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cally encountered in cooling towers (pH from 7 to 9), hypochlorous
acid can convert to the hypochlorite anion which is not as effective
a biocide. Some studies indicate that hypochlorite is 100 tin'tes less

effective~than hYl'()~h~orollS..!lci4. ~~.c'

HOCI -+ H+ + OCI-
<iff.'

INTRODUCTION

A good biocide program is critical for proper maintenance and per- At pH 7.5, about equal amounts of hypochlorous acid and
formance of a cooling tower system. Here we will consider the hypochlorite are present. At pH 8.5, the split is about 10%
important properties and characteristics of common oxidizing bio- hypochlorous acid to 90% hypochlorite anion (seeFigure 1). What
cides such as chlorine, bromine, and chlorine dioxide. When prop- this means is that a cooling tower operating at pH 8.5 may require
erly applied these compounds are useful for controlling the wide more chlorine feed to maintain overall cleanliness than a compara-

range of microorganisms -bacteria, slime, algae, fungi, and protozoa ble system operating at pH 7.5.
- that prevail in industrial cooling water systems. ' The by-product of chlorine addition is hydrochloric acid (HCI).

This biocide discussion is presented in modular format with s~~is will typically lead to a small decrease in cooling tower pH.
arate sections devoted to each type of oxidizing biocide. The infor- Available chlorine (Av. C12) is a method of comparing the activity
mati on here is very general and has been culled from several key of different chlorine containing biocides on a per-weight basis. The

",---/'eview articles and references. It is not the purpose of this document value for chlorine is 100% by definition.
to be all-inclusive in terms of information about each biocide but

rather to present the important points abom each. It is hoped that
the modular format will lend itself to further expansion and devel-
opment of information of use to the water technologist.

CHLORINE

Properties
Appearance: greenish-yellow gas

Molecular Weight: 70.9
Av. C12: 100% (by definition)

Formula: C12

CAS #: [7782-50-5] bp: -34°C (-29°F)
Density: 11.7 Ibs./ gal (20°e, 6.9 atm.)

Product Forms

Chlorine is a greenish-yellow gas. It is sold in 150 lb. and 2000 lb.
steel cylinders as a liquified gas under pressure.

Chemistry
Chlorine reacts with water ro form hypochlorous acid (HOCI) and
hydrochloric acid (HC!).

Cl2 + H2O --+ HOCI + HCl
~

Hypochlorous acid is a very effective and economical general-pur-
pose biocide. Keep mind, however, that at the pH conditions typi-

Prodz«t Application

Chlorine can be applied continuously or periodically slug-4,osed as

,required. Chlorine gas is normally dosed using ayact]um'~~uctor
'system which draws chlorine gas fro~ th~'~torageg~der ahd"dis-
penses it into the water supply. Important components of thefeed

~:tem include the chlorine supply, the metering system, ,~d the
IllJector system. ,--:",':;,.,

It is common practice to regulate chlor,ine dosage bas<;#~/the
free chlorine residual. This is because the free forms of chlorine are'

typically more effective biocides than the combined forms (see
below). In practice, free chlorine residuals of betWeen 0.2 t~ I ppni:'
continuous or 0.5 to 2 ppm on a periodic slug-dose basis lead to
good microbiological control in industrial cooling towers. The
amount of chlorine added can be adjusted up or down based on
results of visual and microI1ological moniroring methods,

Iinpurities and Conditions to Avoid
Sbveralcommon cooling tower impurities react with chlorine and

, Jay reduce biocidal effectiveness:
-INitrogen compounds such as ammonia or urea (e.g., fertilizer

: plants)
_IHydrocarbons such as olefinsand are,matics(e.g" refineries)
-I Iron (especially ferrous form - FeH)
- Manganese (Mn ++)

- Sulfides (e.g.. H2S)
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Other conditions w avoid include high initial levels of silt, algae,
and slime. Such highly fouled Systems may need mechanical Ot
chemical pretrcatment. Cooling towers and decks exposcd w full
sunlight may require additional treatment for algae or slime sincc free
chlorine residuals degrade rapidly upon exposure to UV light and heat.

,

' /Chlorine Demand
The impurities outlined above can effectively remove the free forms
of chlorine necessary for good microbiological control. Since these
impurities occur in all cooling towers, additional chlorine must be
added to completely react with these impurities before a free chlo-
rine residual can be established. This additional chlorine require-
ment is referred to as the chlorine demand. It is not uncommon to

add ten times or more chlorine than that theoretically required in
order to establish the desired free chlorine residual.

To further illustrate chlorine demand, consider nitrogen impuri-

ties such as amines, urea, proteins, amino acids, etc. These com-
pounds react with free forms of chlorine (HOC1, OCn to produce
combined forms of chlorine (NH2CI2' NHCI2)' The combined
forms are generally less effective biocides than the free forms by a
factor of ten or more. Each molecule of amine impunity may react

with up to seven molecules of chlorine before a free chlorine resid-
ual can be established. What this means in practice is that small

amounts of impurities can consume large amounts of chlorine and
render it partially or totally ineffective.

Chlorine species are also lost through the physical processes of
evaporation, drift loss, and blowdown. Heat and sunlight also pro-
mote degradation of chlorine species. Although these physical and
degradation processes are not normally considered when discussing
chlorine demand, the effect is the same - more chlorine has to be
Idded to maintain the desired residual.

~

Measurement

DPD Method. Chlorine residual (mg/L, as C12) is commonly
determined using the DPD method. This is a colorimetric method
based on the development of pink color in the N,N'-diethyl
phenylenediamine indicator in the presence of oxidized forms of
chlorine-containing species (e.g., HOCI, OCI-, NH2CI, etc.).
Note that the chloride ion (Cl-) does not induce a color change.

Oxidized manganese can interfefe :~ith the test as well as copper
(>10 mg/L) and chromate (>2 mg/L).

Two types of DPD tests can be conducted. The freechlorine DPD
test measures free or uncombined chlorine - that is, chlorine in the

form of HOCI and OCI-. The total chlorine DPD test measures
both free and combined forms of chlorine. Combined forms of

chlorine include chloramines (NH2Cl, NHCI2) and reaction prod-
ucts with nitrogen containing compounds such as proteins, amino
acids, and humic substances such as mud and silt. It is actUally pos-

sible to distinguish among specific combined forms of chlorine

(NH2Cl, NHC12' and NCI3) using the DPJl) test (Standard
Methods, 1992). Suitable chlorine test lcits are available from
numerous vendors. In-line mcthods are also now available.

~odometric Electrode Method. This method enables the direct
determination of total chlorine residual. It is based on the reaction

~ ofKI with chlorine species and the potentiometric measurement of the

iodine produced. Several commercia! analyrical systems arc available.
lnline, continuous monitors based on this method are also available.

FACTS Method. Frec chlorine can be dctermincd free from most

interferences by the freeavaildbu chlorine test, syringaldazine.
(FACTS) test. This is a colorimetric method based on the oxidation

of syningaldazine C3,5-dimethoxy-4-hydroxybenz.aldazine) by chlorine.

Other Methods. Other methods of chlorine residual analysis include
iodometric titration and amperomerry. lodometric titration measures
total chlorine. It involves trearment of the chlorine solution with KI to

produce iodine followe~ by titration with standard sodium thiosulfate
(Na2S203) solurion. The amperometric method involves 1) titration

at pH 6 to 7 using stan~d phenylarsine oxide solution followed by 2)
addition of KI and titration at pH 3 to 4. This tWo-step procedure
yields free and total cHlorine, respectively. Modifications allow deter-
mination of monochlobmine and dichloramine as well.

Indirect CWorine Jeasurement - ORP. ORP (oxidation-reduc-
tion potential) is an ihdirect method of monitoring chlorine addi-
tion. The method islbased on the small but detectable potential
change that occurs

~
en oxidizing species such as free and com-

bined chlorine 'occur in water. The ORP method can be used to

automatically feed orine and other oxidizing biocides when the
ORP reading falls bel6w a certain preset level. In-line and hand-held
ORP meters are available from numerous suppliers.

I

Hazards &- Safe'J:
Chlorine is eitremel~ irritating to mucous membranes and has a
pungent odor. IUse eXfreme care during handling and application of
the material. The U.S. Superfund Amendments and

Reauthorizati~n Actl(SARA) specifies reporting of chlorine leaks
greater than 10 poun

r

s under community right to know laws.I

Manufactu~ers
Chlorine is a Jommo icychemical and manufactured by numerous

companies su~h as 9°w Chemical (Midland, MI, 517-636-1000;
800-441-4DqW) an~ Occidental Chemical Corp. (Niagara Falls,
NY 800-733-1165).

Further ReLingr
. "Applicatiod of Oxidizing Biocides," document # WfP-141,

Cooling Toter Institute, Houston, TX, June 1994. :::: ~~
. G.R. DycHala, "Chlorine and Chlorine Compounds," in.

Disinfection'

l

Sterililztion, and.Preservation, FourrH edition, S. S. Block, ed., pp. 131- 151, Lea &

febiger, 19911. I.~
.

tandard Methods .lf

l

or the Examination of ~ter and Wastewater,

18th Ed., PpJ 4-36 - 4-48, American Public Health Association, 1992.
, 1

.Fter Ana&-fisHanlfbook:. Hach Company, Loveland, CO, 1992.
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l

dium MIypochlorite Solution)
nL. .
rropertles

A~pearance: pale yel~ow liquid

I I

Formula; Na<DCI

Ar' Cl2: 120/1(nOmi

r

l al)

CAS #: [7681-52-9]

EPA Chemical Codq: 14703

Molecular Weight: 74.4

Density: - 10 lbs./ gal.
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Product Forms "', /. ;~itiMd~ufactu,J.s

Sodium hypochlorite in pure fohn is unstable. Industrial bleach. 'Harcros Chemi?ls Inc.j(I(ansasCity, KS;913-621-7749)
consistsof a solution of sodium hypochlorite ranging from 10 to 13 BASF Corp. (MoutH Olive, NJ; 201-426-2600, 800-367-9861)
% available chlorine by volume (8.8 - 10.

.

6% by weight). One gal- OCc,i

..

dentai Che

r
i ica1d

I.

orP' (Niagara Falls, NY; 800-733-1165)

Ion of bleach contains about the same amount of active chlorine as - .

:ne pound of chlorine gas. Bleachis typicallysold in 55 gallon plas- Further 'Reading
~ic drums or delivered on-site in tank trucks and stored in diked. c'fJpplicaf.ionof Oxi, izing Biocides," document # WTP-141,

bulk storage containers. Cooling ITower InstitJte, Houston, TX, June 1994.
Bleach has a limited shelf life and should be u'sed within six. G.R. 9ychala, «C110rine and Chlorine Compounds," in

months. Prevent contact with iron and other metJls as they may Disinfictf.°n. St(riliza.pon.and fus(rvation, Fourth edition, S.S.
accelerate deterioration of the product. Store the

l

product away Block, ea., pp. 131-1p1, Lea & Febiger, 1991.
from direct sunlight and other sources of heat. The product. "N

.

!andbbok for Ble

1

khing Agents P

.

iPing Systems," Form No.

freezesat aboUt30°F so take necessaryprecautions i~ cold climates. 178-17

~

L78' Dow C ' emical.

Chemistry I

Like chlorine, bleach reacts with water to form hypbchlorous acid. (HLORI TEDISO~YANURATES:Sodium
Unlike chlorine,however,sodium hydroxide (not hydrochloricacid) Dlchlorolsocyanurate (Dlchlor, Dlchloros-trlazlnetrlone)

is the by-product.In addition, bleach containsI excess sodium ProperJes
Ihydroxide to stabilizethe product. This will typi~11lead to a slight I.

increasein coolingtowerpH. I Appearance: white grlules or tablets

As with chlorine, the hypochlorous acid from bleach converts to I

hypochlorite ion at high pH which is a less effect~vebiocide. See Formula: IC3N303Nap2 MolecularWeight: 198.0
Chlorin( - Chnnistryfor additional information on ~e effectof pH Av.C12: 6

1

0 -63%

on biocidal efficacy.
CAS #: [2893-78-9]
pH (1% iol'n.): 5.9

EPA Ch+iaU Cod"
I

. 1404

Product Forms
Dichlor

~

.I sold as 57% and 99% active ingredient granules. Since

the purer form has aV#lablechlorine of about 60%, one lb. of each

. of these orms will delf,ver the equivalent of about 0.34 and 0.6 lbs.
of chloribe, respectively.The dihydrate form is.also.sold and has

avaik,-ble~lorine of +out 55%. Pora:sium di~hlo~ois?Cy~urateis
alsoav~J.a
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, are partIcularly swtedfor slug dosmg. . .. ,,' .',

Ch~~ "',

Like chlorine and beach, dichlor reacts with wat~ to xctease

hypochl+ous acid. ;e compound contains tWo chlorine atoms
which are released se entially. One molecule of dichlor thus deliv-

. I
ees tWo molecules of H.ypochlorous acid.

The b

t

-product 0

1

' this chemistry is isocyanuric acid ill which

acts to s abilize the. ree hypochlorous acid released to UV irra-
diation. Such stab lized forms of hypochlorous acid may

degrade 4X slower T dire~t sunlight than non-stabilized forms

~O~NyONr N

CI II(CI
0

HO N OH

'f I( ~ H,O

CI/ rr "CI

1-~ .

Product Application i
Bleach is typically applied as a continuous feed using a electronic

metering diaphragm pump. I'
The product may be added directly into the cooling tower sump

0r into a cooling tower side stream. Bleach can offJgas causing loss

" /f prime so use of a flooded suction feed is reconimended. It can
also be slug-dosed using similar equipment. As with chlorine, free
chlorine residuals of betWeen 0.2 to I ppm continJous or 0.5 to 2

ppm on a periodic slug-dose basis typically lead to !good microbio-
logical control in industrial cooling towers. The amount of bleach

added can be adjusted up or down based on results of visual and
microbiological monitoring methods.

Impurities and Conditio1l$ to Avoid I
The chlorine species generated bf.hkach are affected by the same

cooling tOwer impurities and conditions that appl~ to chlorine gas.
These include nitrogen compounds, hydrocarbons, metals (iron and
manganese), and sulfides. See Chlorine - Impurities 4nd Conditions to
Avoid for further information. I

Chwrine Demand
See Chlorine- ChlorineDnnand

I

Measurement I
Bleach rreatment levels are also monitOred using free chlorine resid-

uals (mg/L as C12)' Again, the DPD method
l

is the preferred
method. See Chlorine - Measurement for additional discussion.

Hazards & Safety I

t;odium hypochlorite is corrosive and vapors are irritating. Bulk

" ,..Jodium hypochlorite storage facilities muSt be didd to contain the

product in lhe event of an accidenral spill or relealse.Use care dur-

ing handling and application of the material. Avoid contamination
of the material with foreign subsrances such as metals.

Solubility: 25% in water

j

H2O H' .. HOyNyOH

N~N

CI II
0

HOCI +

. HOCI+ HOyNyOH

NYN
OH !




