Rockville Pike

Rockvillie, Maryland 20852



ENCLOSURE 1

Product Information for NALCO Company's

Acti-brom 1338

(This information was provided by NALCO for TVA's use in obtaining
regulatory approval for the use of the specific product.)

EPA Registration Nu=“er: The EPA registration number for
Acti-brom in recirculating systems is 1706-168.
NALCO expects approval for the registration number
for once-through systems any day.
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NALCO

AQUATIC TOXICITY SUMMARY
ACTI-BROM 1338

The acute 96 hour static cho of Acti-s8rom 1338 for the
Rainoow Trout and Bluegill Sunflish was found to be greater tnan
1000 mg/L (ppm) for voth specles.

Corresponding 24 and 48 hour LCsg's for Rainbow Trout were
also greater than 1C00 mg/L, respectively.

For Bluegill Sunfisnh the 24 and 48 hour LCsg values were also
greater than 1000 mg/L.

The 96 Pour observable no effyct concentraticn noted for both
Reinbow Trout and Bluegill Sunfisn was 1000 mg/L.

Estimated Toxicity Rating = Essentially Non-Toxic

Respgctfully submitted,

/
sl tblelink -
laude H. wolf |/
Corporate Toxicologist
March 1984

ABC/EHA&S 279/F7903/84A209
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MATERIAL SAFETY DATA SHEET

PRODUCT ACTI-BROM 1338 BIODISPERSANT

NALCO

Emergency Telephone Number
Medical (312 920-1510 (24 hours)

SECTION 1 PRODUCT IDENTIFICATION

TRADE NAME: ACTI-BROM 1338 BICOISPERSANT
DESCOPTION: An aquecus solution of bromide salt and an oxyalkylate

NFPA 704M RATING 1 HEALTH 1 FLAMMABILITY 0 REACTIVITY O OTHER
O=Insignificant 1s=Slight 2«Modarate I=figh 4=Extreme

SECTION 2 EAZARDOUS INGREDIENTS
Our hazard evaluation has identified the following chemical

ingredient (s) as hazardous under OSHA's Hazard Commmication Rule, 29
GFR 1910.1200. Consult Section 14 for the nature of the hazard(s).

INGREDIENT (S) CAS ¢ APPROX. %
Scdium bromide 7647=15~6 40+
BECTION 3 PRECAUTIONARY LABEL INFORMATION

mmmmymmmmmm. Do rnot reuse container
unless properly recorditioned.

SECTION 4 FPIRBT AID INPORMATION

EYES: Flush with water for 15 mimutes. call a physician.
SKIN: Wash thoroughly with sCap and rinse with water. all a
physician,

NOTE TO PHYSICIAN: No specific antidote is known. Based on the
individual reactions of the patient, the physician's Judgment should be
used to control symptams and clinical cordition,

CAUTION: 1If unconscious, having trouble breathing or in cornvulsiens,
do not induce vamiting or give watar.

SECTION S HEALTH EPFECTS INFTORMATION
PRIMARY ROUTE(S) OF EXFOSURE: Eye, 3Skin
EYE CONTACT: Can cause transient to moderate irritation.

PAGE 1OF ¢
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MATER!AL SAFETY DATA SHEET

PRODUCT ACTI-EROM 1338 RIODISPERSANT

NALCO
Emergency Telephone Number
Medicsl (312)920-1510 (24 hours)
SECTION S HEALTH EJFECTS INFORMATION ( COXTINUED )
SKIN CONTACT: May cause irritation with prolaxed contact.

SYMPTOMS OF EXPFOSURE: A review of available data does not identify any
symptams from exposure.

AGGRAVATION OF EXISTING CONDITIONS: A review of available da*a does
not identify ary worsening of existing corditicns.
SBECTION 6 TOXICOLOGY INFORMATION

ACUTE TOXICITY SUUDIES: Acuie toxicity stuidies have been conducted on
this product along with acut, toxicity stidies on the hazardous
Jogrecdient (s) in Sectior, 2. The results are shown below.

PRIMARY EYE IRRITATION TEST (ALBINO RABBITS):
EYE IRRITATION INDEY DRAIZE RATING: 10,8/110.0 Minimally irritating

COMMENTS: No cormeal cpacity was noted. Iridial ifrritation which
cleared three days after contact was noted, Slicat to moderate
conjunctivitis which cleared 7 days aftar cartact was 2lso ncted,
Results suggest transient f{rritaticn.

OTHER TOXICITY RESULTS:
Scdium bromide IDSO oral ‘n rots is believed to be between 3,500 ad
5,000 my/kg.

SECTION 7 PHYSBICAL AND CHEMICAL PROPERTIES

C—
> ——

OLOR: Colorless FORM: Lisuid ODCR: Nerwes
DENSTITY: 12.2 lke/qal.

SOLUBILITY IN WATER: Campletely

SPECIFIC GRAVITY: 1.46 @ &0 Degiees F AST™™ D-1298
pH (NE\T) - 7:31 AST™M E-70
VISCCSITY: 5 cps @ "2 Degrees F AST™ D~2983
FREEZE FOINT: 16 Negress F ASTM D=-1177
FLASH FOINT: Nohe (PMO0) AST™ D-9)

NOTE: These physical properties are Cypical values for this procuct.,
JECTICN 8 FPIRE AND EXPLOSION INFORMATION

FLASH POINT: None (PMCC) ASTM D-93
EXTINGUISHING MEDIA: Not applicable

PAGE 2 OF
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MATERIAL SAFETY DATA SHEET

PRODUCT  ACTI-EROM 1338 BIODISPERSANT

%

NALCO

Emergency Telephone Number

Medical (312)920-1510 (24 haure)

SECTION 9 REACTIVITY INFORMATION

INCOMPATIBILITY: Avoid contact with strong axdidizers (eg. chlorine,
puroxides, chromates, nitric acid, perchlorates, concentrated oxygen,
permancaratas) which can genearate heat, fires, explosions and the
releasc of texic fumes.

SECTION 10 PERSONAL PROTECTION FQUIPMENT

RESPIRATORY PROTEXTION: Respiratory protection is not normally needed
sirce the volatility and toxicity are low. If significant vapors,
nists or asrvecls are generated, wear a NICSH approved or equivalent
respirator, (ANSI Z 88.2, 1980 for requirements and selection).

For large spille, ety inmto large tanks, vessels or enclosed small
spaces with inadequats ventilation, a pressue-~demand, self-orrraired
breathing apparstus is reccemended.

VENTIIATION: Gensral ventilation is recommerded.
PROTECTIVE EQUIRMENT: Use impermsable gloves and chemical splush

goggles (ANSI Z 87.1 requirements ard selection of gloves, goorles,
Shoes, etc ) whan attaching feeding euipment or doing maintesorce.

SECTION 11 BPILL AND DISPOSAL INFPORMATION

IN CASE OF TRANSFORTATICN ACCIDENTS, CALL THE FOLLOWING 24-HOUR
TELEPHONE NUMBER (312-92%-1510)

SPIIL CONTROL AND RECQOVER.':

Small liquid spills: Contain withi absorbent material, suoh as saw
reclanet 11quid . Abacriant. the) LBl sbecrbart.  Shovel

StCovery or salvage drums for
disposal. Refer to CERCIA in Section 14.

large liquid spills: Dike to prevent further movement and reclaim into
facwcr,./ orlu.lv:qo drums or tank truck for disposal. Refer to CERCIA
in Section 4.

criteria of a hazard:us waste as defined under the Rescurce.
Ocrumti'nudhcovuy)ct(m) 40 C™ 261, eince it does not have
PAGE 3 OF 6
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MATERIAL SAFETY DATA SHEET

PRODUCT ACTI-ERM 1338 BIODISPERSANT

NALCDO
; Emergency Talephone Number
Medica! (312) 9201510 (24 hours)
SECTION 11 SPILL AND DISPOSAL INFORMATION ( CONTINUED )

the draracteristics of Subpart €, (i.e. DOOl through DO17) nor is it
listed under Subpart D,

As a nom-hazardous liquid waste, it should be solidified before
disposal to a sanitary landfil)l, Can be deep-well injected in
accordance with local, state and federsl renulations.

SECTION 12 BENVTRONMENTAL INFPORMATION

ACCIATIC DATA:

96 hauxr static acute ICSO to Bluegill Sunfish = Greater than 1,000 prm

§ hawr no cheerved effect concentration is 1,000 ppm based on no
mortality or aonormal effects.

TOXICITY RATTNG: Essentially non-toxcic
9smmucmumommm-cmwmnlnoomn

96Mxmmdtmmumul,000ppbasedmm
zortality or abnormal effects.

TOXICITY RATING!: Essentially non~toxic

If released into the ervircrment, ses CERCIA in Section 14.

BECTION 13 'l';l.-ﬂBPOR‘!'A‘!‘!OI INFORMATION -

DOT PROPER SHIPPING NAME/FAZARD COCE - PRODUCT IS NoT REIK"'.;TL.D
DURING TRANSFORTATICON

SECTION 14 REGULATORY INFORMATION

The following requlaticns apply to thiu product,

FEDERAL REGULATTONS:

OSHA'S HAZARD COMMUNTCATION RULE, 29 QR 1910.1200:

e s i £ e 1 i

Sodium bromide - Eye Lrritamt

PMGE 4 OF 6
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MATERIAL SAFETY DATA SHEET

NALCO
Emergency Telephone Number
Medical (312) 920-1510 (24 hours)
SECTION 14 REGULATORY INYORMATION ( CONTINUED !

CERCIA/SUPERFUND, 40 CFR 117, 302:
Notitication of spills of this product is not required.

TOXIC SUBSTANCES QONTROL ACT (TSCA) !
The chemical ingredients in this product ave on the 8(b) Inventory List
(40 CFR 710).

RESCURCE CONSERVATION AND RECOVERY ACT (RCRA), 40 CFR 261 SUBPART C & D:
If this product becomes a wvasts, it does not meet the criteria of a
hazardcus wasts.

FELERAL WATER POLIUTION CONTROL ACT, CLEAN WATER ACT, 40 CFR 401.1%
(formerly Sec. 307), 40 CFR 116 (formerly Sec. 311):
None of the ingredients are specifically listed.

CQEAN AIR ACT, 40 CFF 60, SECTION 111, 40 CFR 61. SECTION 112:
mmmum.mmwmmnxwwmmmm.

STATE REGULATIONS:

MIGIIGAN CRITICAL MATERIALS:
This product does not contain ingredients listed on the Michigan
Critical Materials Register,

STATE RIGHT TO KNOW LAWS:
T e ot doss not contain ingredients listed by State Right To Know

Q

R .

SEC..UN 18 ADDITIONAL INPORMATION

None

SECTION 16 USER'S RESPONSIBILITY

This product material safety data sheet providas health and safety
information. The product is to be used in applications consistent with
ar product literature, Irdividuals hardling this product should be
informed of the recommended safety precauticns ard should have access
to this information. For any other uses, eposures should be evaluated
SO that appropriate hardling practices and training programs cun be
establ ished to ensure safe worplace cperations, Pleasa consult your
local sales represantative for any further information.

PAGE SOF 6
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MATERIAL SAFETY DATA SHEET

PRODUCT ACTI-BROM 1338 BIODISPERSANT

NALTO

Emergency Teisphone Number

Aedical (312)920-1510 (24 hours)

SECTION 17 BIBLIOGRAPLY

ANNUAL REFORT ON CARCINOGENS, U.S. Department of Health and Huma,) Sexrvices,
Riblic Health Service, FB 33-135855, 1983,

CASARETT AND DOULL'S TOXICOLOGY, THE BASIC SCIENCE OF FOISONS, Daull, J.,
Klaassn, C. 0., and Admur, M. 0., eds., WMacaillian Publishing Cmpany, Inc.,
N. Y., 2rd edition, 1980,

CHEMICAL HAZARDS OF THE WORKPLACE, Proctor, N. H., ard Hughes, J. P., eds.,
J. P. Lipincott Company, N.Y., 1961,

DANGEROUS PROPERTTES OF INDUSTRIAL MATERIALS, Sax, N. Irving, ed., Van
Nostrard Rainhold Compeny, N.Y., 6th edition, 1984.

mmmmmmmmcmwmm
TO MAN, Gerwva: World Health Organiiation, Intermational Agarcy for

PATTY'S INDUSTRIAL HYGIENE AND TOXICOLOGY, Clayten, G. D., Clayten, F. E.,
eds., Jahn Wilgy and Sons, N. Y., 3rd edition, Vol, 2 A~C, 1%981.

REGISTRY OF TOXIC EFFECTS ON CHEMICAL SUBSTANCES, U.S. Department of
Bealth and Fuman Sexvices, Ruiblic Health Service, Certer for Disease
Cartrol, National Instituts for Occupational Safety and Health, 1983
sSpplenant of 1981-1982 edition, Vol. 1-3, CH, 1984.

Title 29 Code of Fedaral Regulations Part 1910, Suipart 2, Taxic ard
Hazardous Substarces, Cocupaticral Safety and Heelth Administration (OSHA).

mcwmummmamm&m»m PHYSICAL AGENTS IN THE
WORKROOM  ENVIRONMENT WITH INTENTED CHANGES, American Conferernce of
Goverrmental Industrial Hygienists, OH.

PREPARED BY: Jahn J. fasper, MSc., Manager Product Safety
DATE CHANGED: 03/27/86 DATE PRINTED: 09/23/87

PNGE 6 0F 6

AT MRS RN PRI B TR A SIS 1 NECRAR S 17 i T R LR R SRRSO 3 2T Y PR
1024

NALCO CHEMICAL. COMPLINY UNE NALCDO CENTER ¢ NAPERVILLE ILLINDIS BOSES
AREA J3'2-96"° IBQOQ



NALCO SHLMICAL COMPANY
ONE NaALC L JENTEN 0 NAPEAV A LD BOSHBA .24 9 AmE S D A-QE "2

’

January 14, 1988

Mr. W. A. Nestel

Tennessee Valley Authority
1N 54B Blue Ridge Place
1101 Market St. -
Chattancoga, TN 37402-2801

Dear Mr. Nestel:

Thank you for inviting us to the TVA-Sequoyah Plant to discuss
Acti-brom. We enjoyed meesting with all of you.

Listed below are the answers to the questions which came up
during our discussions.

-~

* -

7) The use of bromine cheaistry at Alcoa is still {n the
proposal stage-so there is no reference available.
However, bromine cheaistry is used at two (2) DuPont
plants in the State of Tennessee. The contacts at
these plants are: ;

A) DuPont Chemical Co.~- 01d Hickory, TN
Bob Berthold or Terry Barnes (Envir.)
(615)847-6394

B) DuPont Chemical Co. =~ Memphis, TN

Larry Hordon or Steve Hodorowsky (Envir.)
(901)353-7100

If you need any further information, please contact me.

Sincarely, ’
/ v R e

CApobth= (G S~ o

7 / / St
Sandra M. 'Xoeplin-Ga.l, Ph.D.

Utility Chemicals Group
SMXG/tln

Enclosures



Reference List of Nuclear Plants

Using the Nalco Acti-Brom Progranm

Arizona Nuclear Power Project-Palo Verde Generating Station
Philadelphia Electric Company-Limerick Generating Station
Commonwealth Edison é;;pcny-syron Generating Station
Commonwealth Edison Company-Drecden Generating Station
Houston Light and Fower Conpnay-South Texas Project

Northern States Powver Coampany-Monticello Generating Station

Note: There are currently over 50 applications of Acti-Brom
1338 at both fossil and nuclear generating stations in
the United States.
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NALCO

Product Benefils

Utility
Chemicals

Product
Bulletin

ACTI-BROM™

1338

® Helps maximize turbine
condenser s‘ficiency

e Helps extend condenser tube lilv

e Can reduce maintenance cosis

CHLORINE
ENHANCER
BIODISPERSANT

e Can reduce chiorine residual in
the discharge

® Minimizes chiorine usage

Principal Uses

ACTI-BROM 1338 is used to
enhance chioring activity in utility

cooling water systems This producl

can be paricularly useful in situa

tions where biological control € an-
not be obtained within the lega
chiorination time limits or where
chlorine residua’s are a problem

General Description

ACTI-BROM 1338 is an aqueous
solution containing a bromide salt
and biodispersan! ges gned 10
improve chiorne activity. Since
ACTLBROM 1338 is not a biocide,
it 18 easy 10 handle and feed

ACTEBROM 1338 can be used
with either gaseous chiornne or
sodium hypochlorite

Appllcutloﬁ

ACTL-BROM 1338 should be fed
directly from the drum of bulk
storage tank to a location in the
chiorination sysiem where it will be

unilormly mixed and Ihoroughly ais-

rributed The speciltic dosage of
ACTI-BROM 1338 will vary depenc
ING UPON (Ne Operating character
istics of your system. the wale
chemisiry, and (the severily of prob-
lems encounitered Your Naico

Porm Colorless i.quid
Density 122 '/gal
ph (Weat) 80 (max)
Freeze Point 16°F
Viscoslty (@ T2'F) 5cp
Flash Point (PMCC) None

representative will recommend the
optuimum dosage necessary 10
ensure maximuym program
perfcrmance for your system

ACTI-BROM 1338 is noncorrosive
10 materials normally used in leed
ing systems For specific feeding
and matenal comp.hblhty instryc
nons. consult your Naico represen
lative

Handling and Storage

ACTHBROM 1338 should be
handled with caution Do not get in
eyes Avoid contact with skin and
clothing. In case of contact /m
mediately Hush with large amounts
ol water for at least 15 minyles, for

eyes, also ge! medical attention. Do
not take internally. Keep out of
reach of ¢hildren

Recommended invplant slorage
limil 1S ONg year

(Contiriyed 0n Reverse S«de)

w

NALCO CHEMICAL COMPALUNY
UTILITY CHEMICALS
ONE NALCO CENTER 0 NARERVLLE LLNOS 80888 10Re
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NALEO

Shipping

ACTI-BROM 1338 s available in
bulk quantities, $5-galion, non-
relurnable, lined steel drums weigh-
ing approximately 670 pounds net
or returnable stainiess stee!
PORTA-FEED® units with a max-
mum capacity of 385 gallons.

The pruduct i€ shipped from the
neares! manulaciunng rr ware
housing facility



Chlorine Min'mization with
a Chlorine-Bromine-
Biodispersant Mixture

NALCO

691 wsdey



Presented a! the Amernican Power Conference 4B1h Annual Meeing

Apni 23-25 1984 Chicago. llinois

CHLORINE MINIMIZATION WITH A
CHLORINE-BROMINE-BIODISPERSANT MIXTURE

F W KRAEMER and AF GEPHART
Toleao Edison Company, To'edo, OM

S. KOEPLIN-GALL
Nalco Cremical Company

ABSTRACT

Biofouling is a problem in every utility Toledo Edison-
Bayshore Station has investigated several methods of
biofouling control. The most effective method was an
activated bromide chlorine mixture.

The activated brom:de chlerine mixture demonsirates
enharced performance over chlorination alone. The
activated bromide mixture is more effective at alkaline
pH values than chlorine It provides similar system
performance st lower dosages and shorter treatment
time periods than chlorine alone. Field studies have
shown an 5.5 estiniated yearly decrease in total
oxidant utilizing an activated bromide misture instead
of chlonne alone. In addition. the activated bromide
mixture never exceeded a concentration of 0.2 mg/l
TRC, whereas, chlorine alone did. Corrosion rates for
the activeted bromide mixture were similar to chlorine
alone, but overall corrpsion should be leas due to the
shorter treatment time

This paper will discuss the laboratory and field studies
perfcrmed at Toledo Edison-Bayshore Station 1o
determine the effectiveness of an activated bromide
mixture, Studies involving biological control, total
residual oxidant dvterminations and corrosion rates will
be addressed.

INTRODUCTION

Fouling caused by microorganisms is a problem in
electric utility systems. Extra fuel costs to the electnc
utility industry due to binfouling have been estimated at
$400 million a year. With the costs of plant operation
nsing at a dramatic rate. any programn that improves
elliciency neads (o be impiemented.

The ondenner is \ne larges: single area that can affect
pan. efficiency. The (smperutures inside & Lypical
condenser provide an ideal environmet fur the growth
ol microorganisms. Even a few thousandthaof an inch of
slime deposit on a condenser tube — an almost inviai' le
layer — has been shown to affect condenser efficiency,
plant heat rate and maintenance costs. The slime layer
forms a sticky surface which allows silt and other
particies to adhzro to the tube surface. In addition to

heat transfer losses due to this insulating layer, cor-
rosior and piiting can occewr under these deposits,
causing long term damage to the system.

Biofouling is generally contrelled by chlorination with
either gaseous chlonne or iiquid sodium hypochlorite

Based upon Federal Power Commission data, about
6.7 of the 842 steam electric plants in their data base
use chlorination for microbiological control Chlorination
practices have come under close scrut’-  Tum the
Environmental Protection Ager.sies due . = toxic by-
products which are believed to form. Electric vtilities
specifically have been singled out for close regulation of
their chlorine discharges. This has forced the electric
utility industry to look at zhlorine minimization and
alternatives to chiorine to meet the strict discharge
limits while maintaining adequate plant perforragnce

The Toledo Edison- Rayshore Station began a chlorine
minimication prograii in February of 1976. The Bay-
shore Station has 4 fossil fueled unite. The intake bays
are locatea directly across from the ity of Toledo
Sewage Trestment Plant Each unit has a once through
condenser which takes water from the Maumee River
Historically, slime and algae growth nas been a problem
in these condensers. Chlorine was necessary to control
the mucrobiological gromth Analytical data gathered
since 1989 have shown typical maximum TR('s of |
to 3 mg/l

A chlorine minimization study resulted in a 27% reduc-
tion in the pounds of chlorine used per year. Howe. . 1,
this recuction did not reduce the Total Residual Chlor-
ine (TRC) value to the 0.2 mg/l, which is specified in
USEF A Guidelines Dechlorination by either sodiuin
sulfite or sullur dioxide was considered However, both
metho (s vere determined to be too expensive

Alten ttives to chlorinetion which could reduce the
TRC alue to 0.2 mg/l were investigatec. Chlorine
dioxid + was tried during 1981, This program proved to
he eff ctive out only at a cost equal to four times the
currer . chiorine costs. In addition, high capital ixpend.
t. "es v ould be needed for a permanent feed installation,
and th - safety of personnel and plant equipme=t would
be jec rardized. Chlorine dioxide could pr.oably meet



the TRC limita, but at an unjustifiably high coet
Consequently, other alternatives were sought.

A chlorine alternative, which used a chlorine, bromine
and biodispersant mixture, was evaluated during 1982.
This pmgram is referred to as an activated bromide
program since a bromide salt and biodispersant mixture
are used in coniunction with chiorine to produce the
oxidsnt species The biodispersant assists in penetirs-
tion of the biofilm.

This paper will discuss leboratory and field trial 1esults
obtained with the chlorine-bromine biodispersant or
sctivated bromide mixture.

EXPERIMENTAL -

Chlorine is used to activate the bromide and bio-
dispersant mixture according to the following reaction

HOC| + Br~ = HOBr + CI-

The chlorine residual to bromide ratio can be varied to
obtain a syste:n which corntains anywhere from a total
bromine esidual to a total chlorine residual This is
particularly important in systems with high ammonia
levels since bromamines degrade more rapidly, and
consequently, are not as persistent in the environment.
This reduces the TRC and aids in compliance. Per
formance ¢ also enhanced since bromamines are known
to he mere biologically active than ciloramines.

Chlorine and bromine residuals can exist as either
un-ionized or ionized species in water. The conversion
from one species to another is pH dependent This cen
be seen n Figure |

At pH 7.5, 0% of the available chlorine is HOC! and
50% is OCI= Asthe pH is increassd. more iunized OC|-
is present relative to HOCL OC!" is known to be only
1/80 to 1/100 es effective a biocide as HOCL It is
important to use the most effective biocide possible
particularly in once-through systems where ccntact
time is limited

Figure | a!a0 shows the pH dependence of hypobiomous
acid At pH 7.5, over 307 of the oxiuant is present as
HOBr. At pH 8.7, over 50% of the material is present as
the un-ionized acid There is ainc evidence that OBr- is
s more elfective biocide than OCI=, which further
snhances the effective pH range of bromine residuals
These curves demonstrate that breinine residuals will
provida better biocidal performance than chlorine in
asstems which operate at higher pH valuea

Performance data generated in i laboratory compared
the biocidal activity of chlorine alore and the activated
bromide-chlorine mixture. The = data are shown in
Figures 2 and 5. At a typical contact time of 15 minutes,
it takes 2.5 ppm of chlorine to schieve 0.00]1 % survival
Under the same conditions, it takes only .25 ppm of the
activated bromide-chlomne muxture
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Figure | — Distribution of aqueous chlorine and
bromine s lutions at variows pH values
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Figure 4 — Laboratory data from May 10, 1983

This effect is more pronounced when the contact time is
reduced to only 2 minutes. In this situation, a chlorine
dosage of 2.5 ppm sllowed 75% survival Under the
same conditions, with 2.5 ppm of the activated bromide-
chlorine mixture essentially stemle conditions were
achieved in only 2 mi utes.

As can he seen from these data, (he activated hromide-
chlorine mixture provices faster kills at lower dosages
For this reason, a field tnal of this program at the
Toledo Edison-Bayshore Station was undertaken

PRELIMINARY FIELD TRIAL

The initial recommended treatment rate for this prelim-
inary program was to reduce the current chlorination
dosage in half and feed for only half the time In
addition, 0.85 pounds of the activated bromide mixture
was to he added per pound of chiorine used This
resulted in an initial decrease in total uxidant of 46%.

The field trial at Toledo Edison. Bav Shore Unit No. |
began in June, 1982, e7d was completed in July, 1952
Visual inspections verified that condenser cleanliness
was maintained throughcut the perod. The total dosage
concentration of the activated bromide-chlonne mi«.
ture over the entire period veraged 2.24 mg/l. During
this satae period, # sister unit, Bay Shore No. 2. was
treated using chloru.e alone at an average concentration
of 9.11 mg/l This represents a reduction of 75.4°. In
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Figure 8 — Laboratory data from June 7, 1983

total oxidant usage based on concentration In addition,
it was necessary to chlorinate Bay Shore Unit No. 2 for a
period of 60 minutes per day, or 3 times longer than
Unit No. 1.

Based on these figures, a total of 584 |b of chlorine was
used on Bay Shore Unit No. 2 while 23.9 Ib of total
oxident was uscd on Bay Shore Unit No. 1. This
representa a reduction of 9597 in the pounds of
oxidant used per duy.

In addiion to the cost savings realized by Toledo
£dison, an estimated annual 409.5 ton reduction in
total oxidant must also be considered as a benefit to the
environinent.

LABORATORY STUDIES

Laborat iry studies during May and June of 1983,
venfied the effectiveness of the activated bromide-
chionne muxture with Maumee River water These
studies 1nonitored total plate counus versus total oxidant
dosage [he Tect of two different chlorine to bromide
ratios w.s a. investigated These data cen be seen in
Figures | & 5.

In May f 1983 ‘Figure 4), chlorine alone requir d 2.,
ppmto IR0 of the hacteria present in the meke-up
water, Only 0.5 pprm of a mixture ir. a 2:1 rotio of
bromide to chlonne was required for comparable kil A
mixture in a 1:1 bromide-to-chionne ratio required 0.7
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Figure 8 — Total oxidari dosage for activated bromide
¢ ve chlorine

ppm to accomplish the task In this situation, 3 4 times
more chiorine alone was required than either of the two
activated bromide-chlonne mixtures.

This experimen. was repeated again in June of 1983,
These data can be seen in Figure 5 In this situation,
chlorine alone required about 7 times the dosage that
either of the chlorine-activated bromide mixtures did.
These expeniments clearly demonstrate the added
efficacy which an activated bromide chlorine mixture
provides.

CORROSION STUDY

Laboratory studies were also performed to determine
the corrosiveness of the activated bromide-chionne
mixture versus chlorine alone. Mild steel admiralty,
and 304 stainless steel coupons were exposed to @
chlorine and aciiveted bromide-chlorine residual of 2
times and 1000 times the normal expected alue. The
results of these experiments are shown in Table |

The data were taken for 8 24 hour period. The corrosion
rates are reported based on 24 hours of continuous
treatment. These data were then recalculated to allow
for a typical treatment time of only 1 hour per day
These data are listed under the expected corrosion
rates

If the ireatment dosage remains below 2 times the
normal value for only | hour per day, there should be no
substantial corrosion of any of these metallurgies
However, 24 hour continuous treatment at 2 times the
normal dosage will increase the corrosion to a marginaliy
acceptable level
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Figure 7 — Total residual oxidant for activated bromide
~ ehlomre va chlorine

If the dosage is increased to 1000 times the normal
value, there will still be no substantial corrosion as long
as the tieatment time is one hour or less. 24 hour
treatment at 1000 times the normal dosage will incur
tremendous corrosion These dosages would only be
seen by the concentrated chlorine line. The syster:
would normally dilute the chlorine well below this leve

" FIELD TRIAL

The final test for the activated bromide chlorine mixture
was i long term field trial on Unit No. 1 at the Toledo
Fdison Bayshore Station De=ng this tral several
parameters were monitored The condenser was phys-
ically inspected whenever possible. Back pressure and
total residual oxidant va'es were monitored And
finally, total ; late counts v . re performed to determine
the effect ol the disinfec ant on the microbiological
population [ 'ue to the ris} of contamination on the No
2 side of Unt No. 1 concenser during chlorination of
Unit No. 2, only the N¢ 1 side of the No. | Unit
condenser w s used for t/.- evaluation

Bayshore St. tion No. | Condenser is Jual-pass and has
the capabilit. of reversing llow. Side 1 was treated with
the activated bromide-chl .rine mixture for 10 minutes
per day. Bayshore Station L'nit No. 2, a sister unit, was
treated with geseous chlorine for a period of 60 minutes
per day. This trial will continue through May 1984. The
resulting dat ., through Deceinber 1983, can be seen in
Table 11 and Figures 6 and *. Figure 6 shows a com-
panson of th - dcsage of ar a-uvated bromide-chlorine
mixture va. hlorine alonc Figure 7 shows that the




Tabie | — Torrosion results @ 70°F

ADM' M8 30488
(mpy) (mpy) (mpy)

Activated Bromide-Chlorine Mixture
1000 imes normal cosage

(24 hours) 54 761 15
1000 imes normal couage

(expecied 01 19 00
2 imes norma' gosage

(24 hours 02 47 01
2 times no'mal dosage

(@xpecien 00 0 00
Chiorine Alene
1000 imes normal cosage

42‘ AOUTS) ca '403 - 0J
1000 umes normal oosage

(expecieq) 00 58 00
2 himes normal cosage

<4 hours g2 51 00
¢ umes normal cosage

(expecter on 02 00
‘Agmiryity
W Sree
ISteniess Stee

activated bromide-chlonne mixture never exceeded the
USEPA Guidelines of 0.2 mg/| TRC. In fact. it aeldom
was above 0.1 ppm TRC; whereas, chlorine was fre-
quently above this value.

From June throug!: December, 1953, the Mo 2 Unit had
an average chlorine dosage of 7.85 mg/l, whereas the
No 1 Unit had an average dosage of 2 38 mg/| total
oxidant (activated bromide-chlorine)l The sctiveted
bromide-chlorine mixture was fed for 10 minutes per
day. The chlorine alone was fed to No. 2 Unit for 60
minutes per day This represents a yearly savings of
170,000 pounds of oxidant per unit. In addition tc a
significent savings of chemicals, it also allows the
station to change from gaseous chlorine to activated
bromide and chiorine solutions at a cost savings.

CONCLUSIONS

("hlonne minimization alone will not provide sdequate
biofouling control of the condensers at the Toledo
Edison-Bayshore Suation Field and laboraiory studies
show that there would be frequent exceedances of the
02 mg/l TRC USEPA Guidelines. While a dechlorin-
ation system woula prevent this, it would be expensive
from bhoth 8 chemical and equipment standpoint

Chlomne dioxide can jirovide sadeguate microbiological
control However, this program would cost 4 times more

Table 11 — Results of activated brom ide chlorine

mixture 18 chiorine alone
Unit 1 Side 1 Unit No. 2|
Activated
Bromide-Cl, Cl, Total
Total Oxidant Oxidant
Date Dosage ppm  TRO' | Dosage ppm TRO'
67 27 000 78 040
613 27 010 78 282
614 27 015 78 080
6-15% 27 010 T8 050
6-16 27 005 TR 036
817 ? 00% 78 040
6-20 20 005 78 035
R21 20 500 78 035
8-22 10 e | 78 060
A3 20 0% T8 040 |
27 20 010 '8 058 |
-28 27 00% -1 o
1130 27 0.00 78 063
‘e 27 000 ’8 0
11 38 000 -1 -t |
20 58 000 91 032
&3 27 000 104 025
E 10 20 000 81 080
£ 17 2 000 g1 050
# 23 kR 0% R 025
2¢ 000 -3 -

' 7 20 000 78 055
04 20 000 78 028
32 000 78 048
28 32 000 '8 078
119 2¢ 0.00 2 135'

26 24 000 72 110 |
! 14 004 72 000‘
-9 22 000 -1 -t
t <18 2¢ 000 -2 -

25 89 000 T2 145 ,
t -30 3 004 12 076
b e1d 37 000 £5 162 |
R £ 3? 00! £5 £2a3
L' 28 3? 007 68 037

' AT asurer ¥ the ettiuen! siream OuUtal
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th..n chlorine alone. In addition, personnel safe ty would
be jeopardized

Ar activated hromide-c hlorine mixture was found to be
an rffective biofouling control agent. Laboratory studies
denonstrate the effectiveness of this program st alkaline
plt values. Laboratory and field studies show the
efictiveness of this program at lower dosages than
chiorine nlone. In the eight-month field trial, & system
troated with an activeted bromide biodispersant.
chonne mixture required 927 less oxidant than a
sirilar system treated with chlorine alone. In addition,
the unit treated with the activated bromide mixture
ne er exceeded the 0.2 mg/| TRC USEPA Guideline



This reduction in total oxidant represents a 27 6% cost
savings over chlorine gas alone. It is also & significant
environmental adventage since approximately 170,000
|b less oxidant per unit would be used by the Bayshore
Station annually.

Corrosion rates for chlorine and activated bromidc-

chlorine mixtures are essentially the :a 1e However,
the activated bromide mixture will be operated for a

much shorter time period. The overal! corrosion should
be less for this reason

Overall. an activated bromide chlorine mixture is the
moat cost effective method fer the Toledo Edison:
Bayshore Station to meet the USEPA Guidelines of 0.2
ng/| TRC and maintain a system i'ree of microbiological
growth

.!, Fapanw T eman o Neco Dmmwcs Compeny Prinied « USA 1088



ENCLOSURE 2

- -

Product Information for Bet:z Laporatories'

Slimicide C-78F

(This information was provided by Betz Laboratories
for TVA's use in obtsining regu.atory spproval
for the use of the specific product.)

EPA Registration Numbor: 5785-65-3876



B 7

T e g e e dw——" v

oroduct facts

BETZ® SLIMICIDE C-78P
MICROBIOCIDE o

o Long-lasting proteJtion-ccatrolied hiocide re-
lease

® Fast-dissoiving granular form
* Generstes sffective concentrations rapidly
o EHective on bacterial, fungal, and aigsl fouling

DESCRIPTION AND USE

BETZ Siimicice C-78P is an ef‘ective, broad-spec-
trum microbiocice In & granuiar form. The product
containg active broming and chiorine in 8 stabilized
form; they 8re released into the water in & controlied
fashion as the granvies ¢issoive.

Bromine and chioring work together 1o provice effec-
tive control for 8 brosd spectrum of siime-forming
organisms. controiing slime  accumulations,
Nimicige C-78P alicws cooling towers and hest ex-
£Hangers 1o operate at peak efficiency and raduces
the tencency (or UNJerceposit COrrosion.

Slimicide C-78P is particularty well-suited for applice-
tions that reguire shock dosing. For exampie. the
rapid gissolution rates typical of this product make
possidie effective biclouling control of utility surtace
condensars without exceeding total reaidual oxcant
discharge limits

BETZ Simicice C-78P may be used aiternately with
other BETZ Siimiciges 10 improve oversll oro?ram
offectiveness by reducing the development of mi-
croorgenism straing that are resistant 10 & sNngle
biocical agent

Slimicide C-78P is registered with the Emaronmental
Protection Agency for the control of bacterial, fun-
gal, and aigal shmes in iIndustrial cooling towers
ONCe-tNrough COOuNg Bystems, Drewery Dasteun
zers, air washers, influent water systems, such as
flow-through fiters and lagooNns, and iNdyustral water
scruching systems.

TREATMEN" AND FEEDING REQUIREMENTS

in small systems, BETZ Siimicige C-78P can he le¢
directly 10 the COONNG waler, DasteuUrzer, Of &

GENERAL PROPERTIES

Bromo-chioro Mrydantom
N InQgrecients

Appearance ) white granules
Buik Denmity . 64.5 in/tr (1033 ko rme)
EPA Reg. No. . 5785-65-3878
pH (5% dispersion) - ol Mt A 4.7
Solydilrty . R T A 5 1%

SAFETY PRECAUTIONS

A Matenal Satety Data Sneet containing detailed in-
forrmation -elative 10 this product is avalable upon
request,

PACKAGING INFORMATION

RET2 Simcide C-78P comes in granular form. it i
supphed in 6. 5-gal (25-1). polyethylene containers
Approximate ne' weight per container i S0 I (23
kQ).

PEC 486 8712

¢ 1987 BETZ ABCRATORIES INC ALL RIGQNTS RESERVED



RETZ LABORATORIES, INC.
4636 SOMERTON ROAD, TREVOSE, PA 19047

PRODUCT: SLIMICIDE C-78P

1/12/88 AQUATIC TUXICOLOGY
RAINBOW TROUT =

96 HR. LC%O 0.87 MG/L
DAPHNIA MAGNA

48 HR. LC%0 0.47 MG/L
FATHEAD MINNOW

96 HR. LCS50 0.25 MG/L

DEHALOGENATED SLIMICIDE C-78P

RAINBOW TROUT
96 HR. LCS50 6100 MG/J.

DAPHNIA MAGNA
48 HR. IL50 1300 MG/L

FATHEAD MINNOW
$6 HR. LC50 8100 MG/L



BETZ LABOKATORIES, INC.
4636 SOMERTON ROAD, TREVOSE, PA. 19047
BETZ MATERIAL SAFETY DATA SHEET X
24 HOUR ENERGENCY TELEPHONE (NEALTH OR ACCIDENT) 215/355-3300

(PAGE 1 OF ?)

PRODUCT : SLIMICIDE C~-78P EFFECTIV™ DATE 07-14-87
REV.: SEC.9

PRODUCT APPLICATION : SOLID MICROBIAL CONTROL AGENT.

INFORMATION ON PHYSICAL HAZARDS, HEALTH HAZARDS, PEL'S AND TLV'S FOR SPECIFIC
PRODUCT INGREDIENTS AS REQUIRED BY THE OSHA HAZARD COMMUNICATIONS STANDARD 18
LISTED. REFER TO SECTION 4 (PAGE 2) POR OUR ASSESSMENT OF THE POTFNTIAL ACUTE

AND CHRONIC HAZARDS OF THIS FORMULATION.

1=BROMO=3=CHLORO=S5 , 5=DIMETHYLHYDANTOIN###CAS§16079~88~2 ;OXIDIZER ;EYE AND
SKIN IRRITANT;PEL:NONE:TLV:NONE.

ceeneSECTION 2«cccec ccceeTYPICAL PHYSICAL DATA-e=cmccccgucccnas cssscses
PH: 5% DISP. (AFPROX.) 4.7 ODOR: HALOGEN

FL.PT.(DEG.F): >300 SETA(CC) SP.GR. (70F)OR DINSITY: 65 LBS.CU.PT.
VAPOR PRESSURE (mmHG): NA VAPOR DENSITY (AIR=1): NA

VISC cps70F: NA SSOLUBILITY (WATER): 1

EVAP.RATE: NA WATER=] APPEARANCE: WHITE

PHYSICAL STATE: GRANULES FREEZE POINT(DEG.F): NA

ceeasfECTION JeovcecencccsREACTIVITY DATA cccrocascnncnacaccsces cocssss

OXTIDIZING AGENT.DO NOT STORE OR MIX WITH REDUCING AGENTS
Ti..MAL DECOMPOSITTON (DESTRUCTIVE FIRES) YIELDS ELEMENTAL OXIDES.



BETS MATERIAL SAFETY DATA SEEET (PAGE 2 OF 3)

PRODJCT: SLIMICIDE C~78P
~==e=GECTION 4 ~=HEALTH HAZARD EFFECTS -
ACUTE SKIN EFFECTS #*¢+* FRIMARY FUTE OF EXPOSURE

“ODERATELY IRRITATING TO THE SKIN.MAY BE CORROSIVE IN CONTACT WITH MOIST
Am% EFFRCTS #*#e

SEVIRE IRRITANT TO THE EYES
ACUTE RESPIRATORY EFFECTS #e+

DUSTS CAUSE IRRITATION TO UPPER RESPIRATORY TRACT
CHRONIC EFFECTS OF ( /EREXPOSURE® **

NO EVIDENCE OF POTENTIAL CHRONIC EFFECTS.
MEDICAL CONDITIONS AGGRAVATED ##¢

NOT XNOWN

SYMPTONS OF EXPOSURE ##¢
MAY CAUSE RIDNESS OR ITCHING OF IKIN.

PRECAUTIONARY STATEMENT BASED ON TESTING RESULTS ##e
MAY BS TOXIC IF ORALLY INGESTED.
=====SECTION S===-em=eeee-PIRST AID INSTRUCTIONS========e=-x= reememcene
SKIN CONTACT##¢
REMOVE CLOTHING.WASH AREA WITH LARGE AMOUNTS OF SOAP SOLUTION OR WATER
FOR 15 MIN.IMMEDIATELY CONTACT PHYSICIAN
EYE CONTACT###
IMMEDIATELY FLUSH EYES WITH WATER FOR 15 MINUYES.IMMEDIATELY CONTACT A
PEYSICIAN POR ADDITIONAL TREATMENT
INHALATION EXPOSURE###
EMOVE VICTIM FROM CONTAMINATED AREA.APPLY NECESSARY FIRST AID
-REATMENT , INMEDIATELY CONTACT A PHYSICIAN.
INGESTION®##
DO NOT FEED ANYTHING BY MOUTH TO AN UNCONSCIOUS OR CONVULSIVE VICTIM
DILUTE CONTENTS OF STOMACH.INDUCE VOMITING BY ONE OF THE STANDARD
METHODS . IMMEDIATELY CONTACT A PHYSICIAN
«===eBCTION §=======eees§PILL, DISPOSAL AND FIRE INSTRUCTIONS======n==
SPILL INSTRUCTIONS##+
VENTILATE AREA, USE SPECIFIED PROTECTIVE EQUIPMENT.SPILLED MATERIAL
WHICH CAN NOT BE RECOVERED FOR RE-USE,SHOULD BE PLACED IN A WASTE
DISPOSAL CONTAINER AND DISPOSED OF IN AN APPROVED PESTICIDE
LANDFILL,.SEE PRLOUCT LABEL STORAGE AN) DISPOSAL INSTRUCTIONS.
PRODUCT RELEASES CHLORINE WHEN WET.SPILL RESIDUE MAY BE
NTUTRALIZED WITH 3% HYDROGEN PEROXIDE SOLUTION.
DISPOSAL INSTRUCTIONS®#+
WATER CONTAMINATED WITH THIS PPGDUCT MAY BE SENT TO A SANITARY
SEWER TREATMENT FACILITY,IN ACCORDANCE WITH ANY LOCAL AGREEMENT,A
PERMITTED WASTE TREATMENT FACILITY OR DISCHARGED UNDER A NPDES FERMIT
PRODUCT (AS IS)-
TJRY IN AN APPROVED PESTICIDE FACILITY OR DISPOSE OF IN
ACCORDAACE WITH LABEL INSTRUCTIONS
FIRE EXTINGUISHING INSTRUCTIONS##
FIREFIGHTERS SHOULD WEAR POSITIVE PRESSURE SELF-CONTAINED BREATHING
APPARATUS (FULL FACE-PIECE TYPE).
DRY CHEMICAL,CARBON DIOXIDE,POAM OR WATER



BETS MATERIAL SAFETY DATA SHEET (PAGE 3 OF 3)

PRAYWCT: SLIMICIDE C-78P
.---..mw 7.-.—--0----.mm mam mm-.---------““--

VENTILATION PROTECTION###
ADEQUATE VENTILATION TO MAINTAIN DUST CONCENTRATIONS BELOW THE EXPOSURE

LINITS OF 10MG/M3 (TLV) AND 15MG/M3 (PEL) FOIL NUISANCE OR INERT DUSTL
RECOMMENDED RESPIRATORY PRO1ECTION##e

IF VENTILATION IS INADEQUATE OR SIGNIFICANT PRODUCT EXPOSURE IS LIKELY,

USE RESPIRATOR WITH ORGANIC VAPOR,ACID GADSES AND DUST/MIST CARTRILGES.
RECOMMENDED SKIN PROTECTION#¢+

GAUNTLET-TYPE NEOPRENE GLOVES, CHENICAL RESISTANT APRON

WASE OFF AFTER EACH USE.REPLACE AS NECESSARY
RECOMMENDED EYE PROTECTION®#+#

AIRTIGHT CHEMICAL GOGGLES

weeee=SECTION 8==ceeeaceee§TORAGE AND HANDLING PRECAUTIONS~=<=ssesccces

STORAGE INTTRUCTIONS##¢
KEEP DRUMS & PAILS CLOSED WHEN NOT IN USE.
DO NOT EXPOSE TO MOISTURE
HANDLING INSTRUCTIONS#**¢
GENERAL~IMMEDIATELY REMOVE CONTAMINATED CLOTHING,WASH BEFORE REUSE
EPECIFIC- OXIDIZER.EMITS TOXIC FUMES WHEN WET.

- --.'ﬂxo" ’--u--------nom ucuu?zo".----- ...... -

FIFRA(4OCFR) : uPA REG.NO., 5785-65-3876

OSHA (29CFR) ~USE PROTECTIVE EQUIPMENT IN ACCORDANCE WITH 29CFR SECTIONS
1910.132-1910,134, USE RESPIRATORS WITHIN USE LIMITATIONS OR ELSE USE
SUPPLIED AIR RESPIRATORS.

REPORTARLE QU'NTITY: AS IS PRODUCT (HAZARDOUS SUBSTANCE)
NOT APPLICABLE

RCRA(40CFR) : IF DISCARDED,THIS MATERIAL BEARS HWI§ NOT APPLICABLE

DOT (49CFR)CLASSIFICATION: OXIDIZER

NFPA/HMIS : HEALTH = 3 ; PIRE = 1 ; REACTIVITY - 0 ; SPECIAL - OXY : PE - C

LA R A R R R R R R R R T

THIS DOCUMENT IC PROVIDED TO SUPPLY ALL THE INFORMATION NECESSARY TO COMPLY
WITH OSHA HAZARD COMMUNICATIONS REGULATIONS, AND RIGHT-TO-KNOW REQUIREMENTS.
WEILE TRE INFORMATION AND RECOMMENDATIONS SET FORTH HEREIN ARE BELIEVED TO
BE ACCURATE AS OF THE DATE HEREOF, BETZ LABORATURIES MAKES NO WARRANTY WITH
RESPECT THERETO AND DISCLAIMS ALL LIABILITY FROM RELIANCE THEREON.

HAROLD M. HERSH
ENVIRONMENTAL INFORMATION COORDINATOR
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ENCLOSURE 3

-

Product Information for Betz Laboratories'

Slimicide C-82

(Thie information was provided by Betz Laboratories
for TVA's use in obtaining regulatcry approval
for the use of the specific product.)

EPA Registration Kamber: 5785 66-387¢
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BETZ LABORATORIES, INC.
4636 SOMERTON ROAD, TREVOSE, PA.19047

PRUDUCT: SLIMICIDE C-82

1/15/88 it

AQUATIC TOXICOLOGY
FATHEAD HMINNOW 96 HL. LCS50: 16,479 MG/L NaBr
DAPHNIA MAGNA 48 HR. LCS50: 11,000 MG/L Br-

POECILIA RETICULATA 96 MR, LCS0: 16,000 MG/L Br-
ORYZIAS LATIPES 96 HR. LC50: 24,000 MG/L Br-

Data supplied by manufacturer



ENCLOSURE «

———

Product Infoirmation for Betz Laboratories'

Powerline 36490

(This information was provided by Betz Laboratories
for TVA's use in obtaining regulatory approval
for the use of the specilic product.)

EPA Registraiion Number: Not Applicable
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The Waier Management Dramon of Bew LESoraiones Inc
Jenuary 21, 1988

Mr. Wililam A. Nestel

Program Manager, Chemistry
TENNESSEE VALLEY AUTHORITY
Lookout Place §

South 61 E-C

1101 Market Street -
Chattancoga, TN  37402-2801

Dear Mr. Nestel:

Attached for your reference is a new Aquatic Toxicology data shest for our
blodispersant, Bet: Powerline 3690, The data sheet has been ~evised to
include the results of the aquatic toxicity evaluation on Dapknia megnas
conducted this week in order to provide TVA with a mwre complete envircn=
mental affsirs package.

In our initial aquatic toxicity evalustion on rainbow trout conducted seversl
years ago, Powerline 3690 exhibited such a low order of tox'city that neo
further studies were conducted on other aquatic organisms,

Betz Powerline 3690 was shown to produce 0% mortality en Daphnia magna at
» dosage of 500 mg/L, the highest level tested. Normal spplication rates are
on the or ‘er of 5 to 10 mg/L.

Thank you for the opportunity to be of service.

Very truly yours,

BETZ INDUSTRIAL

Raymond 4. Post
Project Engineer

RM?t'bW
Enc.



BETZ LABORATORIES, INC.
4636 SOMERTON ROAD,TREVOSE,PA.15047

PRODUCT: POWERLINE 3690

1/21/88
AQUATIC TUXICOLOGY

DAPHNIA MAGNA

0% MORTALITY: 500 MG/L
48 HR. SCR.
RALNBOW TROUT

0% MORTALITY: 1000 NG/L
48 HR, SCR.

1/21/88
JOIMALIAN TOXICOLOGY

ORAL LDSO =NO DATA

DERMAL LDSO ~NO DATA

SKIN IRRITATION SCORE-NO DATA
EYE IRRITATION SCORE-NO DATA
INHALATION=NO DATA

OXYGEN DEMAND (ppm)

PRODUCT
CONCENTRATION (ppa) BOD cop TOC
1000 < 4 156 201



. BETZ LABORATORIES, INC.
4636 SOMERTON ROAD, TREVOSE, PA. 19047 =« .
BETZ MATERIAL SAFETY DATA SHEET
24 HOUR EMERGENCY TELEPHONE (HEALTH OR ACCIDENT) 215/355-3300

PAGE 1 OF 1)
PRODUCT : POWERLINE 3690 1 (' 3«5' vcer:d 'r EFPECTIVE DATE 11-11-87
SEC.8-MINOR CHANGE

PRODUCT APPLICATION : WATER-BASED DEPOSIT CONTROL AGENT.

INFORMATION ON PHYSICAL HAZARDS, HEALTH H) ZARDS, PEL'S AND TLV'S POR SPECIPIC
PRODUCT INGREDIENTS AS REQUIRED BY THE OSiLA mm COMNUNICATIONS STANDARD IS
LISTED. REFER TO SECTION 4 (PAGE 2) FOR QUR ASSESSNENT OF THE POTENTIAL ACUTE

AND CHRONIC HAZARDS OF THIS FORMULATION.

THIS PRODUCT CONTAINS NO HAZARDOUS INGREDIENTS BY OSHA REGULATIONS OR ANY
STATE RIGHT-TO~KNOW REGULATIONS.

ceeeeSECTION 2eecc-encces «TYPICAL PHYSICAL DATA===ewcccccccces ceccncsces
PH: AS IS (APPROX.) 12.5 ODOR: NONE

PL.PT.(DEG.F): >200 SETA(CC) SP.GR. (70F)OR DENSITY: 1.019

VAPOR PRESSURE (mmHG): ND VAPOR DENSITY (AIR=1): ND

VISC cps?0F: 11.7 SSOLUBILITY (WATER): 100

EVAP.RATE: ND WATER=] APPEARANCE: COLORLESS

PHYSICAL STATE: LIQUID FREEZE POINT(DEG.F): 31

wencaSECTION Jernm-cecce «=REACTIVITY DATAscscrecncenanncsccans cerecsces
STABLE

THERMAL DECOMPOSITION (DESTRUCTIVE FIRES) YIELDS ELEMENTAL OXIDES.



BETZ MATERIAL SAFETY DATA SHEET (PAGE 2 OF 3)

PRODUCT: POWERLINE 13690
ACUTE SKIN EFFECTS ##+ PRIMARY RCUTE OF EXPOSURE . -

SLIGHTLY IRRITATING TO THE SKIN
ACUTE EYE EFFECTS #e¢

MODERATELY IRRITATING TO THE EYES
ACUTE RESPIRATORY EFFECTS #w+

MISTS/AEROSOLS MAY CAUSE IRRITATION TO UPPER RESPIRATORY TRACT
CHRONXIC EFFECTS OF OVEREXPOSURE##*+

NO EVIDENCE OF POTENTIAL CHRONIC ZFFECTS.
MEDICAL CONDITIONS AGGRAVATED ###

NOT KNOWN

SYMPTOMS OF EXPOSURE ##¢
MAY CAUSE REDNESS OR ITCHING OF SKIN.

ceewsSBCTION 3=cvmeccccee=PIRST AID INSTRUCTIONS=== = eccccccccccccns
SKIN CONTACT##+
REMOVE CONTAMINATED CLOTHING.WASH EXPOSED AREA WITH A LARGE QUANTITY CF
SOAP SOLUTION OR WATER FOR 15 MINUTES
EYE CONTACT#*#
IMNEDIATELY FLUSH EYES WITH WATER FOR 15 MINUTES.IMMEDIATELY CONTACT A
PHYSICIAN POR ADDITIONAL TREATNENT
INKALATION EXPOSURE®#+
REMOVE VICTIN FROM CONTAMINATED AREA TO FRESH AIR.APPLY APPROPRIATE
PIRST AID TREATMENT AS NECESSARY
INGESTION®##
DO NOT FEED ANYTHING BY MOUTH TO AN UNCONSCIOUS OR CONVULSIVE VICTIM
DILUTE CONTENTS OF STOMACH.INODUCE VOMITING BY ONE OF THE STANDARD
NETHODS . INKEDIATELY CONTACT A PHYSICIAN
«eee=§BCTION §===e=mmm===SPILL, DISPOSAL AND FPIRE INSTRUCTION§=========
SPILL INSTRUCTIONS#®+
VENTILATE AKEA,USE 5.ZCIFIED PROTECTIVE EQUIPMENT.CONTAIN A'/D ABSORB
ON ABSORBENT MATERIAL.PLACE IN WASTE DISPOSAL CONTAINER. iuE WASTE
CHARACTERISTICS OF THE ABSORBED MATERIAL,OR ANY CONTAMINATED SOIL,
SHOULD BE DETERMINED IN ACCORODANCE WITH RCRA REGULATIONS.
PLUSH AREA WITH WATER.WET AREA MAY BE SLIPPER”.IF SO, SPREAD
SAND OR GRIT.
DISPOSAL INSTHUCTIONS®##
WATER CONTAMINATED WITH THIS PRODUCT MAY BE SENT TO A SANITARY
SEWER TREATMENT FACILITY,IN ACCORCANCE WITH ANY LOCAL AGREEMENT,A
PERMITTED WASTE TREATMENT FACILITY OR DISCHARGED UNDER A NPDES PERMIT
PRODUCT (AS IS)~-
INCINERATE OR BURY IN APPROVED LANDFILL
PIRE EXTINGUISHING INSTRUCTIONS®#+
FIREPIGHTERS SHOULD WEAR POSITIVE PRESSURE SELF-CONTAINED BREATHING
APPARATUS (FULL PACE-PIECE TYFE).
DRY CHEMICAL,CARBON DIOXIDE,FOAM OR WATER



BETZ MATERIAL SAFETY DATA SHEET (PAGE 3 OF 1)

PRODUCT: POWERLINE 3690
eneeeSECTION 7escecmccceeeS8PLECIAL PROTECTIVE EQUIPMENT==-==- ieecccccues

VENTILATION PROTECTION®##
ADEQUATE VENTILATION
RECOMMENDED RESPIRATORY PROTECTION®#*#
IF VENTILATION IS INADEQUATE OR SIGNIFICANT PRODUCT EXPOSURE IS LIKELY,
USE A RESPIRATOR WITH DUST/MIST FTLTERS.
RECOMMENDED SKIN PROTECTION##e¢
RUBBER GLOVES
WASH OFF AFTER RACH USE,REPLACE AS NECESSARY
RECOMMENDED EYE PROTECTION®#®¢
SPLASH PROOF CHMENICAL GOGGLES

ceeceSECTION B==cecmeseceSTORAGE AND HANDLING PRECAUTIONS====e-sceecea«

STORAGE INSTRUCTIONS®#e
KEEP DRUMS & PAJLS CLOSED WHEN NOT IN USE,
REASONABLE AND SAFE CHEMICAL STORAGE
HANDLING INSTRUCTIONS®#+
GENERAL~IMMEDIATELY REMOVE CONTAMINATED CLOTHING,WASH BEFORE REUSE
SPECIFIC~ ALKALINE.DO NOT MIX WITH ACIDIC MATERIAL.

w=e-eSECTION 9=vwm=eeeeeePEDERAL REGULATIONS===s====ce=cecans rm———— -

OSHA (29CFR) ~USE PROTECTIVE EQUIPMENT IN ACCORDANCE WITH 29CIR SECTIONS
1910.132~1910.134.

REPORTABLE QUANTITY: AS IS PRODUCT (HAZARDOUS SUBSTANCE)
NOT APPLICABLE

RCRA (4OCFR): IF DISCARDED, .XKIS MATERIAL BEARS® HWI§ D002

DOT (49CTFR) CLASSIFICATION: NOT APPLICABLE '

KPPA/HNIS : KEALIT = 1 ) FPIRE = 1 ) REACTIVITY - 0 ; SPECIAL = ALX ; PE - B

R R R R R e A R R A A R AR R R R R AR A AR R A ] ]

THIS DOCUMENT IS PROVIDED TO SUPPLY AlL THME INFORMATION NECESSARY TO COMPLY
WITH OSHA HAZARD COMMUNICATIONS REGULATIONS, AND RIGHT-TO-FNOW REQUIREMENTS.
WHILE THE INPORMATION AND RECOMMENDATIONS SET FORTH “ERFIN ARE BELIEVED TO
BE ACCURATE AS OF THE DATE HEREOF, BiTZ LABORATORIES MAKES NO WARRANTY WITH
RESVECT THERETO AND DISCLAINS ALL LIABILITY FROM RELIANCE THEREON.

HAROLD M. HERSH
ENVIRONMENTAL INFORMATION COORDINATC
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COOLING WATER
o | TREATMENT

H-95v

RESCRIPTION

H-950 Microbiocide is a bron\no-donat'n? compound in llquid
form dcst,nod to supplement conventional chlorination Jor
control of biofouling on heat exchange surfaces in once-through
and recirculating cooling systems. When introduced into a
chlorinated water stream, H-950 releases two powerful oxidizing
hypohalous acids prov'ding superior biocidal effectiveness at
costs that approximate chlorination. H-950 also controls the
growth of microorganisms in the bulk water and removes existing
biofouling from system surfaces. Residual chlorine
concentrations are greatly reduced so that discharge
restrictions can be easily met.

ADVANTAGSS
More Effective than Chlorine Alone

H-950 releases balanced amdunts of hypobromous (HOBr) and
hypochlorous (MOC1) acids. Lower total halogen is required to
m:intain microbiological control than when chlorine is used
alone.

Hypobromous acid is a more effective biocide than hypochlorous
acid, producing greater kills in a shorter period of time. The
hypobromous acid formed is about four times more active than
hypochlorous acid.

ffectd ver ' H Ran

H-950 effectively controls microorganisms in cooling water
systems over a pH range of 6.0-9.0. The hypobromite ion
(OBr™) is nearly as effective as undissociated hypobromous
acid. The hypochlorite ion (0OC1°), which 1s the predominant
form at pH >8.0, 1s significantly less effective than the
hypochlorous acid. Therefore, at high pH, H-950 {s more
effective in maintaining microbiological control at lower
treatment levels than chlorine fed alone.

Low Capital and Operating Costs

H-950 provides supericr results at costs comparable to
traditional chlorination. The injection of H-950 is simply
integrated into the existing chlorine feed system. Your Calgon
representative will recommend the proper size feed system to
meet your specific needs.



Beduces Toxic By-Product Discharge
Chlorine reacts with naturally occurring organics in water to
form toxic compounds such #s trihalomethanes (THM's). By using

H-950, chlorine feed is typically cut in half, significantly
reducing THM formation and discharge

froad Spectrum Activity

H-950 provides broad spectrum control of slime-producing
microorganisms such as bacteria, fungi, and algae in open
recirculating cooling water systems.

Unaffected in the Presence of Ammonia

H-950 remains active in the presence of ammonia. When ammonia
{s present in cooling waters, both chlorine and bromine will
react with it to form haloamines The chloramines formed are
less effective biocides. Bromamines have relatively the same
biocidal effectiveness as hypobromous acid.

No Adverse Effect on System Wood or Metallurgy

H-950 releases balanced amounts of hypobromous and hypochlorous
acids. Because lower total halogen is required for

microbiological control, there is reduced potential for wood
delignification or corrosion of system metallurgy

H-950 s registered by the United States Environmental
Protection Agency (EPA Registration No. 5785-66-10445) as a
biocide for use in recirculating ard once-through cooling water

jadly ¢ ed systems MUST Bt eaned before treatment 1s begun
Feed H-950 after the oxidant injection point into the water to
be treated Be cure rapid mixing of the treated water, H-950
v - ) )
xidar § achieved Your Calgon representative wil

re ™ é 1 ApOroonr ate feed equipment to asst ?"f*;~'§"" xing
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2. 0.08-0.34 gallons H-950 per gallon sodium hypochlorite
(12.5% available chlorine).

When the system is noticeably fouled, add 0.001
to 0. gallons H-950 per 1000 gallons of water in the system
and oxidize with either gasoous chlorine (.008 to .15 1bs. per
1000 gallons) or sodium hypochlorite solution *.006 to .12

allons per 1000 gallons). Maintain a free halogen residual
0.1-0.3 ppm as C z for a minimum of one hour. Repeat as
necessary until control is evident.

. When microbial control is evident, add 0.0005
to 0.020 gallons of H-950 per~1000 gallons of water in the
system and oxidize with either gaseous chlorine (.004 to .15
1bs. per 1000 gallons) or sodium hypochlorite solution (.003 to
.12 gallons per 1000 gallons).

Qnce-Throyugh Cooling Water

lnlﬂijl_ngf*: When the system is noticeably fouled, add 0.003
to 0.04 gallons of H-950 per 1000 gallons of water in the
system and oxidize with either gaseous chlorine (0.02 to .30
1bs. per 1000 g21lons) or sodium hypochlorite solutfon (.02 to
.25 gallons per 1000 gallons). Maintain a free halogen
residual (0.1-0.3 ppm C1,) for a minimum of one hour. Repeat
as necessary until control is evident.

Subsequent Dose: When microbial control {s evident, add 0.001
to 0.04 gallons K-950 per 1000 galions of water in the system
and oxidize with either gaseous chlorine (.008 to .30 1bs. per
1000 gallons) or sodium hypochlorite solution (.006 to 0.25
gallons per 1000 gallons).

CONTROL TESTING

The best indication of the successful application of H-950 is
visual inspection of tower surfaces or monitoring changes in
heat transfer on metal surfaces or process equipment. Usually,
a free oxidant residual is requireu to achieve biological
control. Use of on-site bacteria counts or microscopic
examination provide relative indicators of system cleanliness
and biological control. If bacteria counts are used,, note
that counts may be high imedfately after biocide addition.
Counts will lower as control is achieved.

TYPICAL PROPERTIES

ACRive I0BPOEIORR. . ccurvinririasaniova Sodium Bromide, 46%
ABDOEPOREE s« v v 5 sssensennns s e By o B4R Clear Liquid
B ¢ v e asnen e L R SR SRESS PP 4P e £y 7.3
SOORITIC Oravity @ 77 Foovivnnsncnnsossnvonnnnneniine 1.42
Density, pounds per gallun. .. ... .covvvvvnnnrinsnnnrins 11.8
T R T SR - 90w VR A EAIRFE CEARS Odorless

PVRREE POIRR. F.oiccosssssascnnnansreviobessihbniisesees 50



H-950 {s available in 55 gallon drums or delivered to on-site
storage faciliiics via bulk or Calgon Bulk Liquid
Service-Plus.

STORAGE AND HANOLING

The recommended minimum storage t rature s 50 F. H-950
should be stored in heat traced tanks or in an enclosed
facility capable of maintaining 50 F.

PRECAUTIONS

Hazards to humans and domestic animals. Harmful {f swallowed.
Avoid breathing vapors. Irritation may develop from eye and
skin exposure. Wear gloves and safety goggles. Avoid contact
with skin and eyes. Wash contaminated clothing before reuse.

Environmental hazards. Do not discharge into lakes, streams,
ponds, or public water unless in accordance with an NPDES
permit. For guidance, contact your regional office of EPA.

Phycical and chemical hazards. H-950 1s not flammable.
However, ir fires fueled by other materials, hydrogen bromide
or bromine may be released. Wear self-contaminated breathing
apparatus.

Storage. Keep product in tightly closed original container
when not in use. Store in a dry, well-ventilated area.
Froduct should be stored at 50 F or above.

Uisposal. Wastes resulting “rom the use of this product may be
disposed of on site or at an approved waste disposal facility.
Triple rinse the container (or equivalent). Then offer for
recycling or reconditioning, or puncture and dispose of in a
sanitary landfi11, or incinerate. Burn only {1f allowed by
state and loca) authorities. If burned, stay out of smoke.

Infornation concerning human and environmental exposure may be
reviewed oo the Material Safety Data Sheet and label for this
product .

For additional information regarding incidents involving human
and environmental exposure, call (412) 777-8000 and ask for the
Health and Environmental Affairs Department,

For more information, contact your local Calgon Representative
or write: Water Management Division, Calgon Corporation, P.O,
Box 1346, Pittsburgh, PA 15230.




AQUATIC TOXICITY

Hoc1 4
frout: LCgqp. 96 Hr,
Minnows: LCgy. 96 Hr,
Bluegill: LCgy, 96 Hr,
Daphnia: LCgn. 48 Hr.

Trout: LCSO' 96 Hr,
Bluegill: LCSUJ 96 Hr,

vy i
ohnia: LCen, 48 Hr,

0.08-0.1 ppm
0.09 pom
0.18-0.33 ppm
0.02-0.2 ppm
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Users of Calgon Chlorine/Bromine Chemistry in Tennessee

Aluminum Company of Americs

BASF Fibers



ENCLOSURE 6

Product Information for Calgon's

CL-361

(This information wes provided by Calgon for
TVA's use in obtaining regulatory approval
for the use of the specific product.)

EPA Registration Number: Not Applicable
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CL-361

Deposit Penetrant

43 Dens ty, POUNdS POr GBION. ......covvivmimmmriimminsimns 85
DESCNPT'ON. Flash P0int, *F (TCC).... vvvirmirmrssmresisssne o 200
CL-361 is a unique liquid blena of deposit Measured Freeze POINt, * Fo ... mmmessssnsnes 30
penetrants, surfactants, and polymeric disper Brookfield Viscosity Q?D’!.opo .................... 18

sants formulated to enhance scale, deposit and
corrosion cuntrol programs.

ADVANTAGES

¢ Enhances Microblological Treatment Resulls
CL-361 effectively penetrates slime deposils
permitting the microbiocide to function cost el
fectively. The iow foaming action which results
from CL-3671 feed lacilitates slime penelration

* Deposit Control
CL-367 finctions as a dispersant keeping in-
organic and organic floulants fluidized to
minimize deposition on equipment and on heat
exchanger sur'aces.

¢ Improves Corrosion Control F.ograms
CL-361 promotas system cleanliness, resuiting
in increased heat transter. Corrosion inhibitors
function more effectively when metal surfaces
are free of loulants. Improved system
cleanliness &/s0 minimizes under deposi! cor-
rosion

METHOD OF FEEDING

CL-381 should be fed at a point A the system
where turbulent fiow will assure good mixing The
product must be fed neat and must not be mixed
with other water treatment chemicals prior 10
feeding. CL-381 may be fed continuously or inter-
mittently depending on treatment objectives. Your
Calgon representative will as)yist you IR
establishing a treatment program to fit your
specitic cost performance criieria

CONTROL TESTING

Product performance s uitimately confirmed Dy
periodic equipment inspections, as well as heat
transfer and corrosion monitoring

TYPICAL PROPERTIES

Appearance clear, coloriess liquid
pH b — : . 53
Specitic Gravity @ 77 F 102

\-¢- ——

PACKAGING

CL-361 is available in § gallon plastic pails (40 Ibs.
net, 43 Ibs. gross), 58 gallon plastic drums (450
Ibs. net, 474 Ibs. gross), 275 galion plastic
disposable bins ‘2337 Ibs. net, 2512 Ibs. gross), or
deliverad to on-site storage facilities via bulk or
Calgon Bulk Liquid Service-Plussw.

SHIPPING

DOT Hazardous Class............cooviis Not Restricted
DOT Proper Shipping Name........... Not Restricted
UN Number . NOU Applicable

STORAGE AND HANDLING

The recommended minimum storage temperature
for CL-381 is within the range of 30-35'F. Best !
used within twelve (12) months from time of
rece ot Preferably, product should not be ailowed
to teeze. Il freezing ocCCurs, product may
sepa‘ate |t may be possible to rastore product in-
legri'y Dy slowly warming until product thaws and
agitating

COMPATIBILITY

Recommended materials for.

Bulk Storage Tanks - High density or cross linked
polyethylene, fiberglass with bisphenol,
isophthalic, of vinyl ester liner resins, #304 or #316
stainiess steel, epoxy phenolic, or vinyl ester
linec steel.

Pump “Liquid Ends"” and Piping - Polyethylene,
polypropylene, PVC, 304SS, 21688, Kynar,
Hypalon, Viton or Teflon

IR CONCENNG PumEn 8D eMVHONLANE e1DOSLe May De
v w3 00 e Marera’ Satety Dare Sheet lor s produc!

£Or «0O10NG MO maton NCDRNVS AVONING Aumen and
oo TN e BEposure o 412 777 8000 4nc ash lor the Reguistory
o T oom ANy Deparniment

Prnd a L' S A

Bulletin 11 #8d
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BOILING POINT (OF >3 | SPRCIFIC GRA VTV (MO 1 | 1.01-1.03
- - + - -— — —
PERCENT VOLATILE
APCOR FRESS S g Similer to Water BY VOLUME "
Similar to Water 50-55
SOLUBILITY IN WATER Complew
APPE ARANCE AP ¢ Clear coloriens iguid with mild orgenx ocor

SICTION 1V FIRE AND | XPLOSION HAZAID PATA

A POINT (Mathoe Uieg FLAMMABLE MITS e et
Not Hammable Not Applicsble - . ™

Product 1+ not flammabie
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EFFECTS OF OVEREXPOSURE The product it practically non-tox ik hrough ingettion and dermal sheorption, The scute

orel LDgo (rata) s > 3.0 ¢/kg The soute dermal LDy (nbbits Jie > 2 mifkg 1t is not s primary skin irritant. The Primary |rritation
Index is 2.04/8 (raboits). The product produced sight conunciival irrtation in rabbit eyes (Score sftar 24 hr - 2, Scors sfter 48 hr - 0),

EMERGENCY AND FIRST AID o ’ .
PROCEDURES

Good Firmt Aid should be followed in oll cases of exposure.

In cose of eys contact, Mush with plenty of water for st lesst 15 minutes.
If rntation develops, call a phyncien

STABLE CONGITIONS .

STABILITY LA\ e e Y !
ONSTABLE ! _Lomo:t - _mumm k= o PR T B
NCOMPATABILITY
Mater it 10 Avord § rong beees
AZARDOUS DECOMPOSITION ' - M
MAZAR SPOLYMERIZATION j;ONCv—’ L";S
1 (%

REPOATABLE QUANTITIES (RO NOTIEY EPA OF PRODUCT SPILLS
NLBS OF EPA RAZARDOUS

SUBSTAMCES IN PR ; NA m\,;‘a;:woon EXCEEDING
2 L. B—F

KENINCASE —
LIS RELEAS Disoose of in sccordance with local 1tate and federsl reguistions. Dike aree to contan
’ s much piled matrnal m pos bie. Remove sy remaning matensl by steorbing on vermoun | ite or other

w s e abmOrbing Matral snd place n 8 seated Metal Contaener for drroose

Flush with plenty of weter and diapose of In
socordencs with local 1te and feders reguistom

- -

-+ TERBEN

4 =
SIRECHION VI SIECIAL PROTECTION INFORMATION

S0 ’, _-.'. ' Not Reguired

e . LOCAL EXMAUST TspEC A =
VENTILA Nt Reguired

MECHANICA T

N orm e Gerersl Not Required

EYE PR £ N
Not Reguired Not Reguired

Not Reguired

BE TAKEN IN

HANDLING AND STONING Wash horoughly st handing X eep continer o ceed
Exercise caution in the rtorege snd fand ing of ol chemical w e ancn.

WER PRECAUTION

PREPARED B Y Janet Mos owy



ENCLOSURE 7

ToxiciLy Data for Chlorine/Bromine
Mixtures

(This information was compiled from the literature.)



"EFFICACY OF CHLORINE AND BROMINE MIXTURES AS IIJCIHFJ AND
SUBSEQUENT ENVIRONMENTAL CONSEQUENCES--A REVIEW "

Biocides are typically used in rav water systems of power
plants to control biological fouling in various system components.
Biofouling reduces system efficiency by creating more resistance to
flow and by decreasing effectiveness of heat transfer. Essentially
complete clugging can occur under extreme conditions. Bilofouling can
also result in corrosion in the usystem to the point that leaks
develop.

As a result of these prodblcms, pover plants use toxic agents
(biocides) to control these growths. However, bilocides cannot
distinguish target from non-target organisms, This creates
environmental consequences once treated water is discharged to a
receiving stream. The resulting dilemma is how to maintain plant
efficiency and safety yet minimize environmental impasts from a
control program.

The most commonly used bdiocide is chlorine because of its
historical wuse, effectiveness, and low expense. It is wusually
injected as chlorine gas (CLz) or as a hypochlorite such as sodium
hypochlorite (NaOCl), Once injected {nto the system, there usua:ly
will be two forms of free chlorine- hypochlorous acid (HOCl) and the
hypochlorite don (0C17)., In the presence of ammonia (NH,) two

4
forms

1Thto review was based on abstracts from various abstracting

services.



of combined chlorine can exist--monochloramine (NllCl) and
dichloramine (NlClz). All of these are quite toxic to aquatic
organisms (EPA, 1985). The relatively long life of the combined forms
(approximately 20 hours) adds to the concern for environmental impact
(Zeh, 1984), Toxicity of chlorine from power plant use has been
thoroughly etudied and will not be detailed here because of {ts
extensive documentation (Heinle, 1976; Cherry et al., 1977; Morgan and
Prince, 1978; Anderson et al., 19/9; Fendrel and Collins, 1979;
Seegret et &l., 1979; Bean et al., 1980; Brooks et a!., 1982; Howells,
1983; Brooks and Bartos, 1984; Wang and Hanson, 1984; Hidaka and
Tatsakawa, 1985; Moss et al., 1985).

Other implications from use of chlorine include formalion of
organochlorine compounds. Formation of these compounds is a concern
because incorporation of chlorine int, an organic molecule increases
its lipophilic character and at the same time increases toxieity or
biocaccumulation, or both (Kapperman ot al., 1976). Another concern
for formation of organochlorines is that they have been found to be
carcinogenic and mutagenic and, if present in a drinking water supply,
have potential to affect human health (Bean et al., 1983; Bull, 1984;
Meier and Bull, 1984;).

Because of the problems aseociated with use of chlorine as a
biocide, power plants, weste water troatment facilities, and drinking
vater supplies have investigated use of alternative
biofouling/disinfection control techniques. One of the more promising

alternatives is use of dromine in place of or in addition to chlorine.



Bromine is injected in%o the system as either bromine chloride (BrCl),
a fuming red liquid potentially hazardous to the user (Nalco, 1982);
sodiwn bromide (NaBr), a salt solution typically used in addition to
chlorine; or l-Bromo-3i-chloro=5,% dimethylhydantoin (BCDMH), a slow
release biocide (Soracco et al., 1983),

Most available. literature deals with efficacy and/or
environmental impacts of wusing BrCl., Because the active bromine
species should be the same regardless of the donor (Nalco, 1982),
study results should be applicable to one another.

Although some studies have found that bromine is a better
biocide than chlorine Mills, 1973a and 1973b), most have found a
combination of bromine ind chlorine to be more effective thanm using
either alone (Naleo, 1932; Zeh, 1984). Toxicity of bromine has been
found to be roughly equ.l to that of chlorine for copepods (Bradley,
1977) and bdenthic invertedrates (Venosa and Ward, 1978). Venosa and
Ward also found chlorina to be more toxic to fathead minnows than
bromine, yet bromine wa: more toxic to salmonid fishes than chlorine.
Tests on chlorine residials and bromine residuals have shown chlorine
residuals reduce growtl, of fathead minnows at substantially lower
levels than bromine residuals (0.033 compared to 0.34 mg/L,
respectively; Ward and l'eGraeve, 1978) and are more acutely toxic than
bromine to juvenile ye not adult fathead minnows (Wilde et al.,
1983). However, Wilde et al. also found that bdluegill were more
tolerant of chlorine tha bromine residuals.

It appears biomine is en effective bdiocide and is more

desirable environmental y because of its short life compared to

ule



chlorine--approximately 10 minutes for bromine compared to 20 hours
for similar chlorine compounds (Zeh, 1984). Bromine apparently offers
another advantage when used in combination with chlorine inm that it
enhances the decomposition of the toxic chloramines by formation of
NHBrCl (Trofe et al., 1980a and b). Most researchers concluded that
the »nvirornmental conseqyences of bromine were less than chlorine
(Mills, 1973a and 1973b; Wackenhuth and Levine, 1974; Groninger et
al., 1978; Ward and DeGraeve, 1978; Zeh, 1984 ),

Although biocaccumulation of brominated compounds has been
investigated much less extensively than chlorinated compounds, results
of a study by Kuehl et al. (1978) suggest bicaccumulation of
organcbromine compounds in fish. A study by Hohlfield et al. (1983)
also indicated potential for organobromine compounds to biocaccumulate,
although they found levels less than 100 ppb in fish exposed to BrCl
treated water; a level which they concluded posed no risk to human

health,

FAEB 1012g
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NALCO

ACUTE TOXICITY OF CHLOROBROMINATED :
AND CHLORINATED EFFLUENTS TO VARIOUS SPECIES

Chlorobrominated Chlorinated
- Effluent Effluent

96 Hour 96 Hour

TLSO (mg/l)  TLSO (mg/1)

Fathead Minnow 0.133-0.185 0.082-0.095
Eimephales promelas

Northern Common Shiner 0.120~0.140 0.051
Notropis cornutus

Pugnose Shiner 0.109~0.,136 0.045
Netropis anogensus

Western Golden Shiner 0.090 0.040
Notemigonus crysoleucas

Lake Trout Salvelinus namaycush 0.102 0.060
Chinook Salmon Qngorhynchus tschawytscha 0.05%

Northern Yellow Bullhead Jctalurus natalis 0.177

Northern black Bullhead g alurus melas 0.243

Raphnia Magna 0.047-0.015 0.017

' Disenfection Efficiency and Residual Toxicity of Several
Wastewater Disenfectants - Volume I, EPA-600/2-76-156,
10/76.
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Bull, Eaviroam. Contam. Tonwul 27 1041y - M//k

Alkalinity

Statlc Acute Toxicity of Sedlum Bromide \ -
to Fathead Minnows*
M C Alexander' J A Quick, ot ' and E A Ban
Research Associnte, 'Projec! Lesder anc 'Resevrch Chemisl, Environmentyl A
SCiences Reseach Ladoraiory The Dow Cherm cal Co., Migiand, M! 48640
«
| z
' <
This study was the first phase of 2 research program x
designed to examine the dynamics of sodium bromide -
Jptake, blotransformation, and depuraticn {(n fish. ;
This investigation was.designed to determine the
scute atatic cox‘city of aadium hromicde to the test 3
speclew, Pimephales promelus Rafincsgue. These data 5
vere used Lo select exposure level: for later long- z
term sodium bromide exposures, wd
S
MA TR A S
b | Mar \ r . .
fest Material. The NaBr used was analyzed 99.9% pure <
— 3 )
From LOEL LSL&H Halogens Research, Michigan Pivision,
The Dow Chemical Company, Midland, Ml 3
@
Dilution Water Lake Hyuron water which had been ﬁ
paased through a cardbon contactor and ultraviolet -
.L’Ht stervilizer was used Detaliled analyses of this -
dilution water are given in Tables 1 and 2 : z
WUNEMORDER 1§
E 197 v o
=
Fish. Fathead minnows (criginal stock from U EPA :
;ﬂ \35 ratory, Duluth, MN were Nhatehed and reared /
18 in the Environmental Scilences Research (ESR) Laborae 3 '
2 tory, These animals were reared at 25 « 2°C unet) -
; 281 ‘
ol about 60 days of age (subadults) and then slewly |
e | 'l'C/Cly acclimated to 12 « 1°C. Typlecal holdin (! =
S 4nd rearing conditions were 16 h 1 ?~c/doy photo- 4 =
- I gr.od at d195-2044 lux and a water flow rate »2 y
™ | “/min., Fiah were feod oncn or twice datly, ad
! Libitum, The speclally formulated diet mix I8 she :
i 14 ¢ Ci8iuy £ Vil esS Ael Mmix § shown
'y IR Te5le ) (MEMRLE 1976) {
»
A
'y UE’ AR S
|
|
-~
:: . A ran ge-fx ul”g{(e![ was run in which two fish vere
3 ; L of ca:f‘r: seven wic ly varying concene
. £ NaBr at 12 « 1°C ihis test indicated
e d a8 between 10,C00-20.000 mg /1
g! " ; ' \
| " Dow Chemical Company B-A00-0AA.X |
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: "1 ') FINNEY, D. J
viLTS wisk AN assay.
- MP u;
The acute toxicity of sodium bromide to the fathead ‘chi??:&7)‘
minnow (s summarized below TEEL, R. G.
. Procedy
LXposure pany, !
Pcrlod‘ LEEA . Method of (1960) .
1{3313~ N LR T ‘a.gu.ati:r PARK, C. N.!
24 18,4410 (17.879-19.140)¢ Moy , Dov Che
A s8,660 (17,879+19,140 oving Avg. commun !
mpan
‘8 V7,757 (16,920-18,0068 rrobit BA 112:7?.5%
m B¢
12 7,019 116,084+18,:)? 'roblt f;g7s)
96 V0,679 (15,614417,428 Probit
Accepted June
Ne moving average value for the 24<h LCSO is reported
“Ocaulc the Ceata did not fulfill the requirement for
Che probit analysis which requires at least two par
Clal kills to achieve statistica’ly valid resulrts
There was a sufflcient range of mortalicy during the
remainder of the test to perform valid probit analy-
ses
sodium bromide has g low toxl;i!- to fathead minnowvs
CRat Ls similar to that of sc dium chloride. The %6.h
LC30 for sodium chloride on fa noead ﬂtﬂﬂuuc has been
reported by our laboratory as 10,610 10,423+10,846
mg/L (BARTLETT 1978). This s C lsl O,"F~Q 18%)
- .cn per L or 0.362 (0.356-0.370) lentie equivalents
Der ine 96-h LCSO value for $TCXL‘ oromide of
16,478 15,614-17,428) "' “ ie 0,160 (0,1582.0.169)
moles per L or 0,320 (0.304+0,338) | iC equivalents
PeT L, These toxieity values are close but stil) sig~
nif n different at P~ 0.09% bocause »f

lcant) = "
L84t g - ) '~("rL.;)
on the 95% confidence tnterval.
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Acute Toxicity of Chiorine and Bromine
o Fathead Minnows and Bluegilis

W Wide.' R oL A M 'R !
3 e J Souch [ SYACK" R L Sheay.' ang

Savarnan River Ladorsrory £ | dv Pont de Nemours § Co Aiken, SC 29808
'Rensseaer P inrecang institure Froy, NY 12181, ang Ewrght Ladoretores.
ine.. Greemvaiie, SC 19608

™e o “sagantsl sceaptadilicy of vaing chiorine a0 an encifouls

i

pi

g induscrial cooling systems (s o b ject in"Taaning
'S¢ everal alterosatives o ehilorination have Fecant ., sen
r ihuding the vee of & Sromine-based biocide, bromo -
eh I disathyihydantoin (BCDMN), ™ Compo.nd has report’

dly voerforaed ehlorineg in teveral cocling tower Wppiications

FACCRLAROLD, ot ol. 1900; MATSON & CHARACELIS 1982 Rovever

\nfornation on the use of MCONME (n oace-through cooling syetems

'

+

-

_

nd the relative tavirenment ol sccoptabilicy f MCOMR i toa%eri -
oA 0 ehilorine are ‘atking,

he objective of this fiudy var to Ehe relative tomicic,
[ ch Fine and BCOMN to three types M0 0 & freshwater
yetem vaed for cooling o nuclear resctor

METHODS AND MATERIALS

SWRERrough %4=h tonicity tests wore CoOnductod in Mareh 1902
SLA8 4 mobile laborstory IORATM adjacent (o Par Pong & resctor
(AR TRRErveLT At the Savaanah River Plant ($00) near Aiken

T SReLE activated proport onal, r:..-,.-«-m‘.- dilutor
FEORE & descrided by PRLTIZE (1970) vere vaed for simvitaneous
fating of onidant residual ftoxieity resviting from hierine ang

"™ additions Each syoctem deliverss pproximately 1002, 152,
: £, 21, and 0% of stoch Solution of the appropriste
€ 10 duplicate teet caambers weing Par Pond water =

ant

Nydrolad 8000 system vas uaed to SRS daily sessurements of
fEGLved owygen, temperature, enductivity, and pN the tent
iBders receiviag 100F, 381, T, ond O diocide ss! ions

‘4 VEY was messured by APMA stendard Sathods (AFKY | 900)

ve & Lhincveen-old) and veu Ling fatheed minnowe '__-_l_!i“‘.‘:__l
"eias) and young=olf=the~your blueagiily \Leponm S B4 rechirye

Y vt & tent A LRI T Y e fish were aclimate to Far Pond

dtar for tee daye prior to the testa Juvenile winnewe were fod

Ly during the scel SRLi1on and et periods Ten of oach of the

NTee types of fien VOre placed in sach of the duplicate chamdary

N Ging rate of 2.0 g fish/L of watar Eoch tent thamder vas
O tm deep and had & capacity of 1Y 1 Juvenile fathes sinngys

™

w




were placed in small glass holding chamdbers (8.2 cm x 20.0 cm x
15.5 em) which vers suspended in tha test chambers, These holding
chambers had & 1.0 ca x 8.2 cm Nitex screen (#O mesh, 0,505 em
eperatuve) ot each end to allow circulation through the chambder
and prevent predation by the other test organises,

Two 80 L stock solutions of each biocide wvere prepared daily.
Calorine stock solutions wvere prepared by edding reageat grade 51
sodium hypochlorite. BCDMH solutions vere prepared by edding
Bromicide® (Great Lakes Chemical Corp., Lafayetts, Indisna),
Stock blocide solutions wvere addad to their respective dilutor
aystems for | h/day, 0, 24, 48, and 72 h after testiog began.

Water semples (ca. 20 wl) wvere collected from esach of the test
chambere and tenks cootaining steck solutions at |(O-wisute inter-
vales during the pariods (ca. 2 h/day) that diocide residuals vere
seasurable ia the test chesbars. Lavels of total sud free resid-
wal chlorine (TRC and FRC) were decermined by the DPFD spectro-
photomatiic wathod (APRA 1980). Omidant residuals resulting
from BCOMY trestment vare aleo routinely weasured as chlorioe by
the DPD mathod; hovever, the OPD differentiation weched (using
glycioe) vas performed oo & fev represancative sasples to distia-
guish batwsen bromine and chlorine residuals (WHITE 1978).

Median lethal concintrations (96-h LCsp's) vere determined by the
probit, woving average, and binomial wethods (STEPHAN, 1977). Leg
‘ transformations of dose valuas vere oot used becsuse a better
goodness of fit vas obtained in the majority of cases by osing
sctuai dose values. Biocide dosages vere calculated as follows:

(1) 96-h peak = the single highest diocide residual detected
during the four days of testing.

(2) 96-h wean maxisuam * the average saximuas diocide residual
detected duriag the four days of testing.

(3) 96-h atermittent exposure @ io * the sean biocide residual
level during the four ~21-h exposure periods.

(4) 96-h sccumulative exposure ® the total 96=h bdiocide exposure
io my/L residual = miwutes of exposure (ares under & time~
concentration curve).

LCsp's for TRC and TRS (tocal residusl dromine sessured as chlo-
rine) expoeurs vere statiscically compared. Differences vere coo-
sidered significant if: grester LCso/smallear LCsg > 1.96 SEpj¢¢
(APRA, 1980), RS-

RESULTS AND DISCUSSION

T™he OPD differentiation messurezents shoved that > 952 of the
oxidant residual resulting Yrom SCOMN treatment wvas browmine.

3o




Therefors, residuala from cthis treatsant wvere considered tctal and
free cesidual dromise (TR and FRB),

LCsg veluas computed by the three ssthods (probit, bicomial end
moving sverage) wvere similar. Values obtained by ii: moving aver~
age mathod are presented in Table |, Jyveasi's ".:nesd sicoows
vere significantly sore tolarant of TRD tha  TRC. TRC snd TRD
96~h LCyp values for adult fathead sinnows  are not significantly
different. Bluegills vere significently mer: solerant of TRC than
pg '

Tabla 1, Cowparative toxicity (LCep's and 932 coafidencn
{ntervals) of iatermictent (ca. 2 h/day) exposurc to
residual chlorine or Mowine

Type of biacide dose Biocidae
computation and fish TRC TRE

96-h peak (mg/L)
Juv., fatheads A4(0. . 96~1.
Adult fathead: L.56(1. N 0 39-1.10)
Bluegills .08(2,20-2. . 91-2.

h masn sax., (mg/L)
Juv, fatheads 0.39(0.219 B1(0.65%0.94)"
Adult fathesds 1.A7(1. 191, LA701.03-1.31)
Bluegills 2.13(1.93-2. A43(1,28~1.62)
“h ioe. exp, wean (mg/L)

Juv. f[atheads 0.18(0.11-9. 0.35(0.28-0.41)*
Adult fatheads 0.58(0.51-0. . 51(0.46-0.57)
Bluegille 0.88(0.8:9. 63(0.56-0.71)*

sceum. (mg/L x min)

av. fatheads 85(48~113) 164(1)2-194)"
Adult fatheads 274(240~308) 2.8(221+~276)
Bluegills 4210387-4a3%) JO1(271<338)»

LCso'® for 1AC and TRB significantly different at 0.0% level.

aglille vere slgoificantly sore tolerant of both bdlocides than
re fathead winnows. Adult miaonowe vere sigoificancly more col-
{ both biocides than juvenile mionowe.

#r quality data are suvmmarized in Table 2. All values for

rematers monitored during the tests vere vithin acceptable
teasting limice (PELTIER, 1978), and variadility 2ver tize or
velvesn Ctasl chaadears vas not sudstantial

"¢ percentage of total residual onidant (TRO) consisting of free
tsrdual oxidant (FRO) was greactest at times of saximum exposure




Table 2, Summary of water quality measurements oade in
conjunction with the toxicity tests,

Paraneter Nean + SI Range
Temp (°C) .1 + 0.1 19.9 - 229
pi 7.0 + 0.1 0.7 -1,
DO (mg/L) 7.8 + 0.1 6.5 ~ 9.1
Cond (umhos/cm) 66.6 + 0.1 6 -1
Alkalinicty (q/l.)- 15.3 + 0.1 4 = 16

-

in teats with both bdlecides. The FRC and PRI coantributions to TRC
and TRE in test chambere receiving 1002 stock biocide solutions
averaged 83.2% and 62.2%, respectively during the 30 min perieds
of saximum exposura, FTRC and FRY contriduced 68.82 and 50,42,
“aspectively to TRC and TRB during all exposuce periods in the
vast chambers recaiviog 100X biocide stoek solution,

This was the secoad of two studies romparing eof fluent toxicity
vith chlorination and chlorination alternativen in am SRP resctor

heat exchanger cooling system. The first uudz (Htgl et al,
1983) showed that oxidant residuale rom chiorine dioxide vere
i-4 times wmore toxic (o three types of {ish than those from chlo~

rinetion, The presest study shoved that on_the basis_of 96~

LCs0 values for halogen residusls, chlocing and BCOMH additions
resuited 1o similar oversall toxicity to fish. Compared to chlo-
rioe, BCDRN vas mote toxic to bluegille and less toxic to juvenile
fathesd minnowve,

The LCsp values for TRC were substancially higher in this study
then 1o the previous SRP study vherv nearly identical sethods vers
used. However, the patters of relative TRC toxicity vith regard
to fish typs vas the same; juvenile fathesd minsovs vere least
tolarant, and bluegille wvere wosc tolerant, Two faetors which
probably contributed to the greater tolerance to TRC i(n the pres~
ent tests compared to praviouvs tests were! 1) & loager acclimation
period to the test vater (10 days compared to ) days), and 2) a
lower average vater temperature (21.1°C compared to 27.7°C).
REATH (1977) and BASS and HEATH (1977) concluded that vater tem=
perature did oot significaatly influence the 96~h LCyo values for
bluagills intermicttently exposed to chiorine. However, toxicity
testiog of several fish species by BROCKS and SEEZCERT (1977) and
SEEGERT and BROOKS (1978) clearly demorstrated the existence of a
direct relationship between chlorice toxicity and temperaturse,
DICKSON et al. (1977) aleo shoved that chlorine vas more toxic to
goldfish at higher temperatures,
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Although all tish toxicity studies are somevhat site and time spe~
cifie, tha intermittent biocide regime and relatively high per-
ceatage of RO {a the TRO make the present cesults more applicable
te power plant cooling systems than €0 domestic vastevater treac~
sent systems. BROORS et al., (1982) bhave recantly demonstratad
sigoificantly different toxicities smong various forms of residual
.mlorise to three species of fieh. MATTICE ot al. (1981) deter-
sined that hypochloraus scid was about four times & toxic as
hypochlorite los te mesquitofish. Other vorkers (ZILLICM, 1972;
seumcs, 1973 BASS & MRATH, 1977) previously concluded thac free
chlorine s mere toxie to fish than combioed chlorine.

"ere are no preavious studies compariag BLDMN toxfcity with

srise tomigity. Bromine ¢chloride has bdeen shawn (0 be similar
¢ slightly lese toxic thas chlorine (BURTON & MARGREY, 1979;
AECRAZYE & WARD, 1977 LIDEN et al., 1980). These results aloog
vith those of tha curreat study indicate that cglgrx_n_n_u; bromine

sroduce similar residual Ralogen tomicity to Tiah.

Acknowledgemencs, The information contained in this article was

daveloped duriag the cours? of work undar Costract No. DE-ACO9~
765000001 with the U.5. Departmant of Eaergy.
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998" was obiond Teom ) 1 Haker Clwmnals
(lk.\--_\;\-rklh. Nethwrlamds)

Vitheshs o

NI E e bty fests wre variad ol sith fowu
dillerent Groshmatet oogamsies (Falsie 1) the alge
Necthedosemtn  porieeti pis, 0 CTUSEWRAn ( Detprlanian
snagen | ol Yy tishy (Pl pethoudate aml ey 2iae
Latipes - Lawgetetm teis were peeformed with Daph-
i, Dvaearhia et O zis (Table 1) For & mon
detnhad deserpon of e st protognls amnl eapwn

wert bl vesdepons ussd with Sovnadesmus, Daphm.

vind Ihsev g, the rades o the Dutely Stambardizatios
(hpanizatnm N NEN 68, 6802, 08 & 68N
o I asd s ey

[l hengeternn tests with Poevitia amd O Aus wer
daer carisd vt oweanding fe those tnles, AL the vind
o e b ek dest warh P and i S waeek e
witls 195y b Ui tontaninig sl werd ketlad with ts

UM

anaesthetic M8 (Sandoz AG, Busel, Switzerland)
el the dength wind weight of euch fish was deter
mind,

Nurmally a dewevk test with Daphwia i und
an cpelarval test with o fish, comhined with o 4«lay
st with algae, may giw @ remsonabic impression
whout the p-a‘hlc ceotoxicological effects ol o com-
pound (Ademna, Canton, Slooll & Hanstvert, 19X
Mevatse reproduction proved 1o be  very sensitive
criterin i the st with Duphnia the ellevts on the
1, o 1y penerations were also studivd, To examine
the reprontuction of fish as well, an addivonal test was
aireal out with Poceilia reticwlala,

AlL tost oegamisns ware obliained Trom sandard-
il Liboratery cobtures. The vompenitions of the test
predha were as dewenitad peeviously (Canton & Sloolf,

Pox2a), eweet G the medivm osed i the ree
prosbicion test with Poeviha s et was -
formal some yers ago when another stdanhiagd
et it wars et For fish (For the cramposition,
v Cantonr & van B, 1976),

Iiw coumentration maliom i the shortadeni and
fongeaerm tosts were hasad on @ b of 010 (1.%)
pd (/10 (AD), respeetively, exeepl fur the ree
ol Beion tosis with Draphsia amd oaitia, The pil
and oaggpen content of th test solulions were chavhed
immediately hetore the heginnang of cownine amd
when Tresh test solution was introdusd or at the end
of the text (in the case of 2 static test). Becanse of the
high stability of sodium beomide in agueous wlutinns
A sty 1o adsorption on gl oveurs (1T Canton
& R C Wepman, unpublisbed data), the actual
coneentrations weee nod mwssural durmg the et

AL the end ol e repreduction tet with Poeedia
el 1 tost with Oryzas all ammals wene ey
i Mo Tiaatevg alter being Killed with MS0 1ram
the contrl group ansd  the  group camned 10

T g e bveg ot test with vz, fen fish wery
erbnrhdend s v paratin block ol WL Tl s
witally 1ot test with Pk, Al teds oW w ome
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. Hosalts (g e Jlligl
I'ost ot Paramgier bR ] <X b N W he
Ny i e WY L g x X xS "
; NOHLY &, £ b 3
[hapluner i 14! i 1"
1 e X x
NOLLY X X -
NOTCS 4 4 - -
Pons st petic wlatal LC.,? & 6 6 16 "
[ A 0 nid 1 0dd 0044
NOLCY I T x RA ] X
. NOILS 0.2 0.0 0.02% nuls
(ryaiss hotipes Wt N a8 M b}
‘ot v 044 0a4 .44
- NOLL'Y X 1% bR ) ™
NOCY 0.3 0.2 018 0.24

NOLLLK = No abswrvad (spwiind) vl t vonsemitation

* o gromth,
L @ iy
o1 o pmrtaliny amd shoomal hehavious

Indded individually after Being cut o sgital or
wieril (rangsaee shices, Sevtions were stained with
hacmatosylin and eosin

Risolin

Piw results of the shortelerm fonely tesis an
cummarianl m Table 2 Povoiliu reticudala was the
Pl WTINELIA G ORI (10 o @b g e Diirv),
W hereds Hhe othet st organisims prowd (o T far fess
sireptible (by o Gwtor ol 10 ¢ 100).

Thwe fositits of the longelerm tosialy tesls an
Giown 1 Table L The fowest NOLC valwe (Nu
Observand Tt Coneentration) from these stinlios

wis TXmg e Jitre, which was derived from the
repeoductive performance of Duphnia magna und
Poxcilio peticutata, |n the test with duphnids there wus
2+ concentmtion-related decrense in the total number
of epges proxdivand per fanale per hateh in the heound«
chamiar, s well as g comntritionsrelated decrease
i the vialwhity of these egs (Tabke 4). This phenom-
et was s obseggl 0 the tents with the F and
19, penerties, ¢

Al the three fnghest fer: comenirations (TR, o
and TR0 mg Be fiere) the fertiity of Poceiliu wus
et e during the fiest § wawks of exposure, but
i Te cses prentatures were born and (e newhorn
fish wore immobile or dad. Aler. this perd o

Table V Summury of the amuits ol (A Joagelemm tonwily (ot on walivm Mromidy
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Eapun Wi UWle  NORC  NORC o 0O
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peprstig i o arrad gt al amd ax thw aninids
deterrated all lish m thee Eroups ware Lttt afher
alwut 10 wewks ol RERT LU Al prosvasad fof Jistar
pathelogival vaaminahon Tiwe apimals 1 the wthwr
jost gt (T8 up W) g ) weee [ARTIE
el (o w0 1 24alny oNpning LCITURTY determine the
cllavts on reprsloctin Up o TR mg W litre, only
the numbr of newborn fich was reduced: A the
g lre L group {here wits atlan tiw hirth ol
FRTLITIEES 11 [ G

Phe NSO valw b ey s
igher, manwhy Sqbmg e hilee o e asis of nwe
bty and atpermal lavieer, No elfevts were founnd
at any wb the stad congeniratns (fran TR up
i g W ) thw Bt rale or hawlnng

wins oisigleratvly

of the ety ow i neither were any Jdenths ohserved.
Atier  hawhing, W ellovts were  found up 18
g e Wy AL higher SO eniraliong lish

sl

e

alumeovinal il o amal v (> T g
i) died
Purag the Toswily fests i imfluemee on ol or

vy eveient ol U test solithons ol I o
wrwd
[Hicrodigy

Apart from hawh gl pathology (CF faity

il atson of the lner, nephirosis, inendental hepatibis
o pramlnas), e Povvilia sulthwiog (o gl m
ey o Threy o pathorlogical hastons,
sty tinrond s perplinsian, 1y opatiy Al Tepnesive
Vlanges 0 e temaly A roaliviionw 1wt (Vb L.

I

ol

Phiorond Tiyperplasin (g Iy wans noted o the

SN \\\l-w\' w18 N, My, WX o
IROR) g W At 1L was chitacierized by an o
creasedd yuantiy of folliches Of vatying sie and shaps,

oieinies eahihiting Todded o i lyened manns.
Ly seweral antiials, NNV arcis ol thyrowd epe
thelipm were present, with few small golloidal spaces.
The epithelium wis generally cuborl 1o volumnar,
with nuelenr enfargement, intracytophismic hyaline
dropheis aind Rasophilic cytoplasm at its hase. Collond
within the Tollivles wits e granular than hynline in
APPRIEINLY, OF Wil CVUN MU O abment (lig 1 Nu
alteratings were obwerved in i pituianes, bul this
organ was nol nyariahly present in the soctions from
all e b,

Myopathy (Figs 3 & M) was obsrved 0 high
icideney i the YR and a0 br [litre groupm.
whereas o minimal myopathy was present (0 @
few  cmses it control @ e, M- and
IROemg e [Wire grous and there was oie marked
case wh the 7.%-mg B fivee group. The leion cone
sisted of patchy or ditfe Zenkers degecration of
myolibiils, fiwal pecrosis and invasion hy macro-
phages. Usually soluted fibeex or groups et libres
were aflsvienl i mons o ke symmetricul paltern
and thie kexion costhl oeeur i mivy shetetal wuse, bat
Sax Joumd most oflen e il musdes, Regens
Crtion was poar oF abweni; degenerulive changes
were usially sevompsiied by atruphy ol ok
fibees and Whrosis of the endomysivin. The spinul
evre, gangla und aerve relevant
Vi e,

Py Pown i, Ukde vEIVIPTOUS guY. reproduntive
W DTN G e wsesed from Hw stopathology
of (e fenale reprodductive ract, Thus in the groups
expemtl o 1K, TR0, V0 or TR0 g Hir [hitrg, @
morked reduction in e aumber of fovtuses was
o el ilong with regressive or degenerative chanyes
of the reprastuctive tract, woch as ovarian atrophy.
eyt follicles and e oruisiomal fesorplion of an
ademevdestape foetus No Lreatment-relited changes
were olwervad in e male reprodim Live o gans.

tn Orysas, trentment-related histopathologral
fesions were detevted. ol even oorgun sysiems
diawing Ior lesions Powvihia.

Lo 8 livalimy ool tstupustiwskogn ol g s e P il 1ein whetter AT livneg Lerm CyRAIE o waliom
e » IMamne s
T M evaminwy o sl alier
I vy g ey ol
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{ ke sty
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Nl patrnt (onaily stiadu s

Depwndhing on thw Uil orgamsms usad, the
rostiits ol e slorteerm oniciy wests (Mg vilws)
vaped  orkadiy, ranging fram 94 Lo SNO0 my
e fuee (Talie 2. In devrdising onier of sine
ceptibility the st OFgUnsIIy can he arrunged s
follows: (a) Poswiliag AW Ory s and (9 aphnia
ogetlicr with secialestitin. Alnmost no Jeviease i
LU values coull e observed during the tests,
e for the 1°Co vilues for Powvilia, With this fish
4 Lactor of 10 was fouml ivtween the B it 24 howr
ad gt Y6 boue. In tw hortsterin st with iiwh,
aboormal Behaviour proved 1o be o very snslive
criterion: e ECq varlues (1] = mortality amnd hhave
our) were about 60 4 tmes lowee than the W«
vilues: i the test with duphinids s dillereme
i olved a fator of alwoel :

Alevander, Quink & Martlett (19X1) enta sl
16 g lites as (he Ywhour LU bor Pimepholes prooe s
Jas, a value comparable to the LCy values lound in
the prosent study.

Lawrg ~term tnxicity siwhes

Dogedorer. Sonlium hamtide  prinad 1o CUTRYS
strongly (e wpamiughion capaity ol Duaphnia
st Viaposing tiw 1, amd also U Ko generation,
o ever, i et el e Jower NOTC values Al
though the N ML Tronn iy el with the 1, peomwee
atin was shighthy luglwr (Talh 1) thus v et @
reabistie dlifferviny Iwvinw e reprrmdiniivioy o
Lt barnn fosis Wilhy I hupdinnt ot Y8 Y Intier than
a Lwter o L3 (Camten & Adema, 1975 I'w
coneentration ¢levt cunes of thie 1, ¥ and 1, genwre
Alons were il APy e s (v (iw
1 El ettt i Vabie 1) Ciispanng the NOEL
(1 = repradigtion) 116 the test with the P gener-
sttt amd the NOLC (] = wortaditg ), a nemackhable
dilleremay van v woted Gitsoust o lawtor ol 400, Siwh
o marked et on aepasiovineg s ot heen foud
i peevious sbidiss (Ademia of al 1981, Canton &
Sloofl, 1952 Canton & Wegman, oy, Come
paring tiw NOLU At NOFC values Trom the long:
werm tgst with those Crowm thig iy serm st i ean W
aomnindal that there e s hal diferemy hviween
e NOL vt Bt proskasgitien o T shoriterm
tost il oot rvmendt i o lower NOTLC vk,

P e 11ty dow@'h lst @ (e Powaslin e tin it
2 marked vt ot swnmang Iwhasnmr ol thw
iy was meted Tl vkt cared o raduend
ativity o amebidiey ol the animals. An S
valitg o 28 mg e e was Tl A persaibily wapla
mation fr 1his phanonmerien imdy e by myopathy
ohweryal mivrosaspioatly Siwy e vilevt on Iwliase
wourr Jisd et tmpane n grow il ol the atamials w i
e iwl Sy e iy prougns tihy N tor
grow il bang alsai [ Oow's Tnghwt 1, the fonsd TIELY
was apprenily i Aot e VARV I T
Pl atsmave il ssoinnng Pl foiid Wwas also peviend
o the st tesd wnd e SO Valiws
(0 s e Potray et ot shwvis
L getvrnn tsls Wiy thig st

ul aml

| 1leets ot INhavonr
tinin ity sl o enad

ot b olaerved g L

*reproduntion win poted m the

.

A0 o P

onth i s et diets contaninig wogbigm Drotide (vian
Fopten, Waolthus, Wastws o0 ol 1M Tw Antiis
am the nghesi otk lewe! ddid pot groom Hitie
swlves sufliviently and ctluintedd sgnn ok Iolor i
it o the Tand lnin,

As i1t e gDy with  Daphin, e
caperiment with adult
Pocsilic, @ viviparous hish. 1o both orgunsmy e
@ime NOEC valoe (7.6 mg e Mlitre) wirs found and
Dromide proved to v an embryotosic elfeet. The
NOLC vadie (1 @ mortality and hhaviour) [rom this
Lt is of the saime order of mugnitude us {he NOLC
virlie (15 = reprontoction) froem e shawisterm (est

e raduction o ollspring corrclates with the
revpexsive changes observed in e ovarkes. Ax degene
or. tive amd alroplic changes were found. an ellest of
ol Bromide upen ovarian function s suggesivd
und 1 consistent with ovarian changes found i the
el (van Logien el ol 1974y, The results ol thw
Istopatbobogwnl erpmimation of Poegilia indicate
furthermory o hear etlect upon thyrod morphology
and henee presumubly upon its function. This mor-
phological change corresponds with the thyroid hy-
perplisia oheerved in the rat (van §ogien ¢ ol. 1974y,
4 spevies 1 whivh n addition seruin thyrosine wis
redived along with @ Jecrvus in the amouni of
thyrosing in the thyrow! follicles (as evidenced by an’
immimoproklioe techngue) whereas the wrum
thyttropin ewl wis devaled (Loeher, 'ranken &
v 1 avwen, 1903, 11 i generally asepied that the
[y thyrowd is kargely coniparahiy o thw maminslian
ghaml. Sewral papwes haw un paablinhed - on
thyroid hyperplasis of even thyroud tumann dused
i sh by awling dolewigy of witthyrond apents
ar of  unkaown  avtiokyty (Hanhbarper, 199,
solilmtnerger, 1988 Wondbead & Lifet, 1967 A
simple but satisfuntory explanation for thyrowd hyper-
plasia and Iy potlryroidism  afler alivm hromide
eapenitre can 1w fowid in (e crvmpet Hion et Ui
two halogens, beoming and i, with pespvt L0
thy roning syiihesis,

Piw myopathy, charaeriad by myodibrillur e
generntion, myophagia amd atrophy, resembha (he
nuteitional myopathy described by Cowey & Rolwrts
(197K, Robwris (197%) and 1iehler (1979). In tw
prosentt slinly, howewr, (hw myepeithy wirs Aol e
cirted with lipoid tiver degeneration amd stwatitis,
This suggests that vitamin K deliciemey was ol o
major setudognal Gntor in this comdition. Similar
s e evinas law ien olwerwad 1o U rut ailer oral
bt ool souliom wadule (Canting 1 T7), In
rats e sewbiug) bromide ko incvordination hos
fwwn (el but wathoul Tstepsathaloggul hesins
i Uhe aeseukaiurg (van Loglen o ol 1974)

Oy it It Tongelerne sl Orvzias katipes
proved o I alwud 10 M) pimws bess sensitive than
Pownta with nespwat to tiwe NOFC vithoes (Table 1)
Phie s didireney win s fowmd in Hwe shawrt-term
ot The NOTC vadoe (230 mg We Bitigi s whentwal
o ot Froem the shortagnn fosierty fede s Wit
obwaet vgrd it test with Povsilia,

The fadwe ol Ovyzin o desdop et ol
foston st T¥img e i nay I atiributad 1ot
MG Vs e gl the Lot WS s
rations when gompanad with the ool fest
s L

T T hye, - rac o W
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Proposad Jor a waler squstiit v crieriai

Toe NOUC oy Trom ths stusly (shinte awmlP
Congeerm ests) gan be compared with thes entithe
lisheud [or other freshiwanter orgamams sugh os bucleria «
(Pogndenmtonas fluorcseens ), evanohavienit (Mt
crnts arigimosi ), Pl o aomtr mdoer ) rsets (i
Lea pipiens ). hydoosins (Hadea sligoctiv), mollises
U vt stagnedis ) and amphitrans (N enpes lowris)
(W, stoofl & J. 1L Canton, unpublished dats), n
decreasing order of louaty (on the basis of NOLC
vilues), the organisms can b arrangal as follows:
Psendomonas,  Migroeystis,  Seenedesmis, Lot
INOEC, 280w i), Hiadea (X0 mgeitre),
Ory rias (280 mg litre), Cules (T8 mglives), Nenopus
(38 g litre) amd Db, Powvilia and Lymnaga
(7.8 myg litre). lo the Lymnaes test, reprodustion wils
ngain the MOSL sentitive crilerion, Thus it appears
Ut Beomide s o minrked ¢Towt on the epridostion
of water organsms. Reproduction has proved 10 W
4 sengitive eriterion (150 in the rut (van Leeuwen, den
Tonkelane & van Logten, 1981,

From the experiments with vurious (rehwiter
Ofganisms il is convludad that Daphnia and Poeeilia
appedt 1o he highly  sensitive 19 hromide,  Uw
NOVC Iwing 7%mg Be litre. 10 2 Previous
sy (Camon & Slow?, 91N, the  limost
WOLUR' S LOC LU vt swies propwsasd
ax @ eriteron for water gaality, For bromide this
value i Dmg I Bie on the sy of e ety
alwervad on reprodavtion e evilia (Tahie W

e highest comvitrtions of heomide in suelo
water determined by Wegman o of (1K) a0 e
Pt it o maban vl ol sl
g I e amd 0 maseaem ol abvan
0 mg B fitre, The high values were ound dunng
Pie mein (umigaton seasen. Thus, it can he expevied
that the use of metin! hromide as @ soil Tumigant in
glasshoses might hunve an adverse sflivt on
st environment . The consentaitions of hromide
oserfy Woler e semetimes s lught that vven
avtrie et van v svpawind

M PMENOEN

Ademia 1 ML N Camion BT, SlowlT W & Hamsivent
A O 1R Onnborsoah maad oow Ciesidie ¢ oot
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Acclimation of
and lake trout
and bromine

G. Michzel DeGraeve, Runald W. Ward

chloride
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Grand Valley State Colleges Allendale, Mich,

Chlorine has been nsed for many years At A
wastewater dicinfectant nd the tosicity of
¢ mated wastewater is wel doctimented.!
Recently bromine chloride has heen comsidered
as a possible alternat method of disinfecting
wastewater bt knowledge of the toxicity
of chlorobrominated einent to afuath life was
limited to static. acute toxicity tests with fat
head minnows in chlorohrominated eMuent
\More recent research by the awthors, which
vat conducted nsing a fow -throngh cystem
Lrabrominated effuent
f anuatic life, it was

: : \
showed that although ¢

was loxic o some tvpes of
considerably  Jess  toni than  chlorinated
eMuent
While conducting acute ancl life cvele tos.
! 1es, it . toed that if tetal residual
hlorine (T r total reslnal hromine chlo-
U T levels wern Latnvely ow init 1L

and then gradually incre ol Rsh seemed to
| \

. \ \
o ( ) ¢ re<itlual levels than

» e o P ¢
{ N t Ide toy todes ale vithout
previous  exposice In ther words,  thes
el | . L v acchimate to the The orF
T the elfinent Past research has n i
| f b & mate hoanges

! ! | dhissolved asvgen

K3) COUCeN Al ihengh estiemes of
either pa eler o lethal Recanse no
{at ere Lible eonceming the ab ity of
Rl 1o acclimate to T™WE or TRRC i ciMuent,

ceveral expenments were

thiv pasalnlity The nlyrctives were 1. to
|t | | 1 ke e
elermine i e s and lake treant
previmsly expoted to Jethal levels of Tne
T ( W owere able ta acelimate
s hnol o
d T
Y t r TL
¢ 2 nas level n
’
- -
! T el

andicted]l o test

“n e
00 N, SErcENT

of Tne during acclimation, and degree of ac
chimation achieved by fathcad minnows.

Since these tests were conducted as & sup.
AL ment Lo ‘lllh’,l er priorty IL\LJT\’h. the IUthI
wore not able to explore this phenomenon as
completely as would have been desirable.
Hlomever, it s omex] that the pnvia\n}y un-
renorted natwe of this data made any in
formation that coukl be obtained worthwhile

METHODS AND MATERIJALS
hese studlies were conducted at the Crand.

vlle. Mich., Wastewater Treatment Plant &
part of a larger project concerning  effluent

cnfection  and  residual toxicity.” The
Crandville Wastewater Plant is an activated

Judge plant which receives wastewater pri.
marithy from domestic sources and usually pro-
mees a4 high guabity efluent. During the

winkl of these stulies the treatment plant’s
fhent was chlorinated with a manual feed

wtem atdinsted with the ail of a continuously
wxial i residdingl chlorine monitor Five and
e onctenths diters per minule (1.5 gpm) o
Vo mated fingd efuent, which normally had
L0t 1S 2 08 meg o e, was pumped from
the o ine contat hamber ta the bioassyy
Ldratory after approvimately 35 minutes o
wibad b i

« per mnnte (36 gpm

“ Y

abere 2.5 mg 1 of hromine chloride was ap.
TREL After 4 30 aninute contact time, 81
| min (1.5 gpm) was ;mmpﬁl to the l»ouuy

| tory for toxsieity teshing
Loy wWater |

i

ol Wi
o hilter Tl
p Je Fathead minnows and Daph
: 1 reneaduce satisfactorily
™ el ¢ vt

Oue lindred and  thirty-twe
it of nonditinfected
el was  pamped from the plant’s fngl

tling tanks to the vilinent treatment bUi'KdJn

or the hinasaay labors.
H owater ‘\\\\N‘ ”»!0\3:5 o)
s Waler was ol sufficient

ned well water wen
with fathead minnowy

26 hours, or 9.
jod. Althoug
made in the tanl
measurements in
the life cycle st
cient oxygen su
to test animals.
Signifcant d:
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} RIALS
| 1< at the Crand.
T tinent Plant as
weerning efuent
tovicity.”  The
Plud s an activated
wastewater pn.
wally pro-
During the
ent plant’s
anual feed
antinuously
w Five and
¢ (1.5 gpm) of
normally had
as pumped from
r 1o the bioassay
35 minutes of
and  thirty-twe
lieinfected
1 .5"
oulig ng
J& Was l;
t time, 57
the bioassay

vstay labore
ed through aa

ot s of Sv:ﬁ'.cw:g
« and Daph

witisfactonly

he chlorobrominated efffuent was chilled to
tely the temperature ‘of unheated
well water (14° = 1°C) for tests with lake
‘wout.  Proportional diluters '' with some re-
fnements were used to deliver duplicate
sreams of 100 . effluent and well water
wd 8 intermediate efuent concentrations of
8, 36, 3.6, 13.0, 78, and 4.7 percent to
andomly selected test chambers. Only PVC
pipe. silicone cement, stainless steel, ncoprene
| rbber, and glass materials were used in the
onstruction of the diluters. The test cham.
bers were 600 x 200 x 300 mm (284 1)
glass aquaria w hich received one volume every
18 hours, or 9.2 tank volumes per 24-hour
Although po measurements were not
msde in the tanks used in these tests, daily po
peasirements in equivalent concentrations of
e life cycle study tanks indicated that suffi-
sent oxygen supplies were always available
10 test animals

Significant differences between prcnmul\'
aposed and previously unexposed (control)
goupt \were determined ueing the two sample
Test )t A linear regression analysis was used
w lest the relationship between survival times
o scclimated and nonacclimated fich.?

Levels of Tnc and Tanc were measured in
se test chambers with a polarograph using the
mperometric titration methol '
rhe Arst study consisted of 4 duplicate tests
aing 10 fathead minnows each. These tests
cere conducted over a T-week period. Each
ot group wat randomly exposed to one of a
eries of sublethal ¢hlorinated efuent concen-
mslions (4.7 to 13 percent) for | week, then
ssferied 1o a Jightly higher concentration
o the next week  This procedure was con-
srved until each group of fAish was Anally sub
ected to chlorine concentrations which were
wgher than the 96.hour TL., values for fat
pesd minnows (0.082 and 0.095 mg 1) which
wore calculated from Aow-through bioassay
ot results.’ At that time, a conirol group of
nerposed fAch was olated in the same test
_..‘;r,j the mortality of both groups was
" i If the previously exposed gioup
‘,.\‘.ec for 1 week. it was trantierred to the
st higher concentration.  The mean (all
means e anthmetic means) T™MC eaposure
pel and survival time for each week was cal

-

eanilored

lsted far each sample group.
A secondd group of four acclimation tests was
anducted using lake trout in horohromin.ted

Agent. In the frst three tests, 18 fich were

ler were f aposed 10 sublethal (001] to 0068 mu/l)

now=y

gocentrations of ¢l lorohrominated ellluent for

S —

;_‘nc' h lh*)
e fourth group (cor exposure
to residual  bromine chloride® before being
placed in ellluent containing lethal concentra
tions of ™anc. The mean TRIC

and the mean survival time was calculated for
each test group.

A third group of tests was conducted to
determine the time required for fathead min-
nows to acclmate to chlorinated effuent, and
to determine what levels of ™c were most
wonducive to acelimation. (See Table III to
facilitate o better understanding of this portion
of the study.) Two groups of 10 fathead min-
pows were acclimated for 1 and 2 hours to
0 070 mg/) Tnc in effuent, and then placed in
ellluent having mean Tac levelr of 0.302 to
0319 me/l A third (control) group of 10
waelimated fathead minnows were concur-
reutly placed in effluent having mean TRC
hevels of 0332 me)  In additien, fathead
minnows were acclimated for 3 to 8 hours at
1-hionr intervals in chlorinated effluer: having
1 devels of 0,038 to 0.049 mg/l, which was
near half of the calculated 98-hour TL., value
for that species, and 0074 to 0085 mg/,
which wae near the previously determined 96-
Jumir TL., values (0.082 and 0.095 mgA).*
After each group of 10 fish was exposed for
the specified length of time, it was placed in a
concentration of chlorinated effuent having
e levels well above their 98- hour TL.,
Concurrently, 10 previously unexposed (con-
tel) pinvenile fathead minnows were placed
in duplcate test chambers having similarly
The mortality and T™ae levels
were monitored in each tank until all of the
previoush exposed and control fish were dead
1 he mean Tuc level and mean survival time
was calculated for cach test and control group

OQur previous studies © showed that the efflu-
ot comlamiang both Tc and T™hec was not in-
crenthv acutely tovie to either fathead min-

vs or Like traut. Therefore, there were no

hoesposed to similar nondisinfected efMuent

wenlialions to serve as a control

biight viu levels

HWESULTS

Fathead minnowe previously exposed to sub
leihal Tuc Jevels tolerated higher ™ac levels
than ow observed 90-hr TL.o values (0.082 to
0.09% me’l) for at least 7 days (Table 1).
Fatheat minnows survived with no mortality
for | week at Tac levels of 0.113, 0116, 0.110,
1M, awl 0,138 mgA, all of which were
higher than our previously determined TL .
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Halogen Acclimation

wlatively high Tmac concentration (1.088
pg/). Of the 18 fish, 22 percent were still
sive after 5 hours. Although the time to total
p tality was not known, 4 4 fish remaining
Jve after 5 hours of exposure were stressed
wd probably died within the next hour. As-
wming that the remaining fish died after 6
Moot of exposure, the mean survival time of
dus grou~ was 3.7 hours. By comparison, 18
previously unexposed (control) lake trout that
vere placed in efMuent having considerably
pwer T™AaC levels (0.647 mg/1) had a mean
wrvival time of 21 hours (Table II). Our
$.hour TL . value determined in earlier flow-
drough tests with lake trout in chlorobromi-
wted effuent was 0 102 mg1) “The second
wit subjected lake trout to mean TRBC levels
4 0029 mg 'l for 9 days before they were in-
poduced into a tank having 0.661 mg | ™oc
e mean survival time of this test group was
Test three subjects were exposed
20011 mg 1 Tunc for 8 days and then placed
2 eMuent contuining 0.64) mg 1 ™ne Their
agan SUMVIC wat 7.2 hours. These duta
sgree chat Test 2 830 were able to tolerate
gmilar residual levels for a longer perind of
.me because of prior expoture to a slightly
ygher ThuC concentration (0.029 mg 1) than

a8 hours

Sroup 3 (0011 mgA). Croups 2 and 3 sur
wed signifcantly (p = 005) longer thar
seir controls in similar TheC concentrations
Tible 111 Ciils & | comparisons e
ween 14 groups of 10 futhead minnows, each
<limat ta ¢ hilm e elllvent for 1 tn 8
"..;1 ind thear respe e ‘m.!'n] grovgm
Juch lacked previons eaposure to chlorinated
Buent. Those fishi previously exposed to

oean TC levels of 00,9 mgd for 1 and 2
wouns showed little d Herence 1n mean survival
e when compared with controls exposed to

1ar test concentration. Of the 12 remain.

) i

p¢ groups of test fich, 6 were previously ex.
wed 10 MEAn TR levels having a range of
;-)_; 1Y 2 | rJl S hours \‘T.A‘n( the
. g G groups of test fldh were previoush
aposed 10 higher Yo levels of 0.074 to 0095
gt | f¢ Tt S 1R o every inboane. Hwe
(b that had previous evposure to residual

dlonne sunived Jonger (mean survival time of
1 \
§ bourt ot Ah
Wi s

wpe of 4 Hou
Thase fish pres

maean survin .1|

than dJid

sy enpose v the 6 lowest

e leveis PO ng 1) for 3160 8
\urs Were et Vive high e levels
prger meé.n tiine of 6.9 houre than
g that Sadd prey I eaposure to mean Tal
prls of Y074 to 0098 me | nean survinal
i PSTT——— W ——

TABLE I1. Survival of lahe tromt i»
chlorobrominated effluent.®

Test Number |

L T concentration to which fish

wore previsusly exposed 0.068 mg/1
Length of previous cxpeosure 4 day»
£ TRnC cuncentrmtion in which fish

were (osted 1.066 mg /!
R survival time at test residual L7 hounst }

Test Number 2

L T concentration to which fish

wore previously exposed 0.029 mgN
Length of previous exposure 9 days
L Tanc concentration in which fish

woere tosted 0.654 mg/1
L survivid Lime at test resedual 10.8 hours!

Test Numbwer 3

L e comventration to which hish

Wore provasisly oyl not mg/N

oo th ol previoms oxpumir 9 days
L T concentrition in winch fnh
wire foshend 0641 my/l
o vivirl b wl test residual 7.2 howrs}
Comtend
L v e comn e atratien to whinh tish

00K g /1
0 by

W ey eotisdy el

bongth ol oo vimis cxp¥siin
N |

£ TeNC ciomme fatson i w hiw e ishh

0.647 mg /1

nore feshen

R survival time at test resadual 2.1 huurs
—

* Paghitern Like trost were ostd o cach test (R
terd wih S, £ weagin “7g

P kot i Doosnl wgmmn all bish having dnd by
O lewars o oNpnmtsty Mur 5 hours o oxpmmure 4
of the I8 b were sl alive, although they were

stresset] amd peodibly dinsl san therealier
te signitwantly louger than control
p = (HUS)

sy rely
1
§ survaiva

bind

time of 50 hours). Also, those fish acclimated
to 1nc concentrativins of 0.038 to 0.049 mg/
howed o greater dilference in mean survival
tin whan kO"\p\‘('\l to control fish than did
the fish acchimated 1o mean ™c levels of 0.074
o 0095 me | With the exception of the test
KTy ‘\u\;-n.\!\ (‘\lK)\('d to 0.070 mg‘l for 1
amd 2 Lowrs, and those previously exposed to
0042 mg | e for 3 hours, all other test
gronps survived  significantly longer than did
vontryl fish (ip= 0.08)

Py addition, a linear regression analvsis per-
fovnms)  Intween IL'I\-;.'h Q! .xcdlmahon and
lencth of survival when exposed to hl;h ™C

divated that there was a statistically
agiihicant (0001 leve) of significance) linear
rel tionship Ietween those two variables. The
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DeCraeve and Ward

TABLE L
wastewater,

Survival of fathead minnows® with and without previous sxposurs to chlorinated

Week of Tent

Duplicate Test Number I 2 3 - s 6 ?
1 Mg/l 1x¢ 0086 0063 0118 08N
o EMuent Concentratbomn 1\ 2.6 4 6n
t Survival Tinet N NN NV 17.58
£ Survival Tinsed 14 1.1
Mg/l rec 0082 noed o6 0s12
% EMuent Concontration g 210 L' )
L Survival Time! NM N\ A 19.51
R Survival Time} - LT 1 4
Ag 1%C il TR i 02l
= ¥ hh t Conver » X 13 PR L
SR ! t N) NN \N\) Wis
| VY ! H
\“‘ 1 & ¢ DUIR 0oL Wit s
| 15 '
£ S ' AN AR \\ 7.0
L Surviy H
3 N/ e N XL TR TRT TRT7
b C vl 47 ¥ R 2 6 {6
£ N ] ' N\ N\ A\ \ Al )
R Nurviy ! 16
My X M ) [ | IRER Hhils
m ( 4 4 7K i 2 U
£~ 1 ' \ N A A\ N .8
g~ ! ) by
. < ( I ENIR ‘ (IRRE 0241
{ F] Tx ] { O
i \ N A A\ N\ N\ 7"
L H 21
I "¢ i { | |18 (82 01
‘" 1 4 - R 6 " ol
£ Survival Timed \ ' \i NAL 200 Mortality 28,68
t Surviv lin } 13
£ : § b Wi i
4 r 5\ -
: ' ¢ \
’ R -
' | D08 v ) ol ssgmlecance
2 - 't { el that Lithead minngy
\ Y S humer \ 1OK cog 1) voneentrat s of 18€ 10 e flgent )
es for that spe Also, at higher resul. 022 0215 mg 1 Tne alter 3 weeky o
219 2 mg ), previounly ey ¢ ta wl | Tne levels. However, i
L POt ) VLIV or 10 o Teste 3 andd 7. Tathead minnows survived g
ger (178 7.3 hours) than dul (L RET) 1 97.3 linnirs uv\lur\‘hned loom“
heir res A | cont g s (11 0200 mig D v folloswing 4 weeks of 1Pty
{ ) { thal Tue levels. Test number 4 thowy
iy | Y | T “!
N | W b owerg \‘\l"\(‘\‘ to ‘Ubk\}.‘}
et 8 o exy ¢ o sul ! h Fa sumilar abality to aa
b | s r T o r A ) ‘t | :( ) ‘ viels T ‘ll‘(‘ I,' T):Q ﬁr‘
t & oWns § Ve vas e sod 1o mean THEC lf‘vel;d
s when s tedd 1o | i d nor o exposure g 4
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‘ : Ralogen
" Joen previously unexposed fsh. A smilar has been observed might facilitate avaidance
penomenon has been observed in a lfe cycle actions by lengthening the time interval aval-
waicity test with fathead minnows in chlori- able for Rshes to high halogen concen-
fued effuent. While 98-h TL,, values for trations to And a more hospitable environment,
e fthead minnows are 0.082 and 0.095 mg/l and might also be an explanation for the lack
nc, 100 percent of the test fish survived for of observed fish kills when TRC concentrations
s [ 108 da¥$ at mean TRC concentrations of 0.120  are unusually high.
sg ). One explination for this long survival Studies to dJetermine the lethality of chlo-
p relatively high Tac concentrations is that rinated efluents generally use test animals
e test animals acclimated to residual chlorine which have never been to, and thus
during the early days of the life cycle test when  have no increased tolerance for, residual chlo-
peasured TRC values were low.' rine. If halogen acclimation does occur in
In addition, experience has Indicated that  Axhi populations living in environments where
slerance 10 TRBC concentrations above the they are rogularly exposed to low residual
Tl level decreases after several days of ex- chlorine concentrations, then it is possible that
msure to halogen-free water. For example, in  the chlorine tolerance limits determined in
¥e cycle toxicity tests with fathead minnows many studies do not apply to those regularly
s chlorobrominated efluent, a decreased toley-  exposed resident fish, but rather to fish which
‘._.3':, THEC Was crved following 1 3.5-dav  muy be transient and have not had recent
penod Wwhen, because of mechanical failure, the  halogen “xposiire.
yst animals were not exposed to residual
omie .HL»Y e’ CO\CI SN)\S
While halogen acclimation was observed in Tl Wy leads to cunclusions regarding the
Jut o species. other Asher probably also  acclimatim of juvenile fathead minnows and
wusess this capability, which might have sur-  Like trovt 1o 1we and ™ in secondary
mil value in natural conditions. For instance.,  ellluent
g situations where low levels of residual ¢hlo. L. Fa head minnows amd lake trout with
we are continuonmsly added to 4 stream, such  revious esposure (longer than 2 hours) teo
g below the dischiarge of a chlorinated efu-  chlorinatcd or chlorobrominated effluent re.
i, resident populations might develop an  spectivel. were capable of toierating high
sereased tolerance for residual chlorine. This  levels of ne ar Tanc for longer periods of time
screased tolerance might enable the animals  than fish that were not presiously exposed to
panive r escape unusually high chloarine  either ha agen
woduals § ¢ might ocour when the treat. 2. Fur fathead minnows there was 2 linear
genl t discharges efMluent with high e relations ip between duration of previous ex-
encentrations or during peruxhs of low stream  posure aod tolerance to residal halogen levels
s how.  An example of Ligh toe levels in e eseess of 96lour TL., values
weving stream was reported by Jackson ' 3. The actlinution of fathead minnows to
oo found TAC levels ranging as high at 140 e was most 4 parent after 4 or more hours
R 14 houn, §og1 in recenning water Lelow the Howell of exposure to low The concentrations
urs Uch. ) Wastewater Treatment Plant, It s 4 Even alter long-term exposure to sub
puble, however. that fish residing in water  lethal levels of v1c in ellluent, fathead minnows
b se g T levels Ll their TL ,, value might  weie not able 1) sumive high ™¢ concen:
—— L!?‘ ome J ¢ v ,:‘ cCuts h.\lll 1 Eraalhons
* B dwed 3 predators or redine
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and chlorinated

E.fects of chlorobrominated

cooling waters

on estuarine organisms

Lawrence 1. Liden, Dennis T. Burton

\eademy of Natural Sciences of Philadelphia, Benedict, Maryland

Le nard 1. Bongers, Alexander F. Halland

M. tin Marietta Corporation, Baltimore, Maryland

The environmental acceptability of chlomfe
# a universal disinfection agent for both in.
dustrial and municipal water and wastewater
‘reatment processes recently has become the
ric of considerable discustion. The wide-
preadd use of chlorine for the treatment of
e volumes of cooling waters in therma.
decine power plants has hecome & primary

of erncern'  The chronic and acute

et s oof chlorine and its reaction by prodicts
atic organisins have heen reviewed ex.

" el Tsai? ¥ Brunget* and Becker
Fhatcher ®  Investigations In Jollev * and
Lire I Hendervm * hace further idlentified
\ .f,»-u;,nr:i IIYF.II-I( !

Irs

mnrgame ¢com
from  chlorine-trestod mumicipal and

pesinels

tevouters that  are  potentislh

ircinogenie to wan,  Thuo severasl alterna.

os o chlorine have boen wigencted 'n

'S Emir il Prinectm Agh o4

FIAY *for woaw Water treatinsent The s

kL Rewgnlat Commisabin ' 90 Rirrion

Lidew v ha stitinatizen) e ('V"""r“

Y festr b . doundis - utenl in [y pr.
(".ntlr' wurr 'nl._' sUsleing

Sioe proposed clibarine allematises inelnde

¢ chlvenle e, thlorine dionide 1

Pt e il racdiatiom nel

¢ other eotings and phvocal or chem.

et Y OF these, b ehilisride

BeCT) has emwergod as a pricve conhidate aca

st b ule Brownine ehlwide has heen

win tio e an el ctive dwandectam of wagete

fer ' In additio, Wackeahuth and lLevin
gers of ol ¢ and Buron and Margrey 10
[y ominwe (M-"l(‘t"! rﬁ«--
ey s a b i) ny (v et lhuv

tric: posver plat conling
e W aters

demonstraled

Ssifms using
Relatively hittle information

is available, however, concerning the toxicits
of hromine chilaride and its chemareaction by-
products to estuarine Roral and faunal species.
A preliminary report of BrClCl, toxicity to
fish ' and the results of a detailed compara-
"tive BrClL.C). histoxieity stydy 19 comprise the
onhy such work published concerning ettnarine
species.

Continuonn-lne binassavs were conducted
during August 1976 1o compare the effects of
chlorobrominated  and chlarinated condenser
cooling efflucits on several selected estuarine
fooxlchain cremisme Twn fich pecies, At
Lutic menhaden  (Brotnortie fyrannut) and
spat ( Leinstomus santhurus ), two bis alve spe.
s American ovster (Cratsotiren virginica)
e birackish water lam (Rangia cunceta).
sl the capepad  Aeoetin tonsa were chosen
becaonse of their importance either 1o com.
nergial recreation ol fishing or a< fond.
i iteme 1o easters U S, estnarine PCRis
Niatuealy  ow Hrring ,h\!nplmhnn communds

nwr

s were used for oo mparctive  producti it

u! eyt atbens stoedie

These shipd were cotadod fedd Potiange
Fleotin Poser Clompraony s Morg inton Steam
Flooteie Stats an 1100 AW twin-unit
fonaad forededd pover plont, buated o the Pa
bwnae River, € lndes oty . I Compari.
i of the revdnal adovicitice. as well as
Foofomding  comiral eloacien ™ of the halae

genated oMo« was weomnplished by elidora.
Cwater of one unit and
thlonmating the coohng water of the secand
The twa luocides were applied eonting.
03 g | e to the respective
comlenter conlug sintures durimg the feld
triale

‘vlmmn.almn the conln

il

iy it Trey
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Liden et al
METHODS AND MATERIALS

Bioassay apparatus.  Chlarolyominated and
Cormated condenser discharge waters were
poped continuonely to Large. 0 75.m-high %
| 22amwide X 244.mdona  troughs  con.
strvcted of 1.9.¢methick marine plywoad cov.
ercd with polyester-resin-impregnated  fiber.
gliss.  The _troughs were partitioned  with
four 0 64-cm-thick methyl methacrylite poly-
mer dividers, which were spaced equidistantly
acrons the troughs. Each was seenred o op-
posite endds of the trongh to form a 12:m-Jong
wrpentine channel  Cooling water inflow rates
were nntntained at 038 /g resulting in .
dranhc v sidence perixls of approximately 60
mites !l troughs, simulating conling water
retention times obsernved in the plant’c dis-
Doz canal A third tengh, copplied with
dechilonmated  (sodium  thiosoll ded  conling
water, sorvedd as o refercnc e eap sure trmigh
T 0 stacdies, tost organisms wer - retained in
the tronghs at positions where the conling
woters had Maged’ ,cppln\nu,llp" 5. 30, and
60 pbertes after halowenat on

Fish. Tivembe Atlintie wenbicdden (Brevo-
ortir turamnne) and ot (Leintomus santh.
were semed from the Potomac River
pear the Nbrgantosmn phat The fish were
acchimated dor 30 s o oseparate. | 000 |
ks that were supphed  contimpmishy with
dechlorinaded  (sodimm thiosalloe)  discharge
water at flow rates of approvimately 019 1 ¢
Roae water quabity of the acchmatim: water,
ienstored oy, was o folloses (mean = stan.
dard deviatum ) temperature = 309 (2 1 31

TT4TEN

Copllo= 50 (= 062); dissdhved oxvgen
(y) = 38 (= 1.23) me ), ammemia = N =
0% 12 0.2% mg b oand saliney 2 21 (=

ny . Mamtenance diets of tront ooy
b mendidon andd bresh, fieh chopped ven
hadew for the spet were apportinied ta the
fh o a twedah sehedule, daring both
atc mation and test perisds

Fishi were transferred 1o subimerged myvinn
cages (0% m ¥ 033 m X 071 m) heated
e e troughs at IMrations of 5. 30 andd BO
wites of hadogen decav, as desenbed shove
Approvamatel 30 menduden and 20 spot were
distnbited  randomhy 1o segregated, 1aired
cages  Obwervatioms of Ath mortality were
mate ot hows 1, 2, 4, 16, and 24 durin ¢ the
Rest 24 huwirs, aned twice daily therealter dur.
g the 190 (menhaden) and 20.day (pot)
eapastre perrxds.  Total Jength  and  wet.
werght data of dead menhaden and st were
reconded al each inspection.  Mean (2 stan.
dard deviation) total lengths and wet weights

o — . —

R Wy PRI TN T, | | L S
were TAR (< RE9) wmm oand 59 (= 299)
for all menhaden, and 75.0 (= K.03) nun
BR (= 2.31) g (or all spot.

RBivalves.  Juvemle specimens, with
lengths € 75 em, of American ovster (Crgy.
soslrea cirginica) and  brackish water
(Rangio cuneata) were obtained from gh
mesohaline (5 to 18 %, salinity) region of the
Potomac River. The shellish were acclimated
for at least 2 weeks before experimentation, iy
20041 tanks recen ing dechlormated condensey
cooling efffuents.  Basic water guality of ae.
climation water was identical to that used for
fish acclimation,

(‘.n:gn of 20 ovsters and 25 clame were
retuined in vertically suspended, nyvlon-mesh
“socks™ lacated at the 5., 30, and 60-minute
positions in the exposure troughs.  Before jm.
mersion, to quantitate new  shell depocition,
the omter shell matgin of all ovsters wis il
st o Jamn noteh was Bled in the shell
margin of cach ¢dam,  Test ammals were i
spected for mortalities three times each weel
durmg the 15-day exposure. New shel' depn
utiom was mwasured after the end of the
exprriment

Copepods.  Acartia tomsa from o bibeo aton.
st aieed cnlture were wtilized to deteroine
the eflects of hrontiwe chloride and chlorine an
sinvival at both condenser efflnent (31°C
anel ambient (22°7) temperatures.  The cope.
pods were acchmatized ta the test tempers
tires for 2 davs before wse, in sereencd con
tainers Jocated in the reference tronghs. Tes
wrganisns were cosdained in 300l hioaseas
Chanibers, which were screened at both inflom
and oty porte 1o prevent eseape of A
foava il mdroduetion of wndevirable organ.
s Halogenated water wae dphoned ~on
tumonse from the tronghs’ theee positions o
the respeciine copepl cCambers Total wr
vivab of A fonsa was determined after 24-howr
exposime perids,

Phivtoplankton.  Entrained  phttoplankton
comminities ware used to evaluate the tavic
cliects of bhroamne chloride and chlarine on
cnergyfiving and respiratory pracesses of pri
many priclieers.  Cooling water samples were
abbained at various times during the day from
the Phint intake enmibavment (reference) and
from the discharge ends of the hintoviciny
tronghs,  Portions of thete samplec were 1end
ta determine axigen evolution and  oxigen
consimption  (respitation)  rate acomding to
the plivtoplankion  metabiohe rate  meature.
ment  techniques given in “Standard  Meth
ods” " Dissolved oxvgen  determinations

174 Journal WPCF, Vol 82, Na. )



ac trations of chlorobrominated,
Jerinated, and dechlorinated condenser
oling waters during fish and bivalve
sung periods.

Halogen Concentrations (mg/1)

- —— ———— ——

Mean (+Stendard

frestment® Deviation) Range
m—
1s GON] (#0012 Y <) N
(U n0it (N7 T) PR R
U Hnnje (gnhtnld) <0008
' nined (N0t POILURIEER
L TSR LALLR <im0l T
{ ) g (00l ) <h ) nnil
ki <cnm? -
R W <chmn? -
R PLEL LM -

e el Vel Ne Relerence, dechlori.
A amsl G folleowing letters deaote apy
times (mutes '

NI

aanirnate habogen ohew 4

s made by the titration pn\rﬂ“nlﬂ de-
ot 4 by Carpenter 3 c‘\‘("ﬂph\'“ a and
ifinatin (V0 determinationt  were
wied] with the methads of Stnickland and
o Al water sumples nsed far phata-
peapitation ¢hlarapha 1l a, and car
emt assaniilatiom aithies were H\(‘H\l.ﬂ'd for
I Yumire befire analysis i a hallas tubh res
NEERE LS LI G ER) u|pr\|\ o amlent "n
River water Phs toplanktome sy ‘en
amd respuration values  were o8
w nnilhigrams O, petr milligram €Vl a
wet lumr and earhon fxation values s millic
w0 per milligram Chl a pet homr
Cater quality,  Analveis of the chloralien:
el chlarinated, and reference (et Wb
A1 comdenser efflnente for hatie woter
{ v parameters indic ated emall bt cone
e it dilferences hetueen treatiments dunnag
B dases of thas sty e mean (empera:
e (3127 = 1. 29°C) of the hlarmated and
wlerence stations, recenimg Lnit 11 eondenser
dierhiarges, Was convintenthe lugher (63'c)
B the mean omperature of the chlaro
lrsaninated staton st Uni § (DA =
1315C) Ao ugnifcant differences v ere
bowmpe]l ameng other mean hatie water qu ity
parameters. between all stahiors the pa am.
i« wme at follows (mean = standard d via.
oo pll =90 (2 049), no = 4.1 (=
01y meM, ammonia = N = ng (= 03A4)
' |, Ane] talonity 2 2“ (= OARY) 7, Hacie
aalises were conducted nung

' .

10NN

g
Lo
ueshit i

Wi q‘w‘

water guality

Halogen Compound Tovicities
"'.. 1. Total residusl oxidant procedures detailed in “Standard Methads™ 1

and In Soloranzo (aminonia = Nyt Tetal
restchial anidant coneenteations chmen in Tahle
| were measured twice daihv and varied dunng
these stuches becanse of plant cquipment mal.
functions,  Twa temporary plant shutdowns
for equipment repair oceurred, duning which
perincds the oxidant Jevels of < 0002 mg1
were recarded.  Howeser, the dom ntime in:
terruptiot s totaled less than 8 hours. Halogen
deteyminations were convdneted using a madi-
fed amperamctric  technigue detailed  in
RBongers «f al V!

RESULTS AND DISCUSSION

Fish. Juvenile B tyrannus and L. santhurus
were both talerant of the test conditions.  Sur:
vival of menhaden and spot exposed for 19
and 20 davs, reepectively, 1o chlarohraminated
and ehlarinated condenser cMuents ~aeeeded
70~ in all gioups (Table 1 Statintical
andhoaes of the menhaden data nuing bhath
ANOVA il Stadent's 1 tests? medicate ) that
there were no differences (P = 005 st
Lival etween hronine Moride. chlorne, and
reference treatments csuevival dat. from cone
contratione of cach halogen were poated for
malvsts hecanse of sl sl sires), No
diflerences were found i sl of ¢lloro
Fpomimated  spedt (mnp.nvrd te erther (Warine
ded o reforenee gronps. Survnal of chlo-
yine Areated spat was vt P € nosy
loes than that «f the reference Kk 1t i inter:
Pl @ Ly e thut 4 Yoo relation:
shiap Letween halogen concent el ot
cadent, i is decreas A resicdual
IR L

hmnd

Jumsenet

ainey sl was
anndant bevels wrompaed b dee
vival and that no such relationship was
for the menliaden data

o stadus have Vwsen connd
e the baprn Chtorbe el
ldorias to estane Rl e 1%l
G- haont [ T8 TR LAY Lothed e nteatian
{Les) valoes peportesd By R biestn vl Clegs
win G mnhaden (022 w2 1ood spest
() 22 and 021 g D) were v e i bser tham
the total reeid ) ondant levels uedd in this
iy (Table 110, where relatively nosr 1ner.
talits wan abooned Roberts and Cileeam ¥
fonned that Inomnee chlosrale v waerds rabid
lese tanie to e vhaden than ¢hhaime. hased on
OR - hwir (‘_ ' L s 1 ‘i‘..ih'l‘ I the Ve
ginia State \\oater Control Board © Athogh
the Water € ntinl Hoard 1630 values weie
sspecied o e anderestinted.  Cullae o
al - veported it 1otal revichnal (hiorine gon
conteatiom (012 myg 1wtk was hudde the

tord coampare

foner s wl A

e b S S—— - —
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Liden et al

TABLE I1.

— ————

Mean survival of selected estu rine species exposed to thlorobrominated,

-

,——

chlorinated, and dechlorinated (reference) «indenser cooling eMuents.*
Mean Survival ot Given Mean Halogen Concentrations in mg/! (%)

e .-

- G —— ———

BrCl Cl. Reference’
Species 0.081 0048 0020 0062 0032 0.014 RS R}  Re
Teleost?
Heevaortia [vramuny L O [T L0 % 5 1o LU oo e 91y
Levostomug sumthur us MY iso AN LR 60 7139 x4 ‘- X0
Bivalvet
Crassnsirrag virgimicy o Vo0 pno 1000 920 o — LLIRT -
Kungru cumegla 1.0 W0 280 1060.0 0.0 1000 — 10800 -

$ Mean water temperatures Wi 1) *¢

YR RO K6 refer 1o positions in hicassay troughe corresponding to canling water “ages” of & 30, aml
o minutes. Residual oxida®™levels at 4!l reference stations were <1 (60 mi P during studies,
T and day exposures for B tyrawnns and L. xanthursd, respectinvely

100y expuosur s

masimum Cl, residual oxidant level used in t)is
studs (0062 mg’l. Table 11), caused S0
mortalits ameng menhaden after 968 hours 4t
2530

Studies conducted by Middaugh ¢ a)
showed that 507, murtality of jusenile spot
had occurred after 8.day exposures to 006
mg | total residual chlorne at 15°C.  No
deaths were ohwerved among fish subjected o
either 0.04 ot 0.02 mp | 1otal residual ¢hlorine
At 10% or 15°C oo teinperatures < In the
present studs, mvemle L santhuruy were af.
frcted at all Clototal sesidual oxidant con.
centrations (Table 11, resulting in significant s
bwer wean survival of ehlorinetreated fi
comipated  with reletence. However,  the
arvalvses iicated that neithe halogen troat.
st v more deleterioms than the ather 1o
the wirvinval of either menhaden o spet

Wivabves.  Sarvinal of pvenide onvsters aned
clamy was imaflected after 18.dus AP
tr the chlmobiomnuited or chlotinated con
devser efffuents (Tabde 1), AN miertalitics
teverded b € corginica and R cuncata were
attehnted o apparent sulfocation of i i)
wals that had escaped from the  retaining
socka™ and bad fallen it the  anaeraln
Liver present i the tronsth bettoms

Restricted shell depositoon, imdicative of sl
Fethal  streas was syt s s enile
waters caposed 1o the halogenated eflluents
(Tabda 1D An o anahsic of varivnee of
the data uung the Fiaest ™ judicated thae
while siwnifcath more (P € 00%5) ¢hell
was generated among relerence ovsters emmn
pared to either halogenated group, no differ
ence was found hetween BiCl and Cl, treat

mente. There was o positive relationship be.
tween shell deposition and total residual oxj.
tdhant comcentration for hoth ehlarobronnnated
and (hlormated ovsters. A significant differ.
ene (I' < 00%) within halogen treatments
was found onh Letween oysters exposed to
0062 and 0014 me 1 Clotetal residual o
dant. No significant difference in deposition
anmong Brel comeentrations was found. Growth
of Rangia Yesvever, was apparenth undeterred
by either chlurolnominated or chlorinated of%.
ents (Table 1), as all test animale surviving
had completely refilled the 3-mm notch that
had Leen Rled in the shell perimeter

While BeCl or €l residual oxidants do
et appear to be acutely dethal to €. virginica
of R cuncate at residual oxidamt concentra.
tows o2 01 g L othe resalte shaw an evident
sab cthia) effect. Several other authors have
Qo mented ovster shell growth SUpPression
b aenome chbomde wnd borne i st ances
of Cillethal exposures. Roberts and Clevam +
reported eflective comeentiations (eeSoy) of
010 and 016 mg ) W€l and 0,023 mg | €L,
whieh whilited  juverle € virginica  she
gEwth alter 96 Lowrs, Shell depenition alse
was combiolled meong o sters exponed up to
120 homirs 10 001 mg | chlorine-produced oxi-
it Lamg term ) laweek exposure of inne
s peodiabl Mutilus) 02 meg | (‘l‘ e
sulted o 9675 s al accompanied by € 107
nreases o wean shell kengths ™

The restected  shell depmmcm olwenod
among ovsters i this sty probabh can be
attribmted 1o a combination of “avoidance” of
the  chlorohrominated  and chlorinated  efMu-
euls by shell dhse wnd possible impairment

176 Journal WPCF, Vol 82, No. |



(ABLE 111 Mean shell deposition by
venile American oysters and brackish
!..m ¢lams exposed to chlorobrominated

l‘”‘ chlorinated condenser effluents.”

|
' sean Helogen
‘ Concentzation

Mean Shell Deposition
(mm = standard error)

o —— ——— - -

(mg/1) C. virginica R cuneate”
HelY
0y 164 011 210
nide 17000 zin
00 1N & 01T 2\
ol
0} R AR 210
TRTLN 1T aul) 240,
nmd 1O & 021 270
Keferenee
Kur 15% 017 240

Test dhaeation of 18 davs

A cbamis reGlledd st hos in shells

R OUEpg Cere to puesition in Bassay trough coeee
eenling 10 wheee omding waters were L0 minates
A Reference total resslaal enslant levels were

W) yog | hoe the dutation of the sty

i nsiological and metabolic processes ithe
the maters Chlorine shell.closure responses
donsters ' or v?nrnp!mn of ether norma eed-
ag patterns, as shown with Belanus ™ may
st the total intuke of foodd matenals over
v s resulting e doser fitness of the
o organsns indicated by net decreases
dor conditon and  gonadal  indices. !
s i phasiological processes sinnlar o
bt veportedd to ocent in fish *2 00 ay well as
‘ iy metabolic pathwaye of mdere
A Iy halogen expenures and eosadting
pod anmiad Btuess alo may have oo
ded to the laek of growth ol ossters
\'n(l\
Copepods.  The eflects of short-temm 24.
woeapoRure to Al and Clytreated coling
caters om the sunvival of Acartia tonwr are
tnarized o Table IV, Acertia wulyected
larobrominated waters at 31° and 33°C
o logher mean tolal sunival than efther
Caomated (3106 ur reference (317 awd
200 groups. However, no statistically sig:
ot (P> 0.0%) differences were fouml
lo ren treatments using the Student's f-test
W means 2 No significant differences in
w oval were fomd among either BrCl or
Woaee A tonsa tested at 31° and 22°C,
Plawgh higher mean survival was o el
amng both groups at 22°C (see Tuble I\
Unexpectediv, a direct relationship was found

e e — ————

Halogen Compound Toxicities

between W dosage and survival, that s,
with lower BiChtotal residun] oxidant concen-
trations, Jower survival occurred,  Conversely,
an expected mdireet relationship hetween Cl,
or reference concentrations wid survival, with
Bigher sunvival corresponding to Jower oxidant
levels, was olwerved.  These analyses do not
offer an explnation  for these  anomalous
results,

Clilorohrominated solutions alse were found
to be less tonic than chlorinated waters to
Acartia by Roberts and Gleeson.'® The 48.
hour Le30 BrCl values reported by Roberts
and Gleesin '* were 012 and 0.11 nig1 at
20" and 25°C, respe tively. Concurrent tests
wning chlorine yielde i Le50 values of 0.067
and 0029 mg 1, indic ating that the 0.05 mg/l
48 hour Le 80 €L, valie previously reported by
Roberts ¢f al ** was upparently an overestima.
Jtion t* Similar testa 1 sing freshwater Daphnie
magna idicated that chlorghrominated waste-
wuter effluents were less toxic to the copernds
than ohlormated eftlgeis after 48-hour ex-
posures. * Total roudual hromine chilonde
comcentrations of 0.017 and 0.035 mg | and 4
ot residhial ehlarie concentration of 0017
w1 cansed 307, noortalitics amang Daphnia

TABLE IV. Mean survival of A fonsa
exposed to chlorobrominated and chlorinated
condenser cooling waters.’

Mean Survival st

Given Test
Temperature
Resdual (%)
Concentration — -
Halagen (mg/1) nc nc
It 1 AR )
PONG sia
R | sl
TRIL Y sit
g EA )
et A
v st (O -
[ ' ]
ool sy
I T |5 L s
(TR ingd 4.3
Ko »Ma m

Y3 e on o mire | otiads Tests cond ten] wsing
comhoteat vithnets (41 1T an 1w conmachenset o cesling
waters 122 O

CRERW el Rk refer (o positins in Linais sty
vty vy speme gt comiling W ater Cages ol b
Wi st pates Ky stehiad oot Jevels at aft
relerence stations wer <MY my | during wtadus
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during thiwe 4K.howie teste ™ The results of
the present study indicate that the residual
tomicity of chilorohirominated waters is Jess than
that of hlorinated  waters, although  at o
statistically insignificant level.

Zooplankton mortalities resulting from power
plat eatramment have been atiributed to

mechanieal thermal, wd blocnde stresses as
well s comoinations of the three. Waork by
Carpenter et al.* indlicated that mor-

tulities were cansed by hvdranlie and mechan.
ol stresves occunmg duning  through-plant
entrimment, but the relationshipe of excess
tenperature aud chlorine to copepal maortality
could not be discerned from their experimental
design. .

Several authors have shown. however, that
rooplankton (copepods) are tolerant of rela.
tvel large changes in temperature and that
punmping stress also may contribute little to
mortality.  Davies and Jensen ** found that
copepeed mortality comparing intake and dis.
charge canal samples, was unaflected by am.
Buent tempesatures at Lake Norman and Indian
Hiver power pliste. bt that at the James
River plant motlity of copepods decreased
with mwreased  teniperatuze Similarly, A
foan bdd Bese than 3070 ttal mortahity when
exponed] toan 11°C thermal increase. ™ Re.
sults of omoyme studdies by Heinle ¢ demon-
strated that copepad mortalities from errculator
prump wrese was hsi@inficant.  Shear «trec,
acceleration,  and  abrasiomal forces in moaun
plant covbignrations may he the major nam-
biocdal o pempumpmg contributors o 200
plankton mortalitn during coaling sietem en.
Erammnemt ¢

CL smation has been wlentified by several
with .
st e gomplankton mordines in power planty
Ovisite stdies by Dasies el Jensen ** chiow el
et Cdommatens ol condomer eonhing w sters
resulted e sigoificant copepod mortalities at
ctotal resciad chlorine concentiations < 1.0

md b Homde 9 pheer ed cimilar decteases
copeped sanvinal during chilerimation eveles al
Moty Lind posver plants Cunbeson tetal g
ol e hlrme commontratun). Analvas of O
resulic from the preseot stidy did not indicate
ey stgnhe ot hadogen s ival effeets at rep-
rescrtatine discharge  tatal residual  evidant
lovels « 0 1 mg | Howeser, lngher zooplank.
tenr ortality rates woukl liave heen Ple
with coohng water from within the cooling
sustem closer (o the point of hincide introdue.
Hon (eircnlator pumps in this studv), where
ttal  residual - ondant  concentrations  more

an the HON causing my

onelv approsimated  the 0.5.mg/
rate.  Studies by McLean *  and
of al ' have shown that A. tonsa subjecied 1 |
28 g 1 total residoal chlorine had 80¢ 2
<0, tetal survival, respectively, afi
minute exposnres. Centile o o2 ako foyng
that groups of A tonsa had 50°; survival after
a' 2. howr e#:m‘:,r’f to :’.o ”:l'!ly total
chilorine. ects of init applied

residual oxidant  concentrations an
and 1.5 10 20 g | may not contribute d.
rectly to the inunediate death of
rooplankton, hut may increase the
of mechanically  caused  mortality

alter the intial hincide shock, depending op
time of expasure and temperature. Residyal
hincide concentrations < 0.1 total re.
sidual oxidant discharged into receiving
stream would probably have minimal effect on
natural zooplankton populations.
Phytoplankton.  Severe depression of
tosynthetic  processes and M.nﬂyﬁ:
creased respiration rates of entrained .
tiphikion communities accurred during
chlorohoomination  and  ¢hlorination of econ.
denser conling wa'ers (Tuble V). Reduetions
in priman prcducers’ oxygen evalution ranged
between 77 and 35877 below that of vnen.
traimed reference samples.  Similarly, eaibon.
hvation rates (1*C assimilation) were Jimited
tn 39 1o 697 of untreated sample values
(Table V') by both halogen treatments.  En
traient also resulted in increased phyto
plankton respiration rates ranging between
56 and 12767, greater than those recorded
for reference samples.  Analvsis of the dats
FANOVA) did nat indicate any significant dif-
ferences (P. > 00%) in phyvtosynthetic o
respitatony process changes between chloro-
hrommated  treatments No o differences in
rate changes were found either among NCY
tal remidual sadant concentrations (1 088
und 0035 1o 0086 g 1) or among Cl,-tta!
renddual  oviclant concentrations  (0.067 and
DO6T to 0321 mg 1. Photosynthesis and
reepiration pates at differont sample thives dur-
e ewch duy (see Table V) were equall
Mhected T all biecide treatments and levels
Chlmation of condenser eanling waters has
hecn demonstrated to comtribute in varving
deerres o the sappression of  primary pro-
ductinity of estrained phyt . Some
cmtroversy  exists concerning the combined
effects of hiocides (chlorine or hromine chlo-
rie) and thermal increase.  Several stud-
ws ¢ clearh dewonstrated  depression of
productivity duning perids of chlorination, as

t

&
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|gspiratory processes of
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Al LEV. Effects of b
entrained phytoplankton.”

0. Evolution in Light

romine chloride and chlorine treatments on photosynthetic and

0. Consumption
in Dark C Fization in Light

(mg “C/mg Chl e b)

Drte (mg/mg Chia h)" (mg/mg Chia b)
and b <M N T ode - A
oni- dosage Reler- Experis Reler- Experis Rifer-  Experi-
unt ( ) Time ence mental ence mental ence mentsl
atl TRL T (RIN) 174 -0 & L2 1na 023 0o
TR oM 0. - 1K 29 64 0% 0wl
1280 nn -\ M2 169 - -
PRRTR (N in.2 -7 s R (] 041 "2
nnis. (W30 410 -7 14 PR [T} nin
008K 10480 8T -M.2 17t il 042 w1l
1130 9 -2i.6 n2 s0.2 04t [IRR}
'y RIS () i - S0 41 LA 0L 0
0w A L] 24 -12.7 LR LR ] [IR1E 0.00
11w no -7 34 L 3 - -
X/ A0 ORI wo 9.1 LR 7 0.0 014
A W n2 -Nne LR e 0N 0
nid W o - SAx 161 10,1 [IRL 0l
110 471 -770 62 1oL 049 nix

Ll
o Keaglts indieate tambased elMects of Tnoeide Lreat i

Negative values imlicate decreans in O, evalubion

alees ohsers md in this stdy Tata) inhibi-
on activits resalting from

ling waters alwe has heen
thermal incieases

"
oo of p'\\lnpl.ih\c'
dibarnatiom of oo
eported ¢ % However,
frarm Josy  ambnient  temperatnees (< 20¢C)
have resilted in either no effect ** or e
ceased primary procuction Thermal stress
frain hase temperatures > 20*C alsa has been
demamstrated to hime no slect ® or to have
depresscdd  priman proclactivity ¢ ¢ The
cmphig schieme wsed 1 this sty died e
Mo Lo differentiation between Wl and
1 streases mul 3T (7°C) Plasserer, based

(e resuete of smilaf stisdios ¢ 87 it appear
i1 the slwened changios ||h\lup‘n|u\h"|

Cties n this sty were primandy cansed
fee Pl pand N EA s LI I'\P .Ip|\||("| 0s ma |
Bt 1 oon 1tk residaal onitlant

(ONCLUSIONS

The tovic ellects of ellorolaiminat d and
dhidorinated power plant conlimg  waters  on
exbriamine g appear to e smilar with
mapect 1o the lethal andd sublethal response
melicators used in this study Sumlar total
wovival of menhaden and spod, as well as
o der ol Rangia expesed to BrClL and Cly
i aed effluent indicates that the tosicities of
e tesidual oxidants were similar for hoth
halogens.  Lack of dissimilarities in oveter and

ot andd pdant AT (H1° 0 W) Kelerenoe v oluvs are

1) il no biocide.

clam  shell deposition hetween +hlarobromi.
nated and chlorinated efffuents s furher indi.
cation of equivalence of the twn halogens’
resicual tovicities.  Shell grim th whibition of
hiva'ves living in areas affectedd by the plant's
discharge  wonld andomlted)ls  occur during
periods of bicwde wtihzation for ofonling
control, usuallv from late spring to mid-fall.
Howeser. while g th might i fact he
limited v hiscides during thit peniad, nor
wial grosth praduablh wonkd resume after orsaa.
tens of Diocude vee. Fish encountering Liromnn
Whminated o Oidnmated  condenser conling
elllwerts i the discharge aread of receiving
dreams prababily wook! b anaflected o the
o Jeved Iadozen  rea ak ad wonld I
theh  t aveid  ontatisf o ton connlitions,
powsihile

The reshts of this stods b wwnstrated that
Verowminee chloride appe s 1o b Jews e o
pooplachton th equn et levels of ehlanine,
Altluresgh the difference wans statintig M insigs
wilicant The data froms onr st prohabih
ate e o wtine ol s fval of eemeperds
aned othier simlar zooplankton expanedd Lo bro
mine chlorde o Clilonne resicdials in the mis
ing areas of the plants discharge. where
renichial onidant Jevels woukd he <01 mg L
Mortality rates of zooplankices coconntenng
imitial biocide (RO or Cl) concentration

Jonuary 1080 13N




Licden et a

~ 0.5 mg | during primary phases of through-
plant entrainment probably would be higher
i thowe rates olsermved in this study, Sub.
sequer e havical and phivsical stresses also
comhd b expevied to increase death and in-
iy 1o entruned orgeisms,

Bincide effects on entramed phytoplankton
activity appear to be identical regardiess of
halogen treatment.  Although the data from
thius stucy did not delineate the roparate roles
of biocidal, mechanicai, and physical stresses
o phvtoplanktonic processes, it s apparent
from these duta and the literature that indti-
v apphied miniimum concentrations of BrCl
or CL. which effectively control hiofouling in
estearime ooling systems, would contribute
whstantially to the inhihition™ of nshotosyn.
thetic processes of entrained phytaplankton
communities.  Increased respiretion rates ob-
cened i this studs may have heen caused by
avidative bacterial activity, stimulated by the
widden availability of organic material. pre.
sl froan dead pln'n‘ﬂ.mhal.

Ihe efiects o phyvtoplavkton of residual
avidant dischirges into receiving streams. al:
tewgh ot investigated as part of this study,
pocar 1o he confned to an area within sev.
veal Kilomwutens of the l'\\l‘n.llgl ot o Qute
vde of this area. Fox and Mover ¢ reported

woplere reeonery of phatosunthetic processes
by e cntianment Jevels  Indieations of the
ponalilitn of these reeoery pricesses are e
dest i the carbon-Rsation data presented in
e sty where only partial inhibition  of
fCoassmalaton by BeCloand 1, after 4 hours
enbuatiom sugeerds that total destruction of
the s toplanktom commmniiy ] vt neenr

e evidence presented in this study and by
ather mvestigatons sugeeds that the effects on
st organisme of chlorobrommaged power
plat coonmg waters are sunilar and in come

s et oy sesore s the effects of equivalent
hilormated waters R Chloride’s more
< rapud deeas rate may make it o more desiralile
atif g alternative 1o chloine. Himeser,
i pmportant that muse compatative teste I
Commdacted ta define any e reneet in tovicities
ol hiowmine ehlonde or chlonse et o
dante These tests wonkd e pecessary helore
hhorohionmnatuons can be  ennside At an
covrmmentally  accepialile  altermatine o
ilorine for disinfee m and binfouling control
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