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1 Introduction to biocide use
H.W. ROSSMOORE

1.1 What are biocides?

This book deals with selected arcas of biocide use. A Renaissance poem states
for ‘want of a nail, the shoe was lost, and the shoe lost the horse, then the rider
the battle, and the war’. Biocides are often the nail in the shoe, a necessary evil
to prevent some microbiological disaster. A few years back a publication of the
United Auto Workers summed up their evaluation of biocides in metalworking
fluids. “The worker is caught between disease-producing microbes and cancer-
causing biocides.” This conclusion unfortunately does not only apply to
metalworking fluids. The use of sodium nitrite in prepared meats prevents the
eventual formation of botulism toxin while at the same time contributing to the
synthesis of carcinogenic nitrosamines. So using the current vernacular,
operators selecting biocides are between the so-called ‘rock and the hard place’.
Decisions are made based on benefit/risk ratios. This is not only a health-
oriented decision; it 1s also an economic one.

The term biocide seemed to spring into popular usage about 40 years ago. It
has neither universal acceptance nor is there complete agreement on its meaning.
A very literal translation for bio-cide comes from the Greek bios meaning life,
and the Latin cida which means to kill, a rather redundant definition. Block
(1991) defines biocide as a substance that kills all living organisms, pathogenic
and non-pathogenic (including in his comment bacterial endospores).
Unfortunately this literal definition is not universally accepted, especially in
medical areas where the term sterilizer is used to denote total kill (US General
Accounting Office [GAO], 1990) (Table 1.1).

An authoritative source (Merriam Webster, 1986) defines biocide as pesticide,
a chemical agent that destroys pests—an economic poison. Regardless of the
etymology, it is usage that establishes definition. Biocide is used in a variety of
applications, many of them included in this book where the more traditional
term would be disinfectant or preservative. These terms imply that select
organisms are involved (GAO. 1990) (Table 1.1) or that some substrate is

(Jacula Prudentum, 1651, George Herbert)
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Table 1.1 Selected disinfectant efficacy claims? (GAO, 1990)

Sterilizer The disinfectant, sometimes called a sporicide, is intended to destroy or
eliminate viruses and all living bacteria, fungi, and their spores. (The claim
denotes killing all microorganisms, including the highly resistant spore
forms, and indicates that the disinfectant will produce the highest level of
disinfection possible)

Tuberculocide The disinfectant is intended to destroy or inactivate tuberculosis bacteria
(Tuberculocidal claims are often used by medical users of disinfectants as an
indicator of product strength because tuberculosis bacteria are more difficult
to kill than most other species of bacteria)

Disinfectant The disinfectant is intended to destroy or inactivate one or more major
species of bacteria. depending upon whether the disinfectant makes a
‘limited,” “general,” or “hospital” disinfectant claim

Fungicide The disinfectant is intended to destroy fungi

Virucide The disinfectant is intended to destroy or inactivate one or more specific
viruses named on the disinfectant’s label

Sanitizer The disinfectant is intended to reduce the number of living bacteria or viable
virus particles

2 As defined by EPA, “disinfectant’ refers to only one of several types of antimicrobial pesticides
which, with some exceptions, are substances intended to inhibit or destroy microorganisms
(bacteria, fungi, viruses, and spores). However, we use the term ‘disinfectant” (in this report) to
broadly describe all antimicrobial pesticides intended to protect public health.

protected from biodeterioration. For the most part this is the operational
definition used in this book.

1.2 Control of biocide use

Interest in use of biocides is as diverse as the areas needing their protection and
the sophistication of the practitioners involved. Although the need for biocides
has not diminished, their application and selection has become more restricted in
the last two decades. This restriction has resulted from concerns in two areas:
product toxicity and eventual environmental impact. Almost every major
industrial nation has set up roadblocks in the form of appropriate legislation to
‘register’ biocides (economic poisons). The following chapter focuses
specifically on this area, outlining the specific requirements for acceptance in a
large number of countries. A most important concern, especially of
multinational producers of biocides, relates to the international recognition of
registrations from one country to another. Unfortunately this stage has not yet
been reached, although the European Union is hopeful of reaching that goal
among its member states. Also a step in bilateral agreements on acceptance of
toxicity data was signed between Japan on the one hand and Germany, USA
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and the UK. However, this does not mean product acceptability since each
country may have different levels of toxicity acceptability. This also applies to
ecotoxicity (i.e. environmental impact) where acceptability may vary
geographically within a country in spite of so-called registrations and relatively
low toxicity. A pertinent example illustrating this point is worth mentioning.
The addition of copper salts to an isothiazolone mixture can reduce potential
toxicity as well as costs in treating metalworking fluids. However, within a large
auto manufacturing corporation one plant which discharges its effluent directly
into a natural waterway is prevented from using copper since levels would
exceed the United States Environmental Protection Agency (EPA) imposed
restrictions. This single example emphasizes the problem involved in selection,
even when a product has a legal registration.

In 1987 (Fed. Reg., 1987) the EPA issued a chronic and subchronic data call
on active ingredients (Al) in antimicrobial pesticides. Up to this point a
pesticide’s Al was evaluated toxicologically by a battery of acute tests without
regard to the extent or length of exposure in use. In other words. the application
of the biocide was not considered. The 1987 directive assigned exposure
categories for every use for which registrations had been issued. In Tables 1.2
and 1.3, both part of the EPA directive, the assignment of exposure levels can be
seen: low, medium, and high. Under Household Sites, which would include (all)

Table 1.2 Use Site Exposure Matrix®. This table is used to clarify the exposure associated with the
use site of the product.

Routes of Exposure

Use site exposure® category
Agricultural premises and equipment LD High
Household sites LD High
Aquatic sites

Industrial processing water systems LD Medium

Air washers and cooling towers LD Medium

Swimming pools D, Ig High

Human drinking water D, Ig High

Lakes, ponds, rivers, sewage systems,

secondary oil recovery systems LD Low
Commercial, Industrial, Institutional Sites

Food and non-food contact surfaces LD, Ig High

Hospitals and other health care facilities LD High

Adhesives, paperboards, coatings, paints ILD Low

Metalworking fluids I,D High

Laundry, dry cleaning I,D High

Leather, textiles® D Low-high

2 Taken from EPA Directive to Registrants of Active Ingredients, March 4, 1987. Fed. Reg. 52:
595, January 7, announcement.

D, Dermal; I, Inhalation; Ig, Ingestion.

¢ Textiles not used for clothing or furnishing (e.g. tarpaulins, awnings, fire hoses) may be
considered in the low exposure category. '
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Table 1.3 Interpretation of 40 CFR Part 158.135. Data? requirements for antimicrobial pesticides
based on exposure categories. Registrants should use Table 1.2 to identify the exposure category for
each product and then determine the studies required according to Table 1.2.

Exposure category

for use site

Data requirements High Medium Low
Subchronic testing

90-Day feeding R R N
21-Day dermal R N N
90-Day dermal N R R
90-Day inhalation N R R
90-Day neurotoxicity N N N
Chronic testing

Chronic feeding R N N
Oncogenicity R N N
Teratogenicity R R R
Reproduction R N N
Mutagenicity R R R
General metabolism R N N

R, Required; N, not required.
4 See footnote a in Table 1.2.
consumer products, there is an a priori assumption of maximum exposure to
these products. All other levels are based on presumptive exposures in each area.

The practical lesson resulting from this change is this. Because of variation on
exposure level assignments for each application, toxicological demands differ
(Table 1.3), making registrations realistically application related. Exploitation
development of a biocide for one use is not economically feasible, especially for
high exposure in a small market (e.g. metalworking fluids).

Consumption of specialty biocides in the US is spread over a number of end
uses (Table 1.4), many of which are found in the following chapters. This
variety encompasses a number of molecular types (Table 1.5) and manufacturers
include a large number of domestic but primarily international chemical
companies. As stated earlier, however, acceptance in the form of registration
may not be universal. Indeed, even within one country where a product has
legal/official acceptance, local or end user restrictions may prevent its
application. This last point is important for those needing to make selections of
biocides in their own operations. It is not possible to predict what impact local
laws or union contracts, for example, may have on biocide usage apart from
efficacy and compatibility.

The user of biocides may have an additional dilemma. In the chapters that
follow, each author has recommended test methods appropriate for the
application. In addition, in the chapter on fuel preservation, the author
recommends systems for readily detecting spoilage organisms and possibly for
evaluating biocides as well. These systems are equally applicable to a number of
other areas, including cooling water, metalworking, and paper and plilp. It is
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Table 1.4 US Consumption of Specialty Biocides by End Use in 1989 (Manufacturer’s Dollars)

End use Millions of dollars Percent of total
Wood preservation 150 18
Swimming pools and spas 150 18
Food and feed preservatives 115 14
Paint 60 7
Disinfectants and sanitizers 60 7
Cosmetics and toiletries 60 7
Plastics 35 4
Paper 35 4
Hospital and medical antiseptics 35 4
Cooling water 30 4
Metalworking fluids 20 2
Petroleum production 20 2
Other® 80 9
Totals 850 100

 Includes latex, adhesives, slurries, pharmaceuticals, and leather (courtesy of Kline and Co.,
Fairfield, NI).

Table 1.5 Estimated US consumption of specialty biocides by chemical class in 1989
(manufacturer’s dollars)

Class Millions of dollars Percent of total
Halogens 210 25
Organosulphurs 130 15
Inorganics 100 12
Nitrogen 70 9
Phenolics 75 9
Quaternaries 70 8
Organometallics 50 6
Miscellaneous 145 16
Totals 830 100

Courtesy of Kline andrCo., Fairfield, NJ.

advisable that selection for a process or product be evaluated on site whenever
possible because of the variables involved in each area. Recently (GAO, 1990)
an accusation or implication that official tests for disinfectants in the USA are
not adequate and may pass ineffective products has heightened interest in end
user application oriented testing. Another aspect involving selection relates to
the benefit/risk quotient. In the USA there is a division of responsibility
involving antimicrobial legal approval. For all claims of efficacy in which
human or animal health is a concern, the Food and Drug Administration (FDA)
must have final say, even when responsibility seems to be shared with the EPA.

The US Food, Drug and Cosmetic Act was amended in 1958 (the Delaney
clause). This made illegal any residues of pesticides in food that caused cancer
at any dose in any animal. This is contrary to the Federal Insecticide, Fungicide
and Rodenticide Act (FIFRA) which allows such residues if they do not pose an
unreasonable risk to consumers. Thus in the USA obeying the EPA could mean
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disobeying the FDA. It now appears that the so-called Delaney clause may be
modified to ensure that the benefits from some pesticide use (e.g. fungicides)
which may exceed the risks from their use could be realized. This interagency
conflict in the USA points up the difficulty in deciding jurisdiction between
different countries with respect to legal acceptance of specific biocides.

Because of the above stated legal problems, introduction of new chemistry
into the biocide arena has been limited. The toxicological and environmental
impact demands not only are variable among jurisdictions worldwide but are all
undergoing reevaluation as concerns become more and more global. This means
that change is the order of the day and readers are advised to consult their
governmental agencies as well as the primary manufacturers of biocides for the
latest word.

1.3 Testing of biocides

Efficacy claims must be based initially on a suitable laboratory test method
followed up when necessary with appropriate field evaluation. The selection of a
test method is extremely critical since product claims and eventual success or
failure are based on such tests. Product failure may have more than economic
overtones; public health may also be involved, such as the case in the chapters
by Banner, Jay, and G. Hill. Development of test methods, then, is an important
area in antimicrobial (i.e. biocide) application.

The test method result should make a statement about the effectiveness of the
product being tested. Indeed, there could be a need for three methods for
expressing efficacy:

(1) for the regulatory agency;
(2) for company marketing;
(3) for ‘realistic’ efficacy determination.

It is not that any of the targets above have less stringent requirements for
efficacy but that their missions differ. These differences can best be explained
with the following examples.

(1) The regulatory agency wishes to qualify a label claim and, therefore, the
use of a pedigreed culture collection organism used as an inoculum with a
known history is most appropriate. This organism may not be as resistant
as naturally-occurring isolates contaminating some related substrate.

(2) Marketing concerns may only require a test involving the major markets
for the agent and probably under average conditions of use.

(3) Realistic efficacy for many tests means challenging with very large
numbers of several microbial types under the most severe environmental
conditions and extended incubation periods. '
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The nature of the test method is very important. No doubt a method could be
devised that no agent could pass and, conversely, one in which either none
would fail or some would selectively fail.

The plethora of proprietary methods fostered by (1) governmentally
sanctioned publications, (2) voluntary consensus standards societies, and (3)
trade associations, as well as some individual corporate specifications, is more
than mute testimony to the protective nature of the test method.

(1) USP, AOAC, APHA, BSI, DGHM, AFNOR
(2) ASTM, ANSI, IBRG, ISO
(3) APIL, CSMA, CTFA, NACE, TAPPI, AATTC, IP

This imposing collection of initials, the decipherings of which are found in
Appendix A, is only an example of similar groups in almost every country in the
world and examples are given at the end of some chapters.

Although not necessarily honoured by all practitioners of governmental
agencies worldwide, the standards and practices of the American Society for
Testing and Materials best reflect concerted efforts from all concerned groups
for realistic test methods. These methods are developed by experts who
voluntarily contribute time. Their professional associations must include equal
representation of producer and users of antimicrobials as well as those with
general interest (government and academia). Acceptance requires approval at
several levels, including the original task group. the appropriate subcommittee
(E35.15, Antimicrobial Control Agents). full committee (E35. Pesticides). and
balloting by the whole society. One negative vote can throw the whole process
back to the start. As a long-time member of E35.15, I have learned to have faith
and respect for the standards we have developed, and I have encouraged all of
the authors in this book to refer to ASTM standards where possible.

ASTM standards are not static and must be reviewed every five years. Thus,
these standards are offered as examples of what is available in the area of
biocide testing and possibly offer the most universally acceptable methodology.
A recent compilation of all ASTM standards for microbiology is available
(ASTM, 1993).

The original intent of this book was to be all inclusive in dealing with
the whole spectrum of processes and materials needing biocidal protection. The
constraints of both time and space were practical considerations in limiting
the choice of subjects. In terms of dollar volume (Table 1.4), we no doubt have
covered the greatest percentage of applications. However, in the areas missing
(see ‘Other’ in Table 1.4), frequently. the biocides used for more popular
applications are also recommended for the ‘other’ areas. The Al in Rohm and
Haas products (Table 1.6) are a case in point. Notice the widespread use of the
same chemistry in very diverse applications. Rohm and Haas is just one
corporate example of maximal utilization of a relatively successful biocide. If
you have a use not specifically covered in this book, you should contact one of
the manufacturers listed for a related use.



spinjj

snneapAy pue pimnjj SUDLIOM[EIOU POSEY-I2EM JO JUIWIRDL) J0,]
spingj sneIpAy

pue spmy JUIOMIRIIW PISEY-1AILA JO JUDWILDI] 10,]
Ansnpur a8e10a0q

puE pPooJ Ul SJUTDLIN] J0A3AUOD PISTEY-10JUM JO UL,
omm uonsalu

Prey 1o uutys {jruaded fsisysem 1me udunrod) 1amo) Jujoon)
S[ELIDIZUL MEL D1IDWIS0D (syIRq 2]qqnq s]o8 Apoq

pue Jrey S12uonIpuod ey puw soodwieys $jo UONTAIISIL]
SIOUdYSAL]
IR SJUBIDRJINS 1SIOUBI[D puey fsaxwa pur saysijod spigowome
1SaXRM PUR SOUSTIOd 2IMIIUINg pue 100} {S1UDJOS LG

s1uogaap Aipuney pue utysemysip pinbiy (jo uoneEAIdsaIL]

oseyd 1atem pue [ang 2IRNSIP Y10G JO JUDWDL PUR UOHRAIISL|

syut Funuud snoonbe 0] aAneAI0SIIL
arownad

pue juied Suipnjout *swoalsAs UOHHSOAIPOID[D JO UOHTAIISIL
siuouodwod pue sjuted xowg
ON{3 MYM PISEQ-Y A JUIWDII JUTO[ DATIPPE 0104010
yined o1A1e pajuowFid syned o1& map Funeos
stawolse[d JowAjod o1[A10n 20AISIYPL UONDINLSUOD

OI[AIOT (DAISIYPE J[1) DRI AL 1JO UOTIRAIISII]

uoneordde pur asn

0CC-LOL

6C1-LOL

912-L0OL

8C1-LOL

veIN

991-L0L
861-L0L
60OC-LOL

61C-LOL

Pel-L0L

1oquuinu
uonenSIZoY

Vdi

OMIA uoiey

MIN 988 uoyey

1D uoyey

LM uoey

DD uoyIey

dO1/D0 uoyieyy
Jdd uogiey]
W:ld uoyiey]

DdH uoyey]

X1 uoyiey

(967 ~xoidde)
QUO-C-UI[OZRIYI0SI-
-1&yzow-g + (956, "xoadde)
QUO-¢-UI|OZBIY)OS]

- [A1PW-g-010[YD)-¢

aueu 1onpodd

JU2IPAIZUL DANDY

JEATWAY 199]9s v Jo Aypnesiaa uoneorddy 9°y srqey,



“pasn se $1onpodd 1Y UL APIdVIY 91 ARNEAI SN K] JeY) SIaSN Pud 241 01 FulLIem B SLIUSWL)S

1y, “Ajpenba pajoatosd oue s1onpoid (e uoneatdde Aue uniim 1Byl S0 SSOUIALIDDJJO 1509/K9v21)J0 [enbo aaey suoneorjdde [[e 1eyy Aus 03 JoU ST SIY],
“apt1ooiq winnoads-prolq e jo uonunojdxa 1asaew jo djduwexa swiid oy Ajqrgodd st seep] put wyoy] ‘doaomop] “Aijiqeotidde prolq de[iuls yim sapioolq
aABY JOU OP s1ainjoujauew 19110 1ey) Ajdwt o) dou $1onpoad Seep] pu Wyoy] Jo JUIUdsIopud oU10ads v ST JURaW JAGIAU ST 9[qe) S1Y) jo uonriuasaid oy,
UonRISuIUPY Jnu¢] pue poo. S oY) Jo uonaipsunl oyl sopun st uoneast3al v ds SN Aq painbarjou = YN ¢

IpIo-Mmop|Iul
2ouyIns © se sjured paseq-1aiem pue JudA{os ut pajelodioou)
}001$ pauury 9[qeIadoA 10Mm pur Yd0ls
paUUR] WOLYD-1am Y2018 Papyatd 19m ul uonIqiyul pinogy
$211qE) POIEaL) JO PAIIPUNE| UT UOHUIADID MAP[IUL JO,f
‘ Spinyy 21[neIpAY pue spingy
Sunpom[BIaW PIseq-Iaem ul swoqosd [pdung 3uneal 1o,

uonearjdde pue os()

001-L0L

YO1-LOL
[TI-LOL

SO01-L0L

~ddquuinu
uonesIsoy
Vdd

8-IN dueLy§

d71 uoyiey
INT uoyey

£68 uoyIEy

uo-¢
-ui[ozZe1y1osI-4-|K190-N-¢

Jweu 1onpoid

JuaIpaIdul 0A1OY

‘Juod 91 JjqeL



10 HANDBOOK OF BIOCIDE AND PRESERVATIVE USE

A rather extensive list of biocides used in the construction industry (Table
1.7, modified from Bravery, 1982) includes many products mentioned later in

Table 1.7 Selected biocides used in construction materials (Bravery, 1982)

Application rate/

concentration
Active chemical (%) Product Source of supply? Application®
Aqueous cresol (cresylic acid) Lysol 1
Alkoxysilane:3(trimethoxy- 0.1 Si-QAC Dow Corning Corp., E
silyl)-propyldimethyl-
octadecyl ammonium chloride
Benzimidazole derivative + 0.5-2 Mergal 592 Hoechst UK Ltd PF
chloracetamide
1.2-Benzisothiazolin-3-one 0.01-0.1 Proxel AB, CRL, HL ICI Organics AO
Benzyl-hemiformals mixture Preventol D2 Baver UK A (liquids)
Bis(trichloromethy] sulphone) Chlorosulphone Tenneco Organics Ltd AO
Chloracetamide + polyglycols +  2-5 Mergal K6 Hoechst UK Ltd El
heterocyclic compounds 0.1-0.3 A
Chloracetamine + quaternary 0.1-0 Mergal AF Hoechst UK Ltd A
ammonium compound +
fluorides
Cresylic acids 2 R
Copper 8 hydroxy-quinolinolate |4
Dichlorophen [2.2"-methylene- 1 free phenol in  Panacide BDH EC
bis(4-chlorophenol)] 1sopropunol
2,3-Dichloro 1.4-naphthoquinone I
Diisocyanate I
Dimethylbenzylammonium Hyamine 3500 Rohm & Haas (UK) IE
chioride Liud
Dimethyl aminomethy! phenol R
3.5-Dimethyl-tetra-hydro Tenneco Organics Ltd AP
1.3.5-2H-thiadiazine-2-thione
Diquat 1-1 ethylene-2.2 ME
dipyridiylium
Dithio 2.2-bis benzmethylamide  0.2-2 Densil P ICI organics A
Dithiocarbamates + 0.05-0.6 Mergal AT30 Hoechst UK Lid AFJ
benzimidazole derivatives
Dodecylamine salicylate 2-5 Nuodex 87 Durham Chemicals El
Fluorinated sulphonamide 0.2 Acticide APA Thor Chemicals Ltd ~ F
Formaldehyde 5 IE
2
Halogenated acid amide 0.1-0.3 Parmetol A23 Sterling Industrial AO
derivatives
halogenated acid amide 0.05-0.3 Parmetol K50 Sterling Industrial (08
derivatives + aldehyde +
heterocyclic compounds
Halogenized acid amide 1.0-3.0 Parmetol DF12 Sterling Industrial [
derivatives + heterocyclic
compounds
Hexaminium salt 0.1-0.3 Preventol DI Bayer UK A
2-Hydroxybiphenyl potassium 3-20 Acticide 50 Thor Chemicals Ltd E
salt
2-Hydroxydiphenyl sodium salt Preventol ON Bayer UK A
5-Hydroxymethoxymethyl Nuosept 95 Durham Chemicals AFO

I-aza-3,7-dioxabicyclo (3,3,0)
octane + other substituted
oxazolidines

Tenneco Organics Ltd



