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Antimicrobial Agents for
Water-Based Metalworking Fluids

H. W. Rossmoore, Ph.D.

Water-based metalworking fluids are excellent envi-
ronments for the growth of a large variety of microorgan-
isms,' 2 causing deterioration of the fluids, corrosion of
work pieces, and physical plugging of flow lines. In addi-
tion the appearance of slime and the generation of foul
odors can be serious concomitant problems affecting
worker sensibilities.

Although bacterial population levels as high as 10%/ml

are not unusual and some species have been isolated that
can be regarded as putative pathogens,® * it is difficult if
not impossible to locate citations directly relating fluid
microbes to an infectious process. Bennett and Wheeler?
did demonstrate that a strain of the typhoid bacillus iso-
lated from the fluid, grown in laboratory medium, and
then inoculated into cutting fluid, not only survived but
gave the investigator typhoid fever. This experiment dem-
onstrated only infectivity and survivability in a laboratory
situation, however; the low levels of typhoid bacillus in
the fluid from the field and the competition from domi-
nant species apparently precluded direct communicabil-
ity.
The dominant bacterial group in metalworking fluids
are Pseudomonas species, omnivorous and capable of
growth under minimal nutritional conditions. Some
members have achieved well-deserved notoriety as
opportunistic pathogens, especially involving no-
socomial superhydrated skin infections.® Their ability to
produce infections in a variety of body sites in immuno-
suppressed individuals is also well known. There have
been numerous reports involving Pseudomonas species in
corneal ulcers® after mechanical intrusion with infected
material, e.g, contaminated contact lens, metal fines.
This latter example may be a mechanism for induction of
corneal ulcers in metal workers exposed to this risk, al-
though no specific references to such infection have been
published.

The purpose of control of microbial populations in
fluids, then, is to protect the fluid and not the worker. The
statutes that regulate the use of antimicrobial agents are
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related to that end, compounds being registered under
the Federal Pesticide Act with the Environmental Protec-
tion Agency (EPA). Currently registration of biocides is a
necessity for legal use. The guidelines’ * ® have changed
several times in the last six years and are supposedly mod-
ified in the direction of maximum safety and minimum
delays in the registration process.

All products must be registered for a specific use and
required a battery of submissions, which included: (a) toxi-
cological profile; (b) environmental impact; and (c) ef-
ficacy in use situations. Currently two trends have devel-
oped in the guidelines: concern over chronic toxicity,” and
the realization that efficacy determination should be left
to the marketplace.®

These rational directions acknowledge different levels
and types of exposures for different users of the same
biocide'® and therefore there may not be uniform toxico-
logical data for each chemical species. This tendency
makes the concerns for specific use registration even
more important, since toxicological requirements for
metalworking fluid permutations may be more severe
than for processes involving process waters where there is
less occupational contact.

All metalworking fluid biocides are by definition eco-
nomic poisons, the term used for chemicals which are
specifically sold for their toxicity. Their utilization in pro-
cesses and materials as preservatives or their treatment of
inanimate surfaces to reduce contamination are the bases
for their declared effectiveness.

The Microbial Problem

The control of microbial populations in metalworking
fluids is related to the type of fluid, the size of the system,
and the particular metalworking operation since both
these and organisms of major interest can vary consider-
ably. Three major groups of organisms have in turn at-
tracted attention in the workplace. These are obligative
anaerobic sulfate reducers, more specifically Desulfovib-
rio desulfuricans; aerobic bacteria, especially Pseudo-
monas species and coliforms; and imperfect fungi, includ-
ing members of the genus Fusarium, Cephalosporium, and
Candida. A more complete list is found in Table 1.

Problems associated with sulfate-reducing bacteria
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Table 1. — Microorganisms Isolated from Water-Based
Metalworking Fluids.' 2
Frequency of Occurrence Growth and

Species in Contaminated Fluids - Survival
Pseudomonas aeruginosa  Very high Excellent
Pseudomonas fluorescens  Low Good
Pseudomonas cepatia Low Good
Pseudomopas stutzeri Low Good
Pseudomonas aicaligenes  Low Good
Pseudomonas pseudomallei Low Fair
Pseudomonas putida Low Good
Aeromonas hydrophilia Low Fair
Proteus mirabilis Moderate Excellent
Proteus vulgaris Low Good
Proteus rettgeri Low Fair
Enterobacter cloacae Moderate Very good
Enterobacter agglomerans  Low Good
Enterobacter gergoviae Low Good
Citrobacter freundii High Very good
Escherichia coli Moderate Good
Klebsiella pneumoniae

(oxytoca) High Very good
Klebsiella 0zaenae Low Good
Serratia liquefaciens Low : Fair
Desulfovibrio sp. Moderate to high Fair to

good

Salmonella sp. Rare Fair
Shigella sp. Rare None
Vibrio Rare None
Achromobacterium sp. Low Poor
Bacillus sp. Low None
Clostridium sp. Rare None
Staphylococcus aureus Rare None
Streptococcus sp. Rare None
Nocardia sp. Low Fair
Candida sp. Low to moderate Good
Fusarium sp. Moderate to high Good
Cephalosporium sp. Moderate Good

have been the most obvious since their growth results in
what has been euphemistically known as “Monday morn-
ing stink.” These organisms are anaerobic and grow at the
bottoms of fluid sumps either in the absence of aeration
or in the absence of circulation near the bottom of large
systems. They can cause anaerobic corrosion, pitting of
concrete, and, perhaps most important of all, hydrogen
sulfide production sufficient to cause extreme worker
dissatisfaction.

Among the aerobes, the Pseudomonas group is the
most prevalent and aggressive nutritionally. They grow on
almost all of the components in water-soluble metal-
working fluid, and their levels have been reported in ex-
cess of 10°/ml in some systems. Undoubtedly they are the
prime causes of fluid deterioration from a chemical
standpoint.

With a shift to chemical solution fluids and in the
presence of some biocides which are more antibacterial

than antifungal, large fungal populations can develop.'"

The dominant group most usually belongs to members of
the genus Fusarium, frequently accompanied by Cephalo-
sporium species. Less frequently but especially in high fat-
ty acid-containing fluids, Candida species are also found.
In attempting to control these diverse populations, there
is the need for either a broad spectrum agent or a combi-
nation of agents. The level at which control is determined
satisfactory, however, is not known.

To say standards for microbial limits in these fluids do
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not exist would be close to the truth; however, most fluid
manufacturers have a feeling for the levels that their par-
ticular fluids can tolerate. These levels may vary depend-
ing upon the particular system in question and the type of
operation. For example, in the formation of two-piece
aluminum cans, bacterial levels must be maintained
much lower than for rough cast iron machining. The
reasons for this are related to the operation. Aluminum
metal forming develops a large amount of suspended
aluminum dust which is removed by fine filtration.
Microbes can also be trapped by this filtration and growth
on the filters can cause filter failure. In addition, it is ex-
tremely important that the aluminum can surface be as
free from deposits as possible to prevent pitting in the
finished product.

Bacterial levels from 10° to above 10’/ml have been ac-
cepted as reasonable for maintaining controls. This figure
applies essentially to the aerobic bacterial population
and does not include either the anaerobic sulfate-
reducing bacteria or the fungi. There is even less agree-
ment on what constitutes their control since the physical
appearance or the organoleptic evaluation of fluids suf-
fering from sulfate reduction (black and sulfurous) and
fungal (musty and slimy) are usually the major factors in
the cry for help.

Selection of Biocides

The use of biocides in metalworking fluids and conse-
quently the worker contact with biocides can be at three
distinct levels'? and, therefore, warnings on corrosivity
and toxicity must take into consideration the dangers of
the most highly concentrated level potentially in contact
with the operator. Traditionally the biocide is used either
by the manufacturing facility directly or is included in the
concentrated metalworking fluid by the formulator. Thus
the three levels are the manufactured biocide (full
strength), the biocide in metalworking fluid concentrates
(usually 10 to 40 times actual use levels), and the level in
use in the metalworking fluid operation (the so-called
working concentration warranteed by the biocide manu-
facturer’s registration).

The most highly concentrated level of biocide is usual-
ly handled the least, but certainly is not without toxicity
since most of these products tend to be highly alkaline
and extremely corrosive. Exposure to products at these
high levels should be controllable with good handling
practices. Thus contact would only be accidental. The
same is true for the levels in the metalworking fluid con-
centrates. The only area where contact is continual and
part of a putative occupational hazard is in the pre-
scribed-use level. Here the biocide is in a diluted metal-
working fluid and the workers can be continually exposed
to fluids in both the liquid and aerosol state.

Concerns over various aspects of toxicity are more
serious in this arena. It is here that interests in chronic and
subacute testing are paramount. However, with the prod-
ucts discussed, many of which have been in use for ten or
more years, there have been no reports of chronic effects.
Perhaps the period of time that has elapsed since their in-
troduction has not been sufficient to make an assessment;
in any event, the new EPA guidelines may require some
chronic test data for re-registration of some of these prod-
ucts. Some manufacturers already have carried out these



tests with no indication that oncogenicity, teratogenicity,
or mutagenicity is a problem.

Use Patterns of Biocides

Both economics and logic suggest that biocides be
used only when needed and in appropriate levels. This
means that additions should be made at the fluid user’s
site in response not only to demonstrated need but also
using a product with a history of success in that fluid
system. )

Logic, however, does not always dictate choice. Many
users have neither the sophistication nor the desire to
monitor the microbiology of their fluids. Thus, for com-
petitive reasons and by request, fluid manufacturers in-
clude biocides in their fluid concentrates. Since the fluids
are diluted when used, but to different, unpredictable
levels, biocide levels are impossible to predict. Thus a
fluid formulator can never be sure of the demands placed
on biocide packages. Biocides behave differently when
diluted. Some gradually lose activity so that microbial
levels may also rise gradually, giving the operator some
warning of impending problems. Other biocides lose ac-
tivity precipitously with dilution. As the biocide is re-
duced in concentration arithmetically, activity is lost ex-
ponentially.

Ideally, biocides should be added tank-side, i.e., by the
operator in response to a demand for need. Currently it is
possible to simply monitor microbial levels with a number
of prepared devices for bacteria and fungi. These are col-
loquially referred to as “dipsticks”.'* '* The operator can
have in his own hands the results of microbial monitoring
within the incubation period rather than within the inde-
terminate period of time that is based on external labora-
tory involvement, which includes sample delivery, test
performance, and result transmission.

In spite of the ease with which it is now possible to
monitor microbial levels, many operators still prefer for-
mulator involvement. Since overdosing with biocide can
be dangerous for the operator and costly for the user, un-
derdosing may be more the rule. In this event tank-side
addition is still needed. There certainly may be some
systems in which the use patterns are so well known that
it is possible to rely solely on incorporated biocide in the
formulator package.

Another factor that limits the use of biocides to time
and place is physical and chemical compatibility of the
biocides with the fluids. Some biocides cannot be com-
pounded at the concentration levels needed for incorpo-
ration in metalworking fluid concentrates. In addition,
some biocides react at the alkaline pH of metalworking
fluids to produce antimicrobial activity and also to self-
destruct (degrade). This makes it impossible to incorpo-
rate the biocides in the cutting fluid concentrates for any
appreciable period of time. These difficulties create a
simple dichotomy for biocide use, those that are re-
stricted to tank-side application and those that can also
be applied by the formulator in the concentrated metal-
working fluid. Also, there are some biocides that are
stable in some but not in all metalworking fluid concen-
trates.

Approved Biocides
The list of biocides currently available for use covers a

large variety of chemical types.'* '* Since the current
statutes for registration cover only the sale of the biocide
as labeled, there is no way to ascertain if biocides or
putative biocides are incorporated by metalworking fluid
formulators in their delivered products. There is a tenden-
cy among some producers to euphemistically refer to bio-
cides as fluid restorers, conditioners, deodorants, or other
terms that imply a rejuvenation of fluids which have un-
dergone some type of disaster. To make any claims for
antimicrobial activity brings with it the requirements for
product registration with the EPA. Many products were
registered under the original Federal Insecticide, Fungi-
cide, and Rodenticide Act (FIFRA) of 1947, which did not
demand such strict efficacy submissions and, therefore,
some products have registrations with less support than
those subsequently filed. However, the EPA has come full
circle by removing the necessity to submit efficacy data
so as to allow the marketplace to judge functional com-
petence.

Table 2 lists the biocides currently prevalent. The most
popular in terms of total sales are compounds known as
formaldehyde condensate products (60% of total sales).
These products are produced by reacting formaldehyde
with one or more substituted alkylamines. The result is a
cyclic, saturated, symmetrical triazine. These products
are practicable in most types of metalworking fluids but
not universally so in concentrates since some may react
in the fluid drums. The presumed mode of action is by
release of formaldehyde during use by hydrolysis of the
original compound. However they are extremely stable at
the alkaline pH of metalworking fluids and no formalde-
hyde release can be detected readily at these pHs.'”
Alkaline stability is also recognized for the simplest for-
maldehyde-amine condensate (formaldehyde-ammonia),
hexamethylene tetramine (HTM). In clinical use for
urinary tract infections, it is administered with an acid
{e.g., mandelic acid) to lower urine pH and facilitate HTM
hydrolysis.

The supposition is that hydrolysis with formaldehyde
release occurs at the cell boundary where the pH is more
favorable.'* The compounds have been in use in metal-
working fluid since the early 1960s in Europe and later in
the decade in the United States and, except for some
spurious reports about strong odors and dermatitis result-
ing from excessive use (beyond and recommended levels),
there are no indications that these products are toxic.
There is a recent reference to a low level of hypersensitiv-
ity in a British group.”®

The potential toxicity of released formaldehyde must
be examined carefully, for example, as a potential car-
cinogen or as a catalyst in nitrosamine formation.?®
However the use of formaldehyde condensate germicides
does not produce nascent formaldehyde in metalworking
fluid environments.

A compound related to the alkylamine formaldehyde
condensates is based on formaldehyde-ammonia conden-
sation. These products are essentially modifications of
hexamethylene-tetramine, which has a long history of
successful use as a urinary tract antiseptic. At least one
product is available based on this structure which has
been modified to improve its activity.?’ One apparent
shortcoming of compounds based on formaldehyde re-
lease is the differential between the antifungal and anti-
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Table 2. — Biocides EPA Registered for Use in Metalworking Fluids.

Doss Range
Trade Name and (% of Formu- EPA

Manufacturer Active Ingredients lated Biocide) Reg. No. Comments

Buckman Laboratories, Inc. Busan 85 0.03-0.2 1448-70 Compatible with most concentrates

Inc. potassium dimethyidithio {exceptions usually oil/water

. carbamate 50% emulsion)

The Dow Chemical Co. Dowicil 75 0.015-0.2 464-403 Not recommended for fluid concen-
1-(3-chloroallyl)-3,4,7- trates, usually added on site;
triaza-1-azoniaadaman-tane chloride hygroscopic powder
(67.5% sodium bicarbonate inert
stabilizer)

Dowicide 1 0.1-0.15 464-70 Compatible with most concentrates;
0-phenylphenol 98%' restrictions on discharge levels of
phenols — inhibits use for many
Dowicide A 0.1-0.15 464-78 Compatible with most concentrates;
sodium O-phenylphenate 97% restrictions on discharge levels of
phenols — inhibits use for many
XD-8254 DBNPA 0.02-0.04 464-500AA Cannot be used in concentrates;
2, 2-dibromo-3-nitrilo- daily unstable in alkaline pH; usually
propionamide 10% added continually — degrades easily

Givaudan Corp. Givgard DXN 0.05-0.02 824-7 Incompatible with most concentrates
B-acetoxy-2, 4-dimethyl-
m-dioxane 100%

IC! United States, Inc. Proxel CRL 0.001-0.06 10182-3 Stable in many concentrates; not
1, 2-benzisothiazolin-3- aggressively being marketed by
one 30-35% manufacturer for metalworking

fluids at this time

IMC Chemical Group, Inc.  Bioban P-1487 0.01-0.3 271-30 Good oil solubility; stable in
4-(2-nitrobutyl)-morpholine 70%; oil/water emulsion concentrates
-4, 4'-(2-ethyl-2-nitrotrimethylene)-
dimorpholine 20%

Tris Nitro

tris (hydroxymethyl) 0.2 aqueous 271-26 Poorly compatible with most concen-
nitromethane; aqueous 0.1 powder 271-18 trates; recommended for tank-side
50%, powder 100% use

Lehn & Fink Grotan HD2 0.1-0.15 10,000-3 Incompatible with concentrates;

Industrial Products, Div. of  2-chloro-N(hydroxymethyl) recommended tank-side; soluble oil

Sterling Drug Inc. acetamide 39%; sodium needs higher dose
tetraborate 41%; potassium
iodide 0.39%

Grotan BK* 0.15 10,000-1 Stable in many concentrates; less
hexahydro-1, 3,5-tris (2- effective vs. fungi at low-dose levels
hydroxyethyl)-s-triazine 78%

Olin Corp. Zinc Omadine 0.0075 1258-840 Not soluble in concentrates
zinc 2-pyridinethiol- 1 powder;
oxide powder 95%; 1258-841
aqueous dispersion 48% aqueous
Sodium Omadine 0.0025-0.015 1258-842 Soluble in most concentrates except
sodium 2-pyridinethiol- powder; with difficulty in oil/water emulsion
1-oxide powder 90%; 1258-843 concentrates; more effective vs.
aqueous solution 40% aqueous fungi and yeasts than bacteria
Triadine-10 0.07 in 1258-990 Used in oil/water emulsion concen-
hexahydro-3,5-tris (2- synthetic fluids; trates with care; compatible with
hydroxyethyl)-s-triazine 0.1 in oil-con- most other concentrates
63.6%; sodium 2-pyri- taining fluids
dinethiol-1-oxide 6.4%

Onyx-Milimaster Onyxide 200 0.15 1839-59 Stable in many concentrates; less
hexahydro-1,3,5-tris (2- effective vs. fungi at low-dose leveis
hydroxyethyl)-5-triazine 78%

Rohm and Haas Co. Kathon 886 MW 0.0025-0.0125 707-129  Stable in some concentrates; not
5-chioro-2-methyl-4- iso- particularly in oil/water emulsion
thiazolin-3-one 8.6%; concentrates — possibly inactivated
2-methyl-4-isothiazolin- by some amines and sulfides
3-one 2.6% .

R. T. Vanderbilt Co. Inc. Vancide TH 0.05-0.1 1965-55 -  Good oil and water solubility;
hexahydro-1,3,5-tri- stable in most concentrates;
ethyl-s-triazine 95% - strong amine odor
Vancide 51 4% in water as 1965-8 Stable in some concentrates but

sodium dimethyldithio-
carbamate 27.6%;
sodium 2-mercaptoben-
zothiazole 2.4%

bactericide;
2% in water as
fungicide

recommended at use-dilution by user

*Product sold as Grotan in the United States




bacterial ranges. Levels that will control bacterial popula-
tions frequently fail to do the same for the fungi, the
results being fungal bloom and slime formation.
Although there has been some speculation about
modes of action and some research,?? there is little defini-
tive information leading to unequivocal consensus. Hy-
drolysis products of the readily degradable compounds,
e.g., dibromonitrilopropionamide, tris (hydroxymethyl) ni-
tromethane, appear to be the active moieties but the
mechanism of action is not defined. In some cases where
the compound or a related analog is used in a health-
related area, e.g, zinc Omadine, extensive pharmacologi-
cal studies have been done.?* ** Zinc Omadine has had a
long history (15 years) of continuous use in a consumer
preparation (Head and Shoulders Shampoo®).

Toxicity of Biocides

There is a question on whether or not biocides are
harmful to workers. Their use as biocides certainly sug-
gests toxicity for some life forms and in concentrated
form (most active levels, as shipped) most are considered
corrosive. Table 3 compares these biocides with two well-
known corrosive agents. A less corrosive compound, tri-
bromosalicylanilide, previously acceptable?® in spite of
being a known photosensitizer, has now irrevocably been
taken off the market?® because of that fact.

Most of the registered cutting fluid biocides satisfy the
EPA guidelines of June 25, 1975, which lists the four basic
tests for acute toxicology as follows: (1) acute oral LD-50;
(2) acute dermal LD-50; (3) acute primary dermal irrita-
tion; and (4) acute primary eye irritation. Although not

Table 3. — Toxicity Comparison of Some Selected Metalworking Fiuid Biocides and Additives.

Product

Oral Toxicity

Eye Contact

Skin Contact

Inhalation

Bioban P-1487

DBNPA
(XD-8259)

Kathon 886 MW

Sodium
hydroxide

Sulfuric acid

Acute oral LD, (rats)=
310-455 mg/kg body wt.

Oral ingestion is accom-
panied by inflammation of
the intestinal tract and
labored respiration

Acute oral LD 4, (rats)=
126 mg/kg body wt.

Data indicate that ingestion
of relatively small amounts
may be capable of causing
serious illness

Acute oral LDy, (rats)=
457 (382-580) mg/kg
body wt.

Ingestion may result in
marked irritation of the
stomach and small in-
testine

Ingestion either in the solid
or the liquid form causes
very serious damage to the
mucous membranes or
other tissues with which
contact is made. Ingestion
may cause death or perma-
nent injury after short ex-
posure to small quantities

Ingestion causes burns of
the mucous membrane of
the throat, esophagus, and
stomach. May cause se-
vere injury or death

Undiluted product is highly
irritating to the eyes on
prolonged contact

Tests on laboratory
animals indicate that this
product damages the eyes
seriously encugh to cause
permanent impairment or
loss of vision. Flushing the
eyes with water is not ex-
pected to be of much help
in preventing vision im-
pairment

Product is corrosive as
supplied. Direct eye con-
tact with liquid will cause
severe irritation and cor-
neal injury

Contact with the eyes,
either in solid or solution
form, rapidly causes se-
vere damage to the deli-
cate tissue

Contact with eyes very
rapidly causes severe
damage which may be fol-
lowed by total loss of sight

Undiluted product is highly
irritating to the skin on
prolonged contact

Prolonged or frequently re-
peated skin exposures, es-
pecially if confined to the
skin (as by clothing) may
result in marked irritation
or even a burn. DBNPA is
also a human skin sen-
sitizer

Product is corrosive as
supplied. No primary skin
irritation resulted in 18
humans subject to 25 ppm
active ingredient in a
repeated insult patch test.
Contact sensitization was
induced in 1/18 subjects

This material, both in solid
and solution form, has a
markedly corrosive action
on all body tissue. Its cor-
rosive action on tissue
causes burns and fre-
quently deep ulceration
with ultimate scarring.
Prolonged contact with di-
lute solutions has a de-
structive effect on tissue.
It can cause an irritant der-
matitis

Concentrated solutions are
rapidly destructive to any
body tissues with which
they come in contact. Re-
peated or prolonged con-
tact with dilute solutions
can cause a dermatitis.
Sensitivity varies with in-
dividuals

Bioban P-1487 is a high-
boiling liquid with low
vapor pressure at ambient
temperature. Avoid breath-
ing mists or vapors at ele-
vated temperature

Inhalation is not con-
sidered to be a problem
due to the extremely low
volatility of the proplylene

glycol. However, if the
product is overdosed, es-
pecially in high pH

systems, some lachryma-
tory effects can occur

Inhalation of spray mists
and aerosols may cause ir-
ritation of mucous mem-
branes of the nose and
throat

Mists, vapors, and dusts
cause small burns. Inhala-
tion of the dust or concen-
trated mist can cause dam-
age to the upper respira-
tory tract and to lung tis-
sue. Effects of inhalation
may vary from mild irrita-
tion of the mucous mem-
branes o a severe pneu-
monitis

Inhalation of concentrated
vapor or mists from hot
acid can cause rapid loss
of consciousness with
serious damage to lung
tissue. Repeated or pro-
longed inhalation of a mist
can cause an inflammation
of the upper respiratory
tract leading to chronic
bronchitis
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specifically required, many manufacturers also have sub-
mitted data on a number of conditional tests, such as
acute inhalation LC-50 and subacute dermal. Table 4
gives a more complete listing of toxicological data, where

available, on registered compounds. Some of the data
relate to the concentrated products, some to the 100%
pure material, and others relate to the reaction to use
concentrations. Most of the information has been ex-

Table 4. — Acute Toxicology Profiles on Metalworking Fluid Biocides. "

Acute Acute Acute Primary Acute Primary Acute
Trade Name Oral LD, Dermal LD,, Dermal Irritation Eye Irritation Inhalation LC,,
Dowicil 75 Rat Rabbit Rabbit Rabbit Rat
1190 mgm/kg 1/4 dead; 3/4 No respanse from 1/6 slight corneal No effect; 9.33
body wt. normal; 2000 powder necrosis 72 hrs, mgm dust/L air
mgm/kg post
Dowicide 1 Rabbit Not absorbed Rabbit Rabbit N.A.
Dowicide A 71000 mgm/kg thru skin; Concentrate Avoid contact;
LDg N.A. non-irritating eye irritant
XD-8254 Rat Not absorbed thru Repeated exposure  Serious hazard; Rat
DBNPA 126 mg/kg of skin in toxic can be irritating high doses at Normally not an
acive material levels high pH inhalation problem
Lachrymator
Givgard DXN Rat N.A. Human Rabbit Rat
2000 mg/kg 1% non-irritating 1% draize Vapor sat. 0.1%
. negative no visible toxicity
Proxel CRL 1100 mgm/kg > 1 gm/kg > 0.1% may be Draize avg. 65 N.A.
irritant
Bioban P-1487 Rat Rabbit Rabbit Rabbit Avold breathing
380 mg/kg 1100 mgm/kg 2-5% in petrolatum 0.1 ml concen, mists
absorbed skin 1.1-1.5 rating mild  corneal damage;
24-hr. exposure irritant 2% — Draize 0
(concen. ysed) 5% — Draize 40/110
Tris Nitro Rat Mouse Rabbit Rabbit N.A,
995 mgm/kg 1850 mgm/kg Non-irritating at Non-irritating
(100% material) 1% 50-100%
Grotan HD2 Rat > 2000 mgm/kg Slight jeritation on Mild to moderate N.A,
>5000 mgm/kg intact and abraded  Irritation for
skin; gone in 72 hrs, 7 days
Grotan BKt Rat N.A. Rabbit Rabbit N.A.
580 mgm/kg Index 1.25 (lowest) Transient
irritation; gone
96 hrs. post
Zinc Omadine Rat Rabbit Rabbit Rabbit N.A.
200 mgm/kg Nothing 2% 2% not irritating 2%
(based on 100%) 4-10 gm/kg no irritation
Sodium Omadine 1100 mg/kg 40%; 6.4 mi/kgm  Rabbit Rabbit N.A.
(based on 100%) 2,500 mg/kgm irritation at 40% 1-40% non-
: irritation at 10% irritating; mild
Triadine 10 Rat Rabbit Concentrate is Concentrate is severe LGy > 7.44
734 mgm/kg 854 mg/kg severe irritant irritant, Immediate mg/L1 hr, this is
water wash prevents  satur. concent.
Onyxide 200 Rat Rabbit N.A. Rabbit Guinea Pig
860 mgm/kg No deaths at Concen. irritant; Exposure to
max. dose; H.0 wash pre- 1.5% in 3%
3.5 gm/kg vents if immediate cutting fluid for
24-hr. exposure 8 hrs.. § days,
4.wks. — negative
Kathon 886 MW 457 mgm/kg Rabbit See Table 3 See Table 3 Rat
950 mgm/kg 1.5-2 mg/L 4 hr.
Vancida TH Rat Rabbit Rabbit frritant Rat
280 mg/kg 499 mgm/kg 0.1 and 1.0% for 2660 mg/M3/hr.
24 hrs. — slight
jrritation, abraded
skin
Vancide 51 Rat N.A. Irritation human- Avoid contact Avoid breathing mist

3120 mgm/kg

nagative

with ayes
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*The information in Table 4 was extracted from product data sheets provided by manufacturers. Some data were received in addition from company
personngl. Lack of availability of data on this table (N.A. or animal specias missing) should not imply its otal unavailability. See Table 5 for ad-

dress of manufacturers from whom further information may be obtained

fProduyct sold as Grotan in the United States







