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INTRODUCTION

Household cleaners are some of the most widely purchased consumer products. In 1991
sales of household cleaners were more than $1.6 billion in the United States. Nearly a billion units
of these products were sold that year. [Information Resources (1992)].

Other than plastic and synthetic fibers materials, there is probably not another class of
chemical products that people come into contact with more frequently. We buy them in grocery
stores, store them in our homes, use them where we eat, sleep, bathe, and work, and dispose of
them down the drain after use. While the volume of household cleaners used may be less than
other chemical products with more serious impacts on the environment, everyone can have a
positive impact on the environment by purchasing household cleaners with superior environmental
attributes.

The class of productsis extremely diverse, ranging from general purpose cleaners, some of
which are advertised for virtually any cleaning job, including the family dog, to speciaized
cleaners, such as glass cleaners or tub and tile cleaners. The ingredients found in this class of
products are also diverse, ranging from simple soap to proprietary formulations of petrochemical
surfactants, solvents, and complexing agents.

Manufacturers of household cleaners have aways had to keep three sometimes conflicting
goalsin mind: the performance of the product, the safety of the ingredients for users, and the
costs of the ingredients. Recently, due to consumer demands, reducing impacts upon the
environment has been added as afourth goal. Given the diversity of the cleaners, the number of
ingredients, and the difficulty in understanding the entire life cycle of multi-ingredient
formulations, it is not surprising that different manufacturers have different definitions of "green"
for household cleaners.

The University of Tennessee Center for Clean Products and Clean Technologies was
contracted by Green Seal to evaluate household cleaners for certification. In doing so, we utilized
in-house engineering and environmental assessment expertise and enlisted the assistance of two
subcontractors who have been collecting information on the health and environmental impacts of
household products for several years.

Thisreport isfirst asurvey of the broad class of household cleanersto gain an
understanding of their uses and ingredients. Part 1 of the report briefly discusses several
subclasses of household cleaners, including general purpose cleaners, disinfectants, scouring
cleansers, glass cleaners, carpet/upholstery cleaners, spot/stain removers, toilet bow! cleaners, and
automatic toilet cleaners (inserts). Over 200 specific products were surveyed by obtaining as
much information on ingredients and packaging as was avail able from manufacturers and
published sources.



Second, we have selected a subclass, Genera Purpose Household Cleaners, for evaluation
of life-cycle health and environmental impacts. This evaluation is not a quantitative life cycle
assessment (LCA) as that term has evolved through the efforts of the Society for Environmental
Toxicology and Chemistry (SETAC), the U.S. Environmental Protection Agency (EPA), and
others. The limits of resources and time for the evaluation did not permit the data gathering that
would have been necessary for an LCA of the various types and ingredients of General Purpose
Cleaners.

Finally, we have proposed standards for certification of Genera Purpose Household
Cleaners based upon the evaluation. The basic approach for the development of these standards
was to identify the most significant areas of impact throughout the life cycle of the products, their
ingredients, and their packaging, and to address these with the standards. In proposing the
standards in Part 3 of the report, we are not saying that products that do not meet the standards
are serioudy harming the environment. We are attempting to define a truly environmentally
superior product, taking into account each phase of the product life cycle.



PART 1:
SURVEY OF HOUSEHOLD CLEANERS

1.1 CLASSIFICATION OF HOUSEHOLD CLEANERSFOR EVALUATION

The first step in the process of evaluating household cleaners was to break the broad class
of household cleaners into subclasses for further evaluation. It was recognized from the beginning
that not all subclasses would be evaluated for potential certification at thistime. Laundry
detergents will be considered as a separate class for later evaluation. Also, some subclasses were
excluded from the scope of this evaluation from the beginning, including drain cleaners, oven
cleaners, laundry and dishwashing detergents, and automotive cleaners. These were not excluded
because their environmental impacts do not warrant consideration, but because their particular
uses or ingredient categories were not sufficiently similar to the genera class of household
Ccleaners.

Household cleaners were divided into subclasses by uses and by major ingredients. In
order to select subclasses for further evaluation, use classifications were chosen, since these are
the most relevant to consumer selection. Use classifications are somewhat arbitrary, however,
since many products may be sold for avariety of uses. Whenever possible, the manufacturers use
classifications were employed.

In order to classify products by ingredients, information on specific products was
requested directly from manufacturers. Additional general information on types of ingredients
used in the industry was obtained from manufacturers associations, trade publications, and books.
The products surveyed in this study can be considered as representative but not complete. The
products surveyed include most national brands but not "house brand" labels. An attempt to
survey a good representation of products marketed as "green” as well as products not so
marketed.

1.1.1 Classification by Product Use

The products surveyed included arange of general purpose cleaners, as well as some
cleaners for specific purposes, such as glass cleaners, toilet bowl cleaners, carpet cleaners, and
spot removers. A few types of cleaners were broken out into subgroups. Scouring cleansers
were kept separate from bathroom cleaners, for example. Toilet bowl! cleaners were divided into
manual and automatic cleaners, since their use and formulations are quite different, but these
categories could be combined if desired.

In any classification scheme, some products do not fall negtly into a single category.

There was some debate as to whether or not disinfectants and disinfecting cleaners should be
considered a separate category, since disinfecting cleaners are registered pesticides, and thus their
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function goes beyond normal cleaning. The final solution was to categorize these products strictly

according to use. Thus, general purpose and bathroom cleaners which are aso registered
disinfectants are categorized with general purpose or bathroom cleaners. Disinfectants or
germicides, which are not considered cleaners, however, are listed in a separate category.

The use classification scheme selected is shown in Table 1. Table 1 includes aworking
definition of the products included and examples of specific types of products which meet the

definition.
TABLE 1: CLASSIFICATION OF HOUSEHOLD CLEANERSBY PRODUCT USE
Product Use Category Definition Examples
General Purpose Surface cleaners labeled as multi- Multi-purpose spray cleaners, floor or

Bathroom Cleaners

Disinfectants (excluding disinfecting
cleaners)
Scouring Cleansers

Glass Cleaners

Carpet/Upholstery Cleaners

Spot/Stain Removers

Toilet Bowl Cleaners

Automatic Toilet Cleaners

purpose, or clearly intended for usein
avariety of applications in the home.

Cleaners intended primarily for use on
bathroom surfaces, labeled as
bathroom cleaners, or which mention
specific bathroom surfaces.

Products which claim to disinfect
surfaces but not necessarily to clean.

Surface cleaners combining an
abrasive.

Cleaners specifically for glass.

Cleaners specifically designed for use
on fabrics which cannot be removed
for laundering or drycleaning.

Products designed to remove spots,
excluding bleaches.

Products designed specifically to clean
the toilet bowl and which have no
intended other use.

Products which are placed in the toilet
tank and which drip or dissolve,
providing continuous cleaning of the
bowl.

wall cleaners, disinfecting cleaners,
cleaner-degreasers, concentrated
cleaners.

Tub and tile cleaners, mildew stain
removers, shower cleaners,
disinfecting bathroom cleaners.

Liquid, spray, or concentrated
germicides

Scouring powders, scouring pastes or
liquids.

Pump spray, aerosol, or liquid glass
cleaners.

Liquids, foams, or dry powders,
including products for use in rental
machines.

Cleaning fluids, stain sticks, enzyme
spot removers.

Liquid or crystal acid-based cleaners,
detergent cleaners.

Blocks, tablets, controlled release
bottles.

1.1.2 Classification by Ingredients

Ingredient information was obtained for more than 200 specific products in order to
classify products by ingredients and to evaluate specific product subclasses. Since several
manufacturers sent ingredient information under arequest of confidentiality, this report does not
contain the listing of specific ingredients for specific brands of products.
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There are five general types of ingredients found in household cleaners:

I surfactants

I builders

I solvents

I antimicrobials
I miscellaneous

Surfactants, or surface active ingredients, are the wetting and foaming agents which form
the basis for most agueous cleaners. Anionic, nonionic, and amphoteric surfactants are used
mainly for cleaning. Cationic surfactants are often used as antimicrobials.

Builders include arange of both organic and inorganic chemicals whose function isto
improve the performance of the surfactants. Builders are used to adjust or maintain the pH of the
washing solution; soften water by removing calcium and other metal ions; and boost, reduce, or
maintain foam height.

Solvents are added to help dissolve oil and grease. Antimicrobials are pesticides which kil
bacteria, fungus, or mildew on surfaces. Sometimes the same materials are used in smaller
amounts as preservatives.

All other ingredients have been placed in the category called miscellaneous. This category
includes abrasives, fragrances, dyes, thickeners, hydrotopes (substances which keep a mixture
from separating), preservatives, and anything else. Substances whose precise function was
unknown were aso placed under miscellaneous.

A completelist of al ingredients found in the specific products surveyed is shown in Table
2. Alternative chemical names for identical or closely related ingredients are listed in parentheses
following the most commonly used name. The functional classification below is rather general,
and the function of a given ingredient is not necessarily the same in every product.



TABLE 2A: SURFACTANTS FOUND IN HOUSEHOLD CLEANERS SURVEYED

Anionic Surfactants
Linear alkylbenzene sulfonate (sodium dodecylbenzene sulfonate, dodecylbenzene
sulfonate, sodium laurylbenzene sulfonate)
alpha sulfo methyl ester (alpha sulfo acid ester)
akyl polyglucoside (alkyl polyglycoside)
alcohoal sulfates (lauryl sulfates)
alcohol ether sulfates (lauryl ether sulfates, laureth sulfates)
lauryl sarcosinate

soap

Nonionic Surfactants
alcohal ethoxylates (linear alcohol ethoxylates, primary alcohol ethoxylates,
ethoxylated alcohols, alcohol polyethylene glycol ethers)
coconut-based surfactant, unspecified (probably nonionic)
lauryl amine oxide
nonylphenol ethoxylates
octylphenal ethoxylates
coconut diethanolamide (cocoamide DEA)

Cationic Surfactants
dialkyl dimethyl ammonium chlorides (alkyl can include octyl, decyl, dodecyl)
akyl dimethyl benzyl ammonium chlorides
alkyl dimethyl ethylbenzyl ammonium chlorides
hexadecy! trimethyl ammonium bromide
quaternary ammonium chlorides, unspecified

Amphoteric Surfactants
unspecified amphoteric surfactants

TABLE 2B: BUILDERS FOUND IN HOUSEHOLD CLEANER SURVEYED

acetic acid sodium metasilicate sodium sesquicarbonate
calcium carbonate potassium hydroxide sodium silicate

calcium chlorate sodium bicarbonate sodium sulfate

calcium chloride sodium bisulfate sodium tripolyphosphate
calcium hydroxide sodium carbonate tetrapotassium pyrophosphate
citric acid sodium chloride triethanolamine
diethanolamine sodium citrate trisodium phosphate
monoethanolamine sodium EDTA (tetrasodium EDTA)

potassium hydroxide sodium hydroxide

potassium silicate




TABLE 2C: SOLVENTS FOUND IN HOUSEHOLD CLEANERS SURVEYED

acetone

amond oil

ammonia (ammonium hydroxide)

apricot kernel oil

t-butyl alcohol

1,2-butylene oxide

citronella oil

citrus ail (d-limonene, orange
oil,lime oil)

diethylene glycol monobutyl ether
(2-2-butoxyethoxy) ethanol, butyl
diglycol

dimethoxymethane

dipropylene glycol methyl ether

ethanol

ethylene glycol ether, unspecified

ethylene glycol ethyl ether

ethylene glycol monobutyl ether (2-
butoxyethanol)

eucalyptus ail

glycerine (1,2,3-propanetriol)

glycol ethers, unspecified

hexylene glycol

isopropanol

lavender ail

mineral oil

naphtha (petroleum distillates)

peppermint oil

pine oil (pinene)

propylene glycol

propylene glycol ethers

propylene glycol methyl ether (1-
methoxy-2-propanol)

rosemary oil

toluene

1,1,1-trichloroethane

xylene

TABLE 2D: ANTIMICROBIALS FOUND IN HOUSEHOLD CLEANERS SURVEYED

calcium hypochlorite

dialkyl dimethyl anmonium
chlorides (alkyl can include octyl,
decyl, didecyl)

alkyl dimethyl benzyl ammonium
chlorides

alkyl dimethyl ethylbenzyl ammonium

chlorides
calcium hypochlorite
glutaraldehyde

phenol, o-benzyl-p-chloro
phenol, o-phenyl

sodium dichloro-s-triazinetrione
sodium hypochlorite

sodium trichloro-s-triazinetrione

TABLE 2E: MISCELLANEOUS INGREDIENTS FOUND IN HOUSEHOLD CLEANERS SURVEYED

aoevera

carbon dioxide (propellant)

chalk

1-(3-chloroallyl)-3,5,7-triaza-1-
azoniaadamantane chloride
(Dowicil 75, Quaternium 15)

clay

denatonium benzoate (Bitrex)

enzyme, amylase

enzyme, proteinase

extract of berberis

extract of marigold

feldspar

fluoraliphatic acid salt
hydrochloric acid
hydroxyacetic acid
isobutane

magnesium oxide
methylparaben

methyl salicylate

oxalic acid

phenol, o-benzyl-p-chloro
phenylmethanol (phenylcarbinol)
phosphoric acid

propane

propylparaben

silica, amorphous

silica, crystalline

sodium cumene sulfonate
sodium naphthalene sulfonate
sodium octane sulfonate
sodium perborate (borax)
sodium xylene sulfonate
styrene maleic anhydride resin
sulfamic acid

urea

witch hazel

xanthan gum




1.1.3 Typical Ingredients|n Each Use Classification

1.1.31 General Purpose Cleaners

The variety of soils encountered by general purpose cleaners can be characterized as ails,
fats, waxes, food residues, dyestuffs and tannins, silicates, carbonates (limestone), oxides (sand,
rust), soot, and humus. The ingredients commonly found in general purpose cleaners are
surfactants, complexing agents and akaline salts (builders), organic polymers, solvents, viscosity
regulators, pH buffers, anti-microbials, hydrotropes, dyes, and fragrances. [Coons (1987)].

One can group the general purpose cleanersinto five groups. powders, akaline liquid
cleaners, disinfecting cleaners, spray cleaners, and cleaner/degreasers. The vast mgjority of the
general purpose cleaners surveyed were liquids. Liquids which are dispensed from trigger spray
bottles are used full-strength, while other liquids are often diluted with water before using.

Table 3 shows typical ingredients for each of group General Purpose Cleaners. Genera
Purpose Cleaners are discussed in detail in Part 2 of this report.

TABLE 3: TYPES OF GENERAL PURPOSE HOUSEHOLD CLEANERS AND
TYPICAL INGREDIENTS

Typel: Powdered cleaners

Typica ingredients: anionic or nonionic surfactants, sodium carbonate, sodium silicates or
metasilicates, phosphates or aluminosilicates

Typell: Weakly akaline liquids

Typicd ingredients: anionic or nonionic surfactants, alcohols, glycols, glycol ethers, citrates,
sodium EDTA, citrus ail, pine oil, or other essential oils, sodium hydroxide, amines, dyes,
fragrances, preservatives

Type lll: Disinfecting Cleaners

Typicd ingredients: similar to Type I1, but with the addition of quaternary ammonium
compounds, sodium hypochlorite, pine oil, or phenolics

Type IV: Multi-purpose Spray Cleaners

Typical ingredients; same as Type Il above, but with glycol ethers and a cohols almost universal
Type V: Cleaner/degreasers

Typica ingredients: nonionic surfactants, citrus oil or d-limonene




1.1.3.2 Bathroom Cleaners

According to Coons et al. bathroom floor and wall cleaners encounter, in addition to the
usual "normal inorganic and organic soil, such as dust, sand, street dirt, oil, and fat,” some
"specific wash room contaminants such as calcium and rust deposits from the water, metal
corrosion products, soaps and lime soaps, hair and fibers' [Coons (1987)]. For cleaning
bathroom floors and walls, "a weakly akaline all-purpose cleaner” similar to those described
above for general purpose cleanersistypical, though for bathroom cleaners, the presence of
disinfectant chemicals is perhaps more common. We categorized as bathroom cleaners only those
products explicitly labeled as such or which specifically mentioned particular bathroom surfaces
prominently on the label. In some cases the classification between bathroom and genera purpose
was not easy to make. In arecent series of tests, Consumer Reports tested bathroom cleaners and
genera purpose cleaners on bathroom soil and found that many general purpose cleaners worked
aswell as or better than bathroom cleaners. [Consumer Reports (1991b)].

Many bathroom cleaners are acidic in order to remove water deposits such as minerals and
rust. Two examples of surfactant solutions with a phosphoric acid content as given by Coons are
shown in Table 4. [Coons (1987)].

TABLE 4. GENERAL FORMULATIONS FOR ACID HARD
SURFACE BATHROOM CLEANERS

Ingredients Cleaner 1 Cleaner 2
% %

phosphoric acids 20-50 20-50

nonylphenol polyethylene glycol ethers 4-8

linear alkylbenzene sulfonate 1-2

C,.11-(ox0)a cohol polyethylene glycol ethers 2-10

xanthane 05-1

water balance balance

For cleaning bathtubs and tile showers, acid cleaners are not suitable because they can
damage enamel finishes. More suitable are general-purpose cleaners or scouring powders.
Special tub and tile cleaners, however, offer extraingredients to aid in the removal of soap, lime
soap, and fatty deposits. Typica are a"combination of surfactants, complex chelating agents,
solvents (ethanal, isopropanol, or glycol ethers), fragrances, and antimicrobial additives. Typical
formulations for atrigger spray and an aerosol foam tub cleaner as given by Coons are shown in
Table 5. [Coons (1987)].



TABLE 5. GENERAL FORMULATIONS FOR BATHTUB CLEANERS

Ingredients Cleaner 1 Cleaner 2
% %
fatty alcohol sulfates 2-6
aphaolefin sulfonates 2-6
fatty acid alkanol amides 2-4
2-butoxyethanol 2-8
isopropanol 10-15
sodium EDTA 1-5 2-4
fragrances 0.2-04 0.2-0.6
propane/butane propellants 5-15
water balance balance

Most specific brands of bathroom cleaners surveyed were aqueous surfactant-based
mixtures. All of the products identified were liquids. Besides the surfactants, other ingredients
include builders, solvents, and dyes or fragrances. The products generally could be categorized as
above into either alkaline or acid-type products. Acid-type products contained either phosphoric
acid, acetic acid (often vinegar) or citric acid. Alkaline products contained either sodium
hydroxide or other alkaline salts, such as sodium carbonate, sodium bicarbonate, or sodium
metasilicate. The two types found in our survey are characterized in Table 6.

TABLE 6: TYPES OF BATHROOM CLEANERS AND TYPICAL INGREDIENTS

Typel: Acidic cleaners

Typicd ingredients: acids (phosphoric,
citric, hydroxyacetic), anionic or nonionic
surfactants, glycol ethers, alcohals, citrates,
sodium EDTA

Typell: Alkdine cleaners

Typicd ingredients: sodium carbonate,
sodium hydroxide, sodium hypochlorite,
anionic or nonionic surfactants, glycol

ethers, alcohols, citrates, sodium EDTA

Antimicrobial ingredients were found in a number of products. Aswas the case with
general purpose cleaners, quaternary ammonium compounds were most common. Also found
were sodium hypochlorite and phenolic derivatives. Pine il cleaners were generally classified as

10



general purpose rather than as bathroom cleaners, athough they could certainly be used in the
bathroom as well.

Most of the alkaline type products surveyed contained solvents in agreement with the
general formulas from the literature. Most common in major brand trigger spray cleaners was
ethylene glycol ether, although some other glycol mono-n-butyl ethers such as diethylene glycol
butyl ether and propylene glycol ethers were al'so found. Pine ail, both a solvent and a
disinfectant, was al'so found. Alcohols, such as ethanol or isopropanol, were frequently paired
with the glycol ethers. Sequestering agents such as sodium EDTA and sodium citrate were listed
in some products. Products intended to remove mildew usually contain sodium hypochlorite.
None of the akaline products in our survey contained phosphates.

1.1.3.3 Disinfectants

Disinfectants are products whose major function isto kill bacteria on a surface, but which
are not necessarily formulated to remove dirt, stains, or other soils. Thus, these products are to
be distinguished from disinfecting cleaners of the types considered earlier under either general
purpose or bathroom cleaners.

All but one of the disinfectant products surveyed were liquids. One was an aerosol. Some
of the liquids are meant to be diluted before use. Three of the products surveyed contain
phenolics as active disinfecting ingredients. The other three products in this group contain
guaternary ammonium compounds of various description. One spray product contained 70%
ethanol. Other products contained much smaller amounts.

It should be noted here that many people use ordinary household chlorine bleach as a
disinfectant, mildew remover, and stain remover. Thus any household chlorine bleaches could be
considered in this category as well.

1.1.34 Scouring Cleansers
Scouring cleansers are those which contain abrasives to assist mechanically in the cleaning
process. Originally, abrasive cleaners were powders. Today, however, there are also thick liquids

and pastes. The types of ingredients found in abrasive cleaners as given by Coons are shown in
Table7. [Coons (1987)].
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TABLE 7: GENERAL FORMULATIONS FOR SCOURING CLEANERS

Ingredients (%) Powder Liquid
anionic surfactants 1-5 0-10
nonionic surfactants 0-2 0-2
organic polymers 01 05
sequestering agents 0-2 0-10
akaline salts/bases 0.5-2 0-10
abrasives balance 20-60
solvents 0 0-5
bleaching agents 0-2

preservatives 0-0.2
skin protection additives 0-2
viscosity regulators 0-2
pH regulatorg/buffers 05
hydrotropes 05
dyestuffs/fragrance 0.05-1 0.05-1
water balance

The physical form of the specific brands of scouring cleaners we surveyed includes the
traditional powders as well as the newer pastes or thick liquids. The single factor which these
products have in common is an abrasive. The abrasive materials varied from crystalline silica and
amorphous silicato feldspar, clay, and chalk. The most common builder (also providing some
abrasion) was sodium carbonate. Surfactants specifically mentioned included LAS, tallow soap,
and alcohol ethoxylates.

Many of the products surveyed contain chlorine bleach in the form of chlorinated triazine
compounds. Those products are sometimes classified as pesticides and sometimes not. It
depends upon whether or not the manufacturer has decided to make disinfectant claims. Severa
products contained oxalic acid. None of the products contained phosphates as a listed ingredient.

1.1.35 Glass Cleaners
Gossdlin givestypica formulas for glass cleaners. After water, the main ingredients are
alcohols and glycol ethers, with surfactants being a very small part of the mixture. The genera

formula which most closely matches most of the products we found is shown in Table 8.
[Gosselin (1984)].
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TABLE 8 TYPICAL FORMULA FOR GLASS CLEANER

Ingredients %
butoxy ethanol 3-5%
alcohal 0-15%
wetting agent (surfactant) 0.5-1%
dyes trace
silicone trace
water balance

Most of the specific brands of glass cleaners we surveyed were liquids dispensed from
pump spray bottles. A few were aerosols, propelled by means of propane or other flammable
hydrocarbon. A third type of product is a premoistened towelette. There was remarkably little
variation between the listed ingredients in the glass cleaners we investigated.

The major ingredient in liquid glass cleanersiswater. Almost all of the glass cleaners
contained glycol ethers, usually ethylene glycol monobutyl ether. Alcohol, such as isopropanal,
was also commonly found, as was ammonia. A few products contained vinegar or lemon juice as
an alternative to ammonia, however, it isimportant to note that these products may still contain
glycol ethers. One product contained acetone as a solvent.

Aerosol formulations were similar except for the inclusion of a propellant gas, usually
propane or isobutane. For the towelettes, the liquid used to moisten them was similar in
composition to the usual glass cleaners.

Ingredients found in products making "green” claims included coconut-based surfactants,
ethanol, propylene glycol ethers, citrus oil, lemon juice, vinegar, and various plant extracts.

It isinteresting to note that in arecent review of glass cleaners, Consumer Reports found
that plain water worked as well as half of the products tested. In addition, the most effective
cleaner for oily fingerprints was lemon juice and water. [Consumer Reports (1992)].

1.1.3.6 Carpet/Upholstery Cleaners

Carpet cleaners that can be used by consumers without special equipment fall into two
general categories. liquid shampoos or powders. Both types of carpet cleaners generally can also
be used on upholstered furniture, though the shampoos would be easier to use. The important
characteristic in carpet and upholstery cleaning is that the material being cleaned cannot be rinsed.
Shampoos work by generating copious amounts of foam which lifts soil and holdsit for
vacuuming. The liquid foams contain surfactant mixtures designed for high foaming, foam
stabilizers, and usually resins to harden the residues for easy vacuuming.

Preferred surfactants are sodium or lithium salts of dodecy! sulfate, apha-olefin sulfonates,

13



alkali sats of fatty acid monoethanolamide sulfo succinic acid half-esters, and fatty acohol
polyethyleneglycol ether carboxylic acids [Coons (1987)]. Davidsohn and Milwidsky state that the
most effective surfactants are half esters of sodium sulfosuccinates used alone or with fatty
alcohol sulfates [Davidsohn (1987)]. Foam stabilizers can be fatty acid ethanolamides or long-
chain fatty alcohols. The hardening resins are usualy styrene maleic resins. These products may
also contain acohols such as ethanol and isopropanol and glycol ethers such as ethylene glycol
monobutyl ether.

Powder cleaners consist of porous carrier materials of large surface area, such as pellets or
granules, saturated with surfactants and solvents. The materia is spread on the carpet and
worked in by brush or machine. After a short drying time, the residue can be vacuumed up
together with the soil which has been removed. Carriers for dry cleaners include wood flour,
cellulose, polyurethane foam flour, urea/formaldehyde foam flour, diatomaceous earth, or zeolite
powder. Surfactants can be similar to those used in liquid foam cleaners, and typically acohals,
glycol ethers, liquid hydrocarbon or chlorinated hydrocarbon solvents are also present.

Shampoos are available in both liquid and aerosol foam formulations. In our survey of
specific brands of shampoo-type cleaners, lauryl sulfate and alpha olefin sulfonate as surfactants
were found. Additional cleaning solventsincluded ethylene glycol monobutyl ether and ammonia
Several products contained styrene maleic resins.

One brand of dry carpet cleaner was rated most effective by Consumer Reports. This
product contains aliphatic hydrocarbons as a solvent [Consumer Reports (1991d)]. Formerly it
also contained 1,1,1-trichloroethane, but that ingredient has been deleted from the current
Material Safety Data Sheet.

1.1.3.7 Spot/Stain Removers

There is some potentia overlap between laundry prewash products, spot/stain removers,
and carpet/upholstery cleaners. For removing spots and stains from clothing that can be
laundered, a concentrated liquid laundry detergent can be used as a prewash spot remover. Some
types of stains can be removed by concentrated citrus solvents aswell. We tried to focus on
products designed specifically to remove spots by themselves, although following up by
laundering or dry cleaning would probably increase the effectiveness of almost any product.

The active ingredients in spot/stain removers can be surfactants, solvents, or enzymes.
Surfactant/enzyme and surfactant/solvent mixtures are also common. Some types of laundry
presoaks have many of the ingredients found in aliquid laundry detergent. Enzymes used to
break down proteins are varioudly called proteolytic enzymes or proteinases. Amylases are used
to attack carbohydrate materials.

A few products in our survey of specific brands were found that were 100% solvent,
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either 1,1,1-trichloroethane or petroleum naphtha. Petroleum naphthais a petroleum distillate, not
apure chemical species. An anaysis of one of the products recently performed for EPA identified
the following components in addition to heavier straight-chain aliphatic hydrocarbons: 5.1%
cyclohexane, 3.0% methylcyclopentane, 0.4% benzene, 6.4% hexane, 17% methylcyclohexane,
1.2% methyl isobutyl ketone, 4.8% toluene, and 0.6% ethylbenzene. [EPA (1991)]. Other
products listing petroleum distillates or petroleum naphtha may also contain awide variety of
compounds. Smaller amounts of mineral spirits or 1,1,1-trichloroethane, as well as glycol ethers
or ethanol, were found in severa products.

For most products we were unable to obtain specific information on surfactants. The
surfactants found included sodium dodecylbenzene sulfonate (LAS), ethoxylated C,,-C, acohols,
alpha sulfo methyl ester, linear secondary alcohol ethoxylates, and nonylphenoxy
polypropyleneoxy polyethyleneoxy ethanol (commonly known as an EO-PO polymer). Builders
specifically mentioned included both diethanolamine and triethanolamine. Proteinase enzymes
were present in several products. A few products also contained chlorine bleach in the form of
sodium hypochlorite.

1.1.3.8 Manual Toilet Bowl Cleaners
Toilet bowl cleaners are usually acidic and take two forms. liquids and powders. Many of

these products are considered corrosive. Some typical formulas as given by Coons are
reproduced in Table 9 below. [Coons (1987)].
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TABLE 9. GENERAL FORMULATIONS FOR ACID TOILET BOWL CLEANERS

Ingredients (%) Liquid Cleaners Powdered
Cleaners

1 2 3 4

formic acid - - 5-25

phosphoric acid - 30-50

hydrochloric acid 7-15

sodium hydrogen sulfate (bisulfate) - - - 69-95

nonylphenol polyethyleneglycol ethers 2-4 4-8

oxoalcohol polyethyleneglycol ethers - - 2-6

cetyl dimethylbenzylammonium chloride 0.5-1

linear alkylbenzene sulfonate - 1-2 - 0.2-1

xanthane - - 05-2

sodium chloride - - - 0-10

sodium silicate 5-15

sodium carbonate/bicarbonate - - - 5-20

fragrances + + + +

dyestuffs + + + +

water balance balance balance

Virtually al of the specific brands of in-bowl toilet cleaners we investigated were strong
acids. Most were identified on the label as being corrosive to skin and eye tissue. The most
common acid was hydrochloric, but phosphoric acid and oxalic acid were also found in liquid
products. Powdered products contained sodium hydrogen sulfate. Some liquid products
contained quaternary ammonium chloride germicides in addition to the acids.

One group of products making environmental claims was distinctly different from the rest.
They combined a mixture of essentia oils from various plants with surfactants and vinegar or
acetic acid. These products are much weaker acids than those described above and are not
labeled as corrosive.

1.1.3.9 Automatic Toilet Bowl Cleaners

Automatic toilet bowl cleaners are dispensed with each flush of the toilet. Although liquid
products are available, Coons discusses formulas only for solids. He gives sample formulas for
cast and extruded blocks, as shown below. [Coons (1987)]. These products contain a
considerable amount of dye, so much that the water in the toilet is noticeably colored, providing
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an indication that the product is still present. The surfactant blends listed are fairly specific. The
ingredients are selected to stabilize both the product form and the amount released per flush.

Table 10 shows a general formula for these automatic toilet bow! cleaners. [Coons
(2987)].

TABLE 10: GENERAL FORMULATIONS FOR SOLID TOILET TANK CLEANERS

Ingredients (%) Cast Extruded
linear alkylbenzene sulfonate 10-30 20-30
tallow fatty alcohol polyethyleneglycol ethers (25-50 EO) 20-40 30-40
nonylphenol polyethyleneglycol ethers (30 EO) - 0-40
polyethyleneglycol ethers (MW 10,000-20,000) 20-40 5-15
sodium EDTA - 5-10
sodium carbonate - 0-20
sodium sulfate - 0-30
fragrances 5-15 1-8
dyestuffs 2-6 2-6
preservatives + +
water 0-15

Specific brands of toilet tank inserts we surveyed were mixtures of surfactants and
indicator dyes. Some products were solid in form, such as blocks or pellets, while others were
liquids, dispensed from bottles with specia dispensing tops. When hung upside down inside the
tank, these bottles dispense a slow, steady drip of product into the toilet tank. Consumer Reports,
in areview of toilet cleaners, did not have much good to say about the effectiveness of these
products. "They rely heavily on blue dye to tint the water and hide the dirt that accumulates
between real scrubbings.” [Consumer Reports (1988b)].

These products contain relatively large amounts of dye to indicate when the product is

used up. At least one manufacturer has moved away from chromium-based dyes, but the potential
exists for these products to contain high levels of chromium.
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1.2 PACKAGING

1.2.1 General Issues

To agreat extent, product packaging is dictated by the product itself, its use, physical
form, and chemical properties. Large containers must be strong and may need handles. Some
products require clear containers, others opagque ones. Some chemicals attack certain packaging
materials. Some products, like window cleaners, need to be sprayed on for maximum
convenience and effectiveness.

Given these constraints, however, choices are possible. Often a particular product is
available in both an aerosol and aliquid form. The aerosol requires a metal can, whereas the
liquid can be placed in plastic. Several types of plastic may be equally suitable. Some types of
plastic are readily available with recycled content, whereas others are not.

Many companies are moving towards using more recycled materials. Packaging choices
are changing very rapidly at the present time. A product on the shelf today may beina
completely different container than it was last year at thistime. Thus the packaging information
provided below should be considered a snapshot in time.

The move to using recycled packing materials appears to be influenced by three factors:
basic interest in the issue, supply and cost. A company's response to these factors is often
influenced by the size of the firm. Most of the large manufacturers expressed a commitment to
using recycled materias, and in fact, have already begun to do so to a certain extent. When it
comes to cost, the larger companies are at an advantage. They can more easily afford to purchase
the large lots which may be required or which may provide a price break. Smaller companies do
not have the same economies of scale. One manufacturer told us that HDPE bottles made from
recycled material cost 30% more than those made from virgin plastic. Although afew companies
do make their own bottles, most do not. The higher cost of post-consumer content versus virgin
materials is causing some manufacturers to hesitate in ordering bottles with higher recycled
content.

Supply can be a significant issue influencing the use of more recycled content. Often
manufacturers have a large backlog of old bottles which they wish to use up before switching over
to anew supplier or technology. Many manufacturers, especially small ones, stated that they
were having trouble locating steady supplies of bottles that met their needs. Despite these
difficulties, the survey found many small companies that have found sources for materials with
high recycled content.
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1.2.2 Specific Findings

Following is adiscussion of the packaging for the full range of household cleaners we
surveyed.

1.2.21 Aerosol Cans

Aerosol products are packaged in steel cans. Individual manufacturers were not asked for
the recycled content of their particular cans, but the Steel Can Recycling Institute (SCRI)
estimates that the average post-consumer recycled content of aerosol cansis 25% or less.
Although the technology for recycling consumer aerosol cans does exist, in practice the cans are
not recyclable in most locations because programs for collection do not exist. Officials who run
recycling collection programs are concerned about collecting cans that might have toxic materials
inside because of the potential danger to workers. The SCRI is seeking to encourage recycling of
these cans, and it is likely that more programs will appear in the future. Many products sold in
aerosol cans, however, can also be dispensed by other systems.

1222 High-Density Polyethylene (HDPE)

Plastic was by far the most common packing material used in the products under
consideration because most of these products are liquids. The plastic most commonly used is
high-density polyethylene (HDPE). Many of the bottles are still made from virgin plastic, but the
general move istoward including some recycled content. The current technology uses a layered
materia with virgin HPDE on the outside and inside surfaces and a layer of recycled materia
(both pre - and post-consumer) sandwiched between. The outer virgin layer allows control over
packaging identity and color. Theinner layer isto prevent migration of odors from the recycled
material, which may retain odors from milk bottles or other prior use. The maximum level of
post-consumer recycled material we found in any HDPE bottles was 60%, but 15-25% was more
typical. The average percentage of recycled content is expected to increase over the next few
years.

1.2.2.3 Polyethylene Terephthalate (PET)

We identified only ten products packaged in PET bottles. Three companies claim 100%
post-consumer recycled material in their PET bottles, accounting for seven of the ten products.
The other PET bottles are virgin plastic. Several companies have plans to move their products
currently in polyvinyl chloride into PET. The extremely high post-consumer content in recycled
PET arises because of the large supply of recyclable, clear PET soft drink bottles, largely in states
with beverage container deposit laws
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1.2.2.4 Polyvinyl Chloride (PVC)

We identified 22 products packaged in PV C bottles or blister packs. Although not all
manufacturers were contacted, none reported using any recycled PV C, and several manufacturers
have plans to move out of PVC into PET. Although technically PVC isrecyclable, thereisn't
much of it available for recycling. PV C often presents problems in community collection
programs because one PV C bottle in aload of PET bottles contaminates the entire batch.  Since
PET and PV C are both transparent, the possibility for confusion is not small.

1.2.25 Polypropylene

Three products were packaged in polypropylene. None contained any recycled material.
Thereis very little polypropylene being recycled at the moment.

1.2.2.6 Cardboar d/Pasteboard
Twenty-one products had either cardboard or pasteboard packaging. Of these, ten are
known to contain at least some recycled materials. The highest percentage claimed was 100%

post-consumer waste, but numbers in the 70-85% range were more common. In one case, the
cardboard box isin addition to the spray bottle inside.
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PART 2:
ENVIRONMENTAL EVALUATION OF GENERAL PURPOSE
HOUSEHOLD CLEANERS

21 DISCUSSION OF PRODUCT INGREDIENTS

The project team, in consultation with the Green Seal Director, selected the subclass
Genera Purpose Household Cleaners for environmental evaluation and development of standards.
This selection was based upon market share information, which showed that this subclass had the
largest unit sales of the various household cleaner subclasses. Based on volume alone, the overal
environmental impacts from this subclass would be expected to be greater than for other
subclasses. Furthermore, cleaners in the General Purpose subclass contain many common
ingredients found in all of the subclasses surveyed. Standards set for these ingredients in General
Purpose Cleaners can be used in the future to set standards for other subclasses.

2.1.1 Surfactants

A wide variety of surfactants are used in Genera Purpose Household Cleaners, although
some types are much more common than others. A list of the maor surfactant types found in
General Purpose cleanersislisted below in Table 11. [expanded from Coons (1987)].

TABLE 11: KEY SURFACTANTS FOR GENERAL PURPOSE CLEANERS

Surfactant Type Acronym Chain Lengths
(R = dkyl, n = ethoxylation)
linear akylbenzene sulfonates LAS R=Cyu
alkane sulfonates AS R=Cps
alpha-olefin sulfonates AOS R=C,
fatty alcohol sulfates FAS R=C
fatty alcohol ether sulfates FES R=C
fatty acid sats soap R=Cgy
methyl ester sulfonates MES
alkyl polyethyleneglycol ethers AEO R=Cp. N=4-10
(alcohol ethoxylates)
alkyphenol polyethyleneglycol ethers ~ APEO R=Cy n=4-10
fatty acid alkanol amides FAA R=C,.,
fatty amine oxides FAO R=C,.
alkyl polyglycosides APG

The most important class of surfactants for cleaning agentsis LAS, linear alkylbenzene
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sulfonates. They are highly effective cleaners, particularly on fats and soils. They are dso
compatible with many other cleaning components, a notable exception being cationic surfactants
used as antimicrobials. The cleaning effectiveness of LAS varies with the carbon chain length,
peaking at around 10-13 carbons. Commercial LAS usualy includes a mixture of chain lengths,
with the C,, ,, range being most common. Product ingredient lists sometimes list dodecylbenzene
sulfonate or laurylbenzene sulfonate (both C,,). LASisgenerally present as the sodium sdlt, i.e.,
sodium dodecylbenzene sulfonate.

The exact extent of LAS use in General Purpose Cleanersis not known, but LAS usage in
household productsis currently fairly stable. [Chemical Week (1990)]. Nevertheless, anionic
surfactants based upon vegetable raw materials, such as methyl ester sulfonate (MES) and akyl
polyglycoside (APG) may be poised to make inroads with high growth rates. [Soap, Cosmetics,
Chemical Specialties (1991)].

Although the surfactant industry is split over the relative environmental benefits of these
two aternative surfactants, they are marketed with a strong environmental angle, and if
consumers demand them, producers will use them. They already appear in some consumer
products, particularly those with an environmental image, and Henkel, a major European-based
surfactant maker, is building new facilities in this country to produce APG.

Alkane sulfonates (AS) are not as common as LAS, but their use isincreasing, particularly
in Europe. A major advantage of ASistheir compatibility with chlorine in hypochlorite-
containing cleaners.

In General Purpose Cleaners soaps are still used, although usually in combination with
other surfactants, where their function is often less as a cleaner than as a sequestering agent or a
solubilizer for marginaly soluble ingredients such as pine oil. In combination with anionic
surfactants, soap depresses foam production [Davidsohn (1987)].

Alpha-olefin sulfonates, fatty alcohol sulfates, and fatty acohol ether sulfates are not
widely used in genera purpose cleanersin the US, although we did find some products with
alcohol ether sulfates and with alcohol sulfates.

Alkyl polyethyleneglycol ethers (AEO, also called acohol exthoxylates) are widely used
nonionic surfactants. The acohols can come from either vegetable or petroleum sources, but the
ethoxylation always involves reaction with the petroleum derivative ethylene oxide. A wide range
of alcohol structures are possible, but the range C,, ;5 is optimal for detergency. They share with
the alkylphenol ethoxylates the advantages of high effectiveness, low foaming, and compatibility
with cationic surfactants.

Alkylphenol polyethyleneglycol ethers (APEO, aso called akylphenol ethoxylates) are still

rather widely used in general purpose cleaners, the most commonly used being nonylphenol
ethoxylate. Their primary advantages are high effectiveness, particularly in combination with
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LAS, and low cost. They are low foaming and, because they are nonionic, compatible with
cationic surfactants.

Fatty acid akanolamides (FAA) are widely used in cleaning compounds, but primarily in
combination with other surfactants. One of the most common is coconut diethanolamide
(cocoDEA). The functions performed by FAA include dispersion of lime soap, foam regulation,
and improving the ability of other surfactant systems to be thickened, through an interaction with
inorganic saltsin the mixture.

According to Coons, fatty amine oxides (FAO) and amphoterics are also extensively used
in cleaning compounds, but mainly aslow level additives. [Coons (1987)]. Amphoterics are
compatible with surfactants of al polarities, and they improve the performance of many primary
surfactants.

Generdly, Material Safety Data Sheets (MSDSs) contain little, if any, information on
surfactant systems. A few product manufacturers provide this information on product labels or in
product information bulletins. One problem which we encountered frequently, particularly with
regard to surfactants, was vaguely-worded descriptions such as "coconut oil based surfactant,”
"organic surfactant,” or "renewable resource based surfactant." We tried to obtain more specific
information and in some cases were successful. 1n many cases, coconut oil based surfactants
turned out to be ethoxylated alcohols, lauryl ether sulfates, or cocoamides. A few products were
liquid soap or contained a large percentage liquid soap.

Nonionic surfactants appearing in products investigated included alcohol ethoxylates,
coconut diethanolamide, nonylphenol ethoxylates, and amine oxides. Generally, we were not able
to obtain chemical names more specific than these. For products claiming vegetabl e-based
surfactants, the alkyl portion of alcohol ethoxylates presumably comes from coconut or palm
Sources.
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2.1.2 Anti-microbials

Coonset al. list avariety of antimicrobial ingredients used in household cleaners, as
shown below in Table 12. [Coons (1987)].

TABLE 12: ANTIMICROBIAL AGENTSIN CLEANERS

Type Examples

quarternary ammonium compounds alkyl dimethylbenzyl ammonium chloride
biguanides oligo hexamethylene biguanide
amphoterics n-fatty alkyl beta-aminopropionate

n-hydroxyethyl-n-carboxymethyl fatty
acid amidoethylamine, sodium salt

alcohols ethanol, propanol, pine ail, benzyl alcohol

oxidants sodium hypochlorite
trichloroisocyanuric acid and its salts
sodium perborate + activator
peroxyphthalic acid, magnesium salt

aldehydes formaldehyde
glyoxa
glutaraldehyde
aldehyde/glycol condensation products
aldehyde/amine condensation products

phenolic derivatives o-phenyl phenol
o-benzyl-p-chloro phenol

Learning the identity of antimicrobial agents in disinfectants and disinfectant cleanersis
straightforward, since these products are regulated as pesticides by the Environmental Protection
Agency (EPA), and active ingredients with antimicrobial action must be listed on the product
label. Everything elsein the product islumped together under the unfortunate term "inert
ingredients.” It isimportant to understand that inert ingredients can include any chemical whose
purpose is other than killing the target pest, in this case bacteria, viruses or mildew. Typical inert
ingredients in household disinfectants could be surfactants, solvents, chelating agents,
hydrotropes, dyes, and fragrances. In alarge number of cases, MDSDs listed ingredients which
were not found on the label and vice versa. The labels for disinfectants are regulated by EPA,
which requires a complete listing of active ingredients, no matter how small the concentration.
MSDS sheets, regulated by the Occupational, Safety and Health Administration (OSHA), only list
hazardous ingredients present at greater than 1% concentration, except carcinogens, which are
listed at 0.1%.

In the specific brands we investigated, only a few antimicrobials were commonly found.
Pine oil was by far the most frequently used. Quaternary ammonium compounds were common,
especidly diakyl dimethylammonium chlorides and alkyl dimethylbenzylammonium chlorides. A
few products contained aky! dimethylethylbenzylammonium chlorides. Sodium hypochlorite was

24



also found in some products. Phenolic compounds appear to be less frequently used than they
once were. Phenol itself was not listed in any products.

The concentrations of pesticidal ingredients varied widely from one product to another.

Label signa words CAUTION, WARNING, and DANGER were al found, indicating awide
range of acute toxicities.

2.1.3 Buildersand Complexing Agents

The builders and complexing agents most commonly found in the General Purpose
Cleaners surveyed include sodium carbonate, sodium EDTA, sodium sulfate, sodium silicate,
sodium citrate, and sodium chloride. A few cleaners still use phosphates, either as sodium
tripolyphosphate or sodium pyrophosphate, although phosphates have been phased out of most
Cleaners.

Sodium EDTA is a strong complexing and sequestering agent, but sodium citrate is often
used for the same purpose. Nitrilotriacetate (NTA) is another complexing agent that is used
widely in Canada, but not in the United States.

Liquid cleaners often include hydrotropes which increase the solubility of the surfactants
and keep the product from separating into components on the shelf. Typical hydrotropes include
short chain aromatic sulfonates (cumene sulfonate, xylene sulfonate, toluene sulfonate), alcohols
(ethanal, isopropanol), and polyethyleneglycol ethers. These are usually present in low
concentrations.

2.1.4 Solvents

Solvents used in General Purpose Cleaners include alcohols (ethanol, isopropanol),
glycols, glycol ethers, and terpenes (pinene, d-limonene). Products in trigger spray bottles usually
contained glycol ethers, by far the most common being 2-butoxyethanol (ethylene glycol mono-n-
butyl ether). Diethylene glycol butyl ether and diethylene glycol ethyl ether were also found in
some products, as were propylene glycol ethers. Other solvents included pine oil, citrus oils
(variously called orange ail, lemon ail, or the primary terpene d-limonene), and alcohols
(isopropanol, ethanol). Pine oil appearsin productsin widely varying quantities. In one cleaner,
for example, a concentration of 19.9% is germicidal, whereas in many other products small
amounts are used merely as afragrance. A similar situation occurs with d-limonene. A few
products contain large amounts of d-limonene which act as solvents or degreasers. In other
products atrace is used as a fragrance. Finally, a number of general purpose liquids contained
ammonia, which aso acts as a solvent.
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2.1.5 Miscellaneous | ngredients

The main miscellaneous ingredient in most General Purpose Household Cleanersis water.
Many cleaners contained more than 80% water, with the spray cleaners having the highest water
content. A small number of cleaners are offered as powders with no water, but most are now
agueous liquids.

Several Genera Purpose Cleaners contain fragrances, dyes, preservatives, and other
ingredients for which there is little information on the label or the MSDSs. These are generaly in
trace concentrations only, so they probably do not heavily influence environmental impacts of the
products.

Fragrances can be based upon natural plant oils or synthetic organic compounds. Dyes
can be based upon heavy metas, such as chromium or cadmium. Formaldehyde is sometimes used
as apreservative for vegetable-oil based surfactants, although ethanol may also be used.

Finaly, there are at least two manufacturers offering towelettes soaked in cleaner solution
as General Purpose Cleaners. These have the added ingredient of a disposable paper towlette.

2.1.6 Packaging

The most common packaging for General Purpose Household Cleanersis high-density
polyethylene (HDPE), with varying degrees of recycled content. The highest HDPE recycled
content found in any of the General Purpose Cleaners surveyed was 60% with 42.8% post-
consumer waste.

There isagrowing use of polyethylene terephthalate (PET) among large manufacturers
who have invested in their own bottle molds, which permits the use of 100% recycled content
with 100% post-consumer waste. Some manufacturers have switched to 100% post-consumer
PET for some leading products. Such a high recycled content is made possible by the properties
of PET and by the availability of PET soft drink bottles from states with bottle deposits.

A small number of General Purpose Cleaners are packaged in polyvinyl chloride (PVC) or
polypropylene containers. These cleaners are similar in composition to those packaged in either
HDPE or PET, so there does not seem to be any obvious reason based upon product composition
for the choice of a packaging material that is not recycled.
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217 "Green" Cleaners

Cleaners surveyed making environmental claims or having environmental sounding names
had a remarkable variety of ingredients, including many that were found in the more "mainstream”
cleaners. They also had a variety of packaging, some without any recycled content. The internal
environmental criteria used by many of the "green” cleaner manufacturersis obviously
inconsistent or incompl ete.

For instance, one highly advertised "green" cleaner contains glycol ethers and petroleum-
based surfactants and is packaged in a PV C bottle. Most of the "green” cleaners use surfactants
that have petrochemica components (e.g. acohol ethoxy sulfates, cocamide DEA), although most
have shifted away from LAS. Some of the surfactants used are mild to skin and are commonly
used in shampoos (e.g., cocamide DEA).

Some "green” cleaners use EDTA builders commonly used in more "mainstream” cleaners,
while others have shifted to sodium citrate and sodium carbonate. None of the "green" cleaners
were utilizing antimicrobials, and most were not using solvents such as glycol ethers or
isopropanol. Instead of these solvents, some "green” manufacturers were using citrus oils, such as
d-limonene, or pine oil.

22 PRODUCT PERFORMANCE TESTSAND STANDARDS

2.2.1 Cleaning Performance

Cleaning performance is important for environmental certification. The most
environmentally acceptable household cleaner is cold water, but it doesn't clean very well. If
products are certified that do not perform as well as many others on the market, then consumers
will quickly lose faith in certified products. Furthermore, the environmental benefits of a"green”
cleaner may belost if people have to use five times as much of it to clean as well as another brand.
It may be that alittle more elbow grease is worth using to protect the environment, but an
environmentally superior cleaner should at least perform in the range of other cleaners on the
market.

Genera Purpose Household Cleaners are intended to clean awide variety of soilson a
wide variety of surfaces. As such, asingle performance test or standard is difficult to specify.
With so many different types of cleaners on the market with awide variety of ingredients, it is
impossible to predict performance based ssimply upon product ingredients.

Manufacturers have their own internal standards and internal performance tests, fashioned
after long years of market research. None of the manufacturers contacted were willing to share
these internal performance tests. Severa associations have developed performance tests for
comparisons of cleaner performance, but none of these have set standards of performance.
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The American Society for Testing and Materials (ASTM) has developed a performance
test method for cleaners. Standard D 4488-85 is the Standard Guide for Testing Cleaning
Performance of Products Intended for Use on Resilient Flooring and Washable Walls. This Guide
states that it is applicable to testing al types of multipurpose household cleaners, including
dissolvable powders, dilutable liquids, and pre-diluted liquids. [ASTM (1989)].

The ASTM Guide, however, does not specify an acceptable level of performance. The
purpose of the Guide is to attempt to make performance tests reproducible and consistent. It sets
out a series of test methods for different types of surfaces and different types of soilsfor usein
comparing the performance of different cleaners. The tests include the greasy soil/painted
masonite wallboard test method; iron oxide pigment/linoleum test method; mohair cloth/modified
Gardner straight-line washability and abrasion apparatus method; and the ail, carbon black and
clay/white enamel painted stainless-steel panels test method. Most of these quantify cleaning
performance by measuring the reflectance of the materia test panel with an optical instrument
after cleaning. [ASTM (1989)].

The Chemical Specialties Manufacturers Association (CSMA), atrade association for
manufacturers of cleaners, has developed two performance test methods for the performance of
some cleaners: CSMA DCC-04 for Hard Surface Cleaners (July 1973) and CSMA DCC-02 for
Floor Tile Cleaner (May 1983). The Hard Surface Cleaner performance test method is for
evaluating the relative efficiency of agueous cleaners on painted surfaces. It uses a pencil and a
crayon marker as representative soils, a cleaning apparatus that uses a specified number of brush
strokes with the cleaner, and a panel of judges to rate the degree of soil removal for each mark
made by the pencil and the crayon on ascale of 1to 7. [CSMA (1973)].

The Floor Tile Cleaner performance test method is for comparing the cleaning efficiency
of floor tile cleaners on naturally soiled resilient floor tile (either vinyl asbestos or vinyl tiles).
White tiles are obtained from CSMA and are installed in a pedestrian walkway until they are
uniformly soiled. The reflectance of the panelsis measured by an electronic instrument called a
reflectometer before and after soiling. The panels are then cleaned with the subject cleaner in a
cleaning apparatus (called a Gardner Washability Machine) using a sponge for a uniform number
of strokes. The reflectance of the panels after cleaning is then measured, and the cleaning
efficiency is calculated as the increase in reflectance after cleaning as compared to the decrease in
reflectance from the soiling of the clean panel. [CSMA (1983)].

Consumer Reports has tested General Purpose Household Cleaners using its own cleaning
machine test method. It rated 35 products, including some of the best-selling, heavily advertised
brands, in cleaning performance on three types of soils on white-painted surfaces. red crayon,
black grease compound (lampblack, lanolin, margarine, petroleum jelly), and heavy pencil. Few
cleaners performed well on al three of the stains, and the black grease was the most intractable.
[Consumer Reports (1988a)].

Out of the top ten cleaners in performance, seven were formulated with pine oil and
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surfactants. Pine oil apparently helps penetrate and loosen greasy dirt. Consumer Reports
cautioned, however, about the combustibility of pine oil formulations.

The glycol ether/surfactant-based spray cleaners turned in average performance. The
surfactant-based cleaners without pine oil ranged from good to average, and one vegetable ail
soap cleaner had average performance. Some of the worst performers in the tests were plain
ammonia, a sodium hypochlorite spray, and a cleaner advertised for cleaning grease, that
performed worst of al in cleaning the grease stain. [Consumer Reports (1988a)].

2.2.2 Disinfectant Perfor mance

The Environmental Protection Agency has specified test methods for claims of
disinfectancy for household cleaners for registration under the Federal Insecticide Fungicide and
Rodenticide Act (FIFRA). Under FIFRA regulations any products bearing claims for control of
microorganisms which pose a threat to human health require specific efficacy data to support such
claims and patterns of use. [7 U.S.C. 8§ 136a(c)(5); 40 C.F.R. § 162.18-2]. Thisincludes
unqualified claims for products as disinfectants, sanitizers, and for limiting growth of odor-causing
bacteria. [EPA Requirements for Antimicrobial Pesticides].

A disinfectant, as that term is used by EPA, isintended to destroy or inactivate one or
more species of major bacteria, depending upon whether the disinfectant makes a"limited”,
"genera", or "hospital” disinfectant claim. There are aso tuberculocides, fungicides, virucides,
sterilizers (destroy al bacteria and viruses, including spore forms), and sanitizers (reduce number
of bacteria and viruses).

Efficacy tests used for general and limited disinfectants, which are most relevant for
General Purpose Household Cleaners, include the AOAC Use-Dilution Method and the AOAC
Germicida Spray Products Test, both devel oped under the auspices of the Association of Official
Analytical Chemists, an independent, international standard-setting organization. These tests
measure whether a disinfectant kills test bacteria on a standard hard surface. For genera
disinfectants the test bacteria are Salmonella cholera-suis and Saphylococcus aureus. [GAO
(1990)].

EPA's disinfectancy test methods have come under increasing criticism. First, the role of
the inanimate environment (e.g., hard surfaces) in transmitting infection has not been completely
defined, and controversy particularly exists about whether hard surfaces can transmit infections
through contact with intact skin. Second, EPA's test methods have come under fire because they
produce highly variable results and may not represent actual conditions of use. This later criticism
stems from concerns that the surfaces, number and resistance of microorganisms, presence of
organic matter, disinfectant concentration, ambient temperature, and amount of time a disinfectant
is exposed to a contaminated surface encountered in actual use conditions may differ significantly
from laboratory test conditions. [GAO (1990)].
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Industry members have criticized EPA's pass/fail standards based upon the tests as being
too stringent. The General Accounting Office found, however, that certain registered disinfectants
have failed state and federa enforcement tests by such a wide margin that the disinfectants would
be judged ineffective by amost any performance standard. For instance, when EPA was il
testing disinfectants, between 1978 and 1982 an average of 42% of all disinfectant samples tested
by the lab failed efficacy tests. [GAO (1990)].

Disinfectants in household cleaners do not sterilize a surface, which would require killing
all viruses and al living bacteria, fungi, and their spores. Disinfectants destroy specific viruses,
bacteria or pathogenic fungi, but not necessarily their spores. Even with prolonged contact time,
disinfectants are not effective as sterilizers. [EPA, Letter].

Consumer Reportsin a 1988 article on General Purpose Cleaners stated that:

We think it's a waste of money to pay extrafor those touted disinfectant

properties. A disinfecting cleaner cannot sterilize every surface in the home or
sterilize the air. At best, such a cleaner can temporarily reduce populations of some
germsin avery limited area for alimited time. Keegping a sickroom clean--with any
cleaner--and washing hands after contact with a sick person are usually sufficiently
hygienic. If you need stronger germicidal protection, ask your doctor for advice.

[Consumer Reports (1988a)].
In 21991 article about bathroom cleaners, Consumer Reports stated that:

Many cleaners claim to disinfect, and they may indeed get rid of some
microorganisms for awhile. But trying to kill microorganismsin an unsterile
environment is futile. As soon as you bump off some germs, they're replaced by
others.

Consumer Reports ended up recommending General Purpose Household Cleaners for cleaning
bathrooms instead of specialized disinfecting bathroom cleaners. [Consumer Reports (1991b)].

We investigated these issues further through literature reviews and through discussions
with manufacturers and researchers. The literature reviewed generally supports the argument that
disease organisms can thrive on certain hard surfaces in the home, and that some diseases can be
transmitted through contact with these surfaces. The surfaces most discussed for such tranmission
are food preparation surfaces and hand contact areas in bathrooms, such as water faucet and door
handles. In both of these cases the route of exposure is ultimately through ingestion, with
organisms from meat and poultry contaminating other food prepared on the same surfaces, and
with hand-to-mouth contact transmitting organisms picked up by hand in bathrooms. [Mendes
(1978); Mendes (1975); Z€ligs (1992)].
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In addition to exposure, the ability of disease organisms on home surfaces to actualy
cause disease depends upon the size of the organism population and the status of the immune
systems of the persons exposed. For most homes and most surfaces, general cleanlinessis usualy
enough to keep organism populations at levels that do not transmit disease, although it is difficult
to remove organisms found in raw meat and poultry from rough surfaces such as wood cutting
boards by smple cleaning. Persons with weaker immune systems, such as infants, the elderly, and
AlDs victims, are more susceptible to infection, and disinfection of surfaces in which they come
into frequent contact may reduce organism levels to an extent sufficient to reduce infections.

Manufacturers also believe that disinfectants confer benefits that consumers want by
reducing levels of odor-causing bacteriain some areas of the home. No studies were found on this
clam, but it seemsthat general cleaning would have a similar effect and that microorganism
populations will return quickly after disinfection on surfaces that are subject to recurring bacterial
input, such astoilets. As Consumer Reports concluded, it isimpossible to sterilize a home, and
some cleaners merely mask odors with their own "disinfectant” odor.

23 REGULATIONSFOR GENERAL PURPOSE HOUSEHOLD CLEANERS AND
PRODUCT INGREDIENTS

The only federal regulations that apply directly to General Purpose Household Cleaner
formulations are those implementing the Federal Hazardous Substance Act. Several of the
common ingredients in General Purpose Household Cleaners, however, are regulated under other
federa and state environmental and occupational laws and regulations.

2.3.1 Federal Hazardous Substance Act Regulations

The Federal Hazardous Substance Act regulations are found in VVolume 16, Chapter 11,
Subchapter C, of the Code of Federal Regulations (C.F.R.). These regulations, adopted by the
Consumer Product Safety Commission, restrict the use of certain hazardous substancesin
consumer products and require hazard labeling on consumer products containing other hazardous
substances. The definition of hazardous substance most germane to household cleanersis:

Any substance or mixture of substances which istoxic, corrosive, an irritant, a
strong sensitizer, flammable, or combustible, or generates pressure through
decomposition, heat or other means, if such substance or mixture of substances
may cause substantial personal injury or substantial illness during or as a proximate
result of any customary or reasonably foreseeable handling or use, including
reasonably foreseeable ingestion by children.

[16 C.F.R. § 1500.3(a)(4)(i)(A)(1991)].
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The regulations define each of these terms (e.g., toxic, corrosive, etc.) by reference to test
methods and different hazard levels. The different levels of toxicity, for instance, as measured by
animal tests are shown in Table 13. An LD, as used in these regulations is the concentration of a
substance, expressed in mass of the substance per mass of the animal, that will kill half or more of
agroup of white rats within 14 days when administered orally asasingle dose. An LC,, asused in
these regulations is the concentration of a substance in air (gas or dust) that will kill half or more
of agroup of white rats when inhaled continuously for 1 hour or less. The LD, for skin
absorption is the concentration of a substance, expressed in mass of the substance per mass of the
animal, that will kill half or more of a group of rabbits when administered in continuous contact
with bare skin for 24 hours.

TABLE 13 TOXICITY LEVELSIN CPSC REGULATIONS

Highly Toxic LDy, < 50 mg/kg (oral) white rats
LCs, < 200 ppm (inhalation) white rats
LCs, <2 mg/l (inh. dust) white rats
LDy, < 200 mg/kg (skin) rabbits
Toxic 50 mg/kg> LD, < 5 g/kg (oral) white rats
200 ppm> LCy, < 20,000 ppm (inh.) white rats
2mg/l > LCy, < 200 mg/l (inh. dust) white rats
200 mg/kg > LDg; < 2 g/kg (skin) rabbits

Corrosives are substances that cause visible destruction or reversible alteration to tissue at
the site of contact as determined by animal tests. Irritants are substances that are not corrosive but
cause irritation to the skin, mucous membranes or the eye. Sensitizers are substances that produce
an dlergic reaction.

These definitions and test methods are primarily for identifying hazardous substances and
designating appropriate hazard warnings for labeling purposes. In addition, the following have
been determined by the Consumer Product Safety Commission based upon human experience to
be hazardous substances when present in consumer products:

1. Diethylene glycol and mixtures containing 10% or more by weight of diethylene
glycol.

2. Ethylene glycol and mixtures containing 10% or more by weight of ethylene
glycol.

3. Products containing 5% or more by weight of benzene.

4, Products containing 10% or more by weight of toluene, xylene, or petroleum
distillates.

5. Methanol and mixtures containing 4% or more by weight of methanol.

6. Turpentine and mixtures containing 10% or more by weight of turpentine.
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[16 C.F.R. § 1500.14(8)(1991)].

In addition, certain products are declared banned hazardous substances because "they
possess such a degree or nature of hazards that adequate cautionary labeling cannot be written
and the public health and safety can be served only by keeping such articles out of interstate
commerce." These include extremely flammable paints and coatings, carbon tetrachloridein fire
extinguishers, liquid drain cleaners with more than 10% sodium and/or potassium hydroxide
(unless specialy packaged), and lead-based house paints. [16 C.F.R. § 1500.17(a)(1991)].

2.3.2 Environmental Regulations

Several lists of hazardous substances are found in federal and state environmental
regulations subjecting these substances to specific reporting and control requirements. One of the
most comprehensive listsis found in the Emergency Planning and Community Right-to-Know
Act, which requires manufacturing facilities to report environmental releases of any substances on
alist of hazardous substances defined by the U.S. EPA. [42 U.S.C. 88 11001, et seg.]. The
inventory of releases is called the Toxics Release Inventory (TRI).

Ingredients that were found in General Purpose Household Cleaners that are on the TRI
list include the following:

ammonia

isopropanol

o-phenylphenol (2-phenylphenol)

glycol ethers (mono- and di- ethers of ethylene glycoal, diethylene glycol, and triethylene
glycol)

[40 C.F.R. § 372.65 (1991)].

The federal Clean Water Act regulations have alist of hazardous substances for reporting
of spills and releases, which includes the following ingredients found in General Purpose
Household Cleaners:

acetic acid

ammonia

ethylenediamine-tetraacetic acid (EDTA)
sodium hydroxide

sodium hypochlorite

sodium phosphate (tribasic)

[40 C.F.R. § 116.4 (1991)].
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The Clean Air Act Amendments of 1991 contain alist of hazardous air pollutants, which
includes the following ingredients found in General Purpose Cleaners:

mono- and di- ethers of ethylene glycol, diethylene glycol, and triethylene glycol
[Section 112(b) of the Clean Air Act, 42 U.S.C. § 7412(b)].

Southern California clean air regulations are considered to be the most stringent in the
nation for volatile organic compound (VOC) emissions in order to reduce photochemica smog.
South Coast Air Quality Management District regulations impose limitations on the content of
VOCsin certain consumer products, although no rules have been developed specifically for
General Purpose Household Cleaners.

Several General Purpose Household Cleaners contain compounds that are potential
VOCs, including isopropanol, glycol ethers, ethanol, pine oil, and citrus oils. Some of the
surfactants may also be sufficiently volatile to be considered VOCs under the test that is typically
specified, which is an evaporation test.

The South Coast Air Quality Management District rules for coatings (paints, inks, etc.)
generally limit VOCs concentrations in coatings to 240 - 800 grams per liter (2.0- 6.7 Ib./gal.),
excluding water and exempt compounds (certain chlorinated and fluorinated organics that do not
react as photochemical smog). [South Coast Air Quality Management District (1991)]. Itis
unlikely that most General Purpose Household Cleaners, which are predominantly water, would
exceed these limits.

2.3.3 Occupational Health Regulations

The federal Occupationa Safety and Health Administration sets permissible exposure
levels for workplace exposure to hazardous substances. OSHA also has promulgated the Hazard
Communication Standard, which requires manufacturers of products used in the workplace to
supply Materia Safety Data Sheets with certain specified information on product ingredients and
their hazards. These MSDSs generally only report hazardous ingredients present in
concentrations greater than 1% or 0.1 % for carcinogens.

Table 14 contains the OSHA Permissible Exposure Levels for some of the ingredients
found in General Purpose Household Cleaners. [Sax (1987)].



TABLE 14: OCCUPATIONAL LIMITS FOR INGREDIENTS OF GENERAL PURPOSE HOUSEHOLD CLEANERS

Compound Permissible Exposure Limit

Acetic acid 10 ppm (8-hr. TWA)

Ammonia 50 ppm (8-hr. TWA)
Ethylene glycol 25 ppm (8-hr. TWA)

mono-n-butyl ether

|sopropy! alcohol 400 ppm (8-hr. TWA)

2.3.4 Carcinogens and Reproductive Toxins

While the General Purpose Household Cleaners surveyed do not contain ingredients that
are carcinogens or reproductive toxins, several ingredients, including packaging material, are
produced using chemicals that have been classified as such. Even if the release of these chemicals
into the environment or the workplace during the production process is regulated, worker and
community exposure still occurs.

Four organizations that evaluate and classify chemicals based upon the overall level of
evidence of their carcinogenic effect are the U.S. EPA, the International Agency for Research on
Cancer, and the California Department of Health Services, and the U.S. Department of Health and
Human Services, National Toxics Program. The U.S. EPA has devised a classification scheme
with five categories that is summarized in Table 15. [OTA (1987)].

TABLE 15: CLASSIFICATION OF CARCINOGENS BY THE U.S. EPA

Group A--Human Carcinogen:
Sufficient evidence from epidemiologic studies to support a causal association between exposure to the chemicals
and cancer.
Group B--Probable Human Carcinogen:
B1: Limited evidence from epidemiologic studies, and sufficient evidence from animal studies.
B2: Inadequate or no data from epidemiologic studies, and sufficient evidence from animal studies.
Group C--Possible Human Carcinogen:
Limited evidence in animals in the absence of human data.
Group D--Not Classifiable as to Human Carcinogenicity:
Inadequate human and animal data or no data.
Group E--Evidence of Non-Carcinogenicity for Humans:
No evidence of carcinogenicity in at least two adequate animal tests in different species or in both adequate
epidemiologic and animal studies.

The classification scheme of the International Agency for Research on Cancer is
summarized in Table 16. [OTA (1987)].
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TABLE 16: CLASSIFICATION OF CARCINOGENSBY IARC

Group 1--The Agent is Carcinogenic to Humans:
Sufficient evidence of carcinogenicity in humans.
Group 2A--The Agent is Probably Carcinogenic to Humans:
Limited evidence of carcinogenicity in humans and sufficient evidence in animals.
Group 2B--The Agent is Possibly Carcinogenic to Humans:
Limited evidence in humansin the absence of sufficient evidencein animals.
Inadequate evidence in humans (or no data) but sufficient evidence in animals.
Group 3-- The Agent is Not Classifiable asto Its Carcinogenicity to Humans:
Agents are placed in this category when they do not fall into any other group.
Group 4--The Agent is Probably Not Carcinogenic to Humans.
Evidence suggesting lack of carcinogenicity in humans and in animals. In some cases, evidence
suggesting lack of carcinogenicity in animals without human data where other supporting evidence
exigs.
The State of California under the Safe Drinking Water and Toxic Enforcement Act of
1986 isrequired to list chemicals known to cause cancer or reproductive toxicity. In listing
chemicals the State relies upon other authoritative bodies, such as EPA and IARC, and itsown
panel of experts. Under the law a chemical is considered to cause cancer when there is either
sufficient evidence in humans or sufficient evidence in experimental animals. A chemical is
considered to cause reproductive toxicity when there is either human evidence or when studiesin
experimental animals indicate that an association between the toxic agent and reproductive effects
in humansis biologically plausible. [Cal. Code of Regulations, Title 22, Division 2, Subdivision 1,

Chapter 3, Sections 12000, et seq.].

The National Toxics Program publishes the Annual Report on Carcinogens, which isa
consensus list of chemicals that are either known or reasonably expected to cause cancer in
humans. Several federal agencies are represented in the group that determines the chemicals for
the report, including EPA, OSHA, the Food and Drug Administration, the Agency for Toxic
Subtances and Disease Registry, and the National Cancer Institute. [NTP (1991)].

Asdiscussed in detail in the Environmental Evaluation in Section 2.4, below, chemicals
from these lists that are used and/or released in the production of ingredients, including packaging
materials, for General Purpose Household Cleaners include the following:

benzene

benzyl chloride
ethylene dichloride
ethylene oxide
formaldehyde
propylene oxide
vinyl chloride

Chemicals that are suspected of causing cancer or reproductive toxicity may be subject to
regulations governing releases to the environment or the workplace, but most have not been
specifically regulated. For instance, until the 1991 Clean Air Act Amendments, only seven
hazardous air pollutants had been regulated. OSHA has lagged even further behind in adopting
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workplace standards for most carcinogens. Even with regulatory controls in place, however, risks
remain from the use and release of these chemicals.

24 ENVIRONMENTAL EVALUATION

2.4.1 Production Processesfor Major | ngredients

24.1.1 Basic Raw Materialsfor Organic Ingredients

There are afew basic raw materials that are the building blocks for most of the organic
chemical ingredients of General Purpose Household Cleaners. Several possible carbon sources
available in large quantities could, in principle, form the basis for the manufacture of almost all
organic chemicals. anima materials (fats and oils), vegetable materials (oils and carbohydrates),
coal, petroleum, and natural gas. The sources actually used in the organic synthesis industry are
mainly determined by price and availability of the materials, along with the ease with which they
can be converted into useful chemicals.

Organic synthesis processes are generally complicated mechanisms that can be difficult to
accurately describe in a concise manner. The following text will first provide a background by
describing the sources of basic raw materials used in the manufacture of relevant organic
intermediates, and then will discuss the different synthesis pathways for specific ingredients found
in General Purpose Household Cleaners. For many of the magjor ingredients, process diagrams
have been provided.

24111 Fats and Qils

Fats and oils can be found in both animal and vegetable material. The primary source of
fats and oils from animalsisin the form of beef tallow which is a byproduct of the meat industry.
The major vegetable sources for intermediates used in the manufacture of surfactants are coconuts
and pam fruit. Fatsand oils derived from these vegetable sources contain predominately lauric
fatty acids, which are usually obtained from the fruit by pressing or solvent extraction processes.
Fats and oils derived from animal and vegetable sources primarily consist of long-chain fatty acids
and esters of glyceral, known astriglycerides. The triglycerides can be converted into the free
acids by hydrolysis with steam, or they can be converted into long-chain fatty acohols by
hydrogenolysis. Both the fatty acid and fatty alcohol forms are important intermediates of
surfactant products that are based on renewable resources. [Fritz and Johnson (1989)].

24.1.1.2 Petroleum-Based Intermediates
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Crude oils are complex mixtures of hydrocarbons that vary in composition depending on
origin. The main components are alkanes, cycloalkanes, and asmall fraction of aromatics. The
physical and chemical processes by which petroleum is refined are carried out on an extremely
large scale, and cover a broad range of unit operations. 1n the United States only about 3% of the
petroleum feedstocks and 10% of the natural gas feedstocks are used for chemical manufacture.
[Wittcoff and Reuben (1980)]. Petrochemical intermediates which are of greatest interest in the
synthesis of organic surfactants are short-chain olefins (primarily ethylene), ethylene oxide, and
aromatics (benzene, toluene, and xylenes).

Olefins are hydrocarbons which have at least one double bond between carbon atoms. A
prime example of this type of hydrocarbon is ethylene. Ethylene can be produced, along with
several coproducts, by thermal cracking of akanes and cycloa kanes obtained by fractional
digtillation of crude oil. In the United States, however, the dominant feedstock for ethylene
production is ethane, which is recovered from wet natural gas. [Franck and Stadelhofer (1988)].

Ethylene isawidely used intermediate in the petrochemical industry, ranking fourth in
chemical production capacity in the United States for 1989. [Kirk-Othmer (1991)]. Consumption
in surfactant manufacturing accounts for only a small fraction of production capacity. About 60%
of all ethylene produced is consumed in the manufacture of polymers. [Wittcoff and Reuben
(1980)].

Ethylene oxide is a cyclic compound composed of two CH, groups and one oxygen
molecule. Almost al ethylene oxide production capacity is by the direct oxidation of ethylene
over asilver catalyst. Over 60% of al ethylene oxide produced is hydrolyzed to ethylene glycol
for use in the manufacture of terephthalic acid and as an ingredient in automotive antifreeze.
Ethylene oxide is also used as an intermediate in the manufacture of many surfactants. [Wittcoff
and Reuben (1980)].

Aromatic hydrocarbons are manufactured by catalytic reforming of cycloalkanes. This
process produces mixed aromatics in the form of benzene, toluene, and xylenes. The high demand
for benzene in chemical applications does not correspond well with the ratio of aromatics
produced by catalytic reforming. Asaresult, toluene and xylenes are often converted to benzene
by hydrodeakylation. [Wiseman (1972)]. The mgor uses of benzene are in the production of
alkylated derivatives such as ethylbenzene (57% of total benzene) and cumene (19% of total
benzene). [Franck and Stadelhofer (1988)].

24.1.1.3 Ammonia

While ammonia can be a direct ingredient in cleaners, it is also used as an intermediate in
the manufacturing of many surfactants. Roughly 75-80% of world ammonia production capacity
is from steam reforming operations which utilize light hydrocarbon feeds. Of this, 65-70% use
natural gas as a source of light hydrocarbons. In 1989 ammonia was the fifth largest production
chemical in the United States, but only a small fraction of the production capacity is consumed in
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the manufacture of surfactants and cleaners. Almost 95% of the total production capacity of
ammoniais utilized in the manufacture of fertilizers, commercia explosives, and fibers-plastics.
Of the remaining 5%, the production of household ammonia, detergents and cleansersislisted as
eleventh out of fourteen less important uses for ammonia. Figure 1 is a simplified process diagram
for anmmonia manufacture. [Kirk-Othmer (1991)].

24114 Chlorine/Sodium Hydroxide

Chlorine and sodium hydroxide were the eighth and ninth largest volume chemicals
produced in the United Statesin 1989. Both are common constituents in the synthesis of
surfactant compounds and in other ingredients of General Purpose Cleaners. Chlorine and sodium
hydroxide are coproducts in the electrolysis of aqueous solutions of sodium chloride. The sodium
chloride sdlts are usually obtained by mining operations. In 1988 digphragm cells (non-mercury)
accounted for 76% of all U.S. production of chlorine, mercury cells for 17%, and membrane cells
(non-mercury) for 5%. [Kirk-Othmer (1991)].

2.4.1.2 Surfactants

The production processes for surfactants are interrelated, and several surfactants can be
made from either vegetable oil raw materials or petrochemicals. Figure 2 shows the production
routes for severa of the magjor surfactants. [Pittinger (1991)]. From thisfigure it can be seen that
most of the palm oil/palm kernel oil based surfactants also have petrochemical components. Fatty
acid methyl esters, the major intermediates for vegetable oil/tallow based surfactants are reacted
with methanol, made from natural gas, to produce acohols. Many of these alcohols are reacted
with ethylene oxide, produced from natural gas or petroleum, to produce ethoxylates. There are
some surfactants produced with little or no petrochemicals, including soaps and
alkylpolyglycosides.

Following are process descriptions for some of the more widely used surfactants that are
either not shown or not shown in sufficient detail on Figure 2.
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24.1.21 Linear Alkylbenzene Sulfonate (LAYS)

LAS s produced by the sulfonation of dodecylbenzene (commonly referred to as linear
alkylbenzene, LAB) with sulfuric acid or sulfur trioxide. Almost 90% of the dodecylbenzene
made is consumed in the manufacture of LAS. Dodecylbenzene is produced by the alkylation of
benzene with dodecene in the presence of an aluminum chloride catalyst. Dodecene can be
produced by the thermal cracking of wax paraffins to (alpha)-olefins [an (alpha)-olefinis a
hydrocarbon with a double bond between the first (alpha) and second (beta) carbon atoms).
Figure 3 isasimplified process diagram for the manufacture of LAS. [Lowenheim and Moran
(2975)].

24122 Nonylphenol Ethoxylate

Nonylphenol ethoxylate is manufactured by the ethoxylation of nonylphenol with ethylene
oxide. Ethylene oxide isawidely used ethoxylating compound, and is manufactured by the
oxidation of ethylene over asilver catalyst. Nonylphenol is produced by the akylation of phenol
using propylene trimer, a derivative of the (alpha)-olefin propene. Phenol can be made by several
oxidation processes which utilize toluene and derivatives of benzene as afeedstock. The most
common feedstock in the phenol process is cumene, which is an intermediate manufactured by the
alkylation of benzene with propene. Figure 4 isasimplified process diagram for the manufacture
of nonylphenol ethoxylate. [Wiseman (1972)].

24.1.2.3 Alcohol Sulfates

Alcohol sulfates are produced by the sulfonation of primary alcohols using sulfuric acid or
sulfur trioxide. The primary acohols used in the process can be derived from natural fatty acids
by hydrogenolysis, or they can be manufactured synthetically from ethylene. Most vegetable-ail
based alcohols are made by first converting the fatty acid in the triglyceride to its methyl ester by
alcoholysis with methanol, and then hydrogenating the methy! ester to the fatty acohol and
methanol. Fatty alcohols which are manufactured synthetically are obtained from ethylene by the
use of duminum trialkyls. Figure 2 shows these two pathways to alcohol sulfates. [Wittcoff and
Reuben (1980)].

24124 Alcohol Ethoxylate Sulfates

Alcohol ethyoxylate sulfates are produced by the sulfonation of alcohol ethoxylates using
sulfuric acid or sulfur trioxide. The acohol ethyoxylates used are manufactured by ethoxylating
primary fatty alcohols using ethylene oxide. The manufacture of fatty alcohols can be based on
either natural feedstocks or synthetic conversion of ethylene as described under in Section
2.4.1.2.3. Figure 2 shows these two manufacturing pathways.
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24125 Soap

The production of soap is carried out on alarge scale. The prevaent process of
manufacture is by the hydrolysis of triglycerides with sodium hydroxide. This method coproduces
glycerol and the sodium salt of the fatty acid (soap). The triglycerides used in soap manufacturing
are commonly derived from beef tallow and severa vegetable oils (i.e. coconut, palm, and palm
kernel ails). Figure5isasimplified process diagram for soap manufacturing. Talow istypically
used as a partial raw material for bar soaps, but it is not necessary for liquid soaps. [Adler
(2987)].

24.1.2.6 Cocamide Diethanolamine (DEA)

Cocamide DEA is manufactured by the condensation reaction of coconut oil (lauric acid)
and diethanolamine. Diethanolamine has been commercialy available for over 50 yearsand is
synthesized by reacting ammonia with ethylene oxide. 1n 1989 amost 50% of the ethanolamines
produced in the U.S. were consumed in the manufacture of surfactants, detergents, and personal
care products. Figure 6 is asimplified process diagram for cocamide DEA. [Kirk-Othmer
(2991)].

24.1.2.7 Alkylpolyglycosides (APG)

Alkylpolyglycosides are formed by the condensation polymerization of starch
intermediates and fatty alcohols. The starch intermediates are derived from corn-based
carbohydrates. The fatty acohols used can be derived from natural fatty acids, or they can be
manufactured synthetically from ethylene as described under Alcohol Sulfates. Figure 7 isa
simplified process diagram for akylpolyglycosides. [Rogers (1991)].

2.4.1.3 Solvents

24131 Pine Qil

Pine oil can be obtained from waste pine wood by destructive ditillation or by distillation
with superheated steam. Solvent extraction with aliquid hydrocarbon mixture is sometimes used
as asupplementary step. In all of these processes the volatile fraction obtained can be separated
into pine oil and turpentine. Although pine oil isinsoluble in water, it is emulsifiable when
combined with soap, sulfonated oil, or other dispersing agents.
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24.1.3.2 d-Limonene

d-limonene, sometimes used as a solvent in cleaners and sometimes as a fragrance, is
produced as a byproduct in the manufacture of citrus juice (primarily orange juice) by steam
distillation of the peels after pressing. Citrus oils obtained from this process are approximately
95% d-limonene.

24133 Ethylene Glycol Mono-n-Butyl Ether

Ethylene glycol mono-n-butyl ether is produced by reacting ethylene oxide with n-butanol.
The manufacture of n-butanol is primarily by the hydroformylation and subsequent hydrogenation
of propene. Only asmall portion of the production capacity for n-butanol is consumed in the
manufacture of glycol ethers. The mgority of n-butanol produced is used as a solvent in the
manufacture of lacquer. Figure 8 isasimplified process diagram for the manufacture of ethylene
glycol mono-n-butyl ether. [Wiseman (1972)].

24.1.34 Other Glycol Ethers

The only commercialy important route to glycol ethers now in use is the oxide-alcohol
route. In this process, glycol ethers are produced by the reactions of epoxides with alcohols. The
epoxides which are most often used are ethylene oxide and propylene oxide (propylene oxide is
manufactured by the chlorohydrin process. propylene is reacted with chlorine to produce
propylene chlorohydrin, which is dehydrochlorinated with lime or sodium hydroxide to give
propylene oxide and a salt). The selection of which epoxide and alcohol to use is determined by
which glycol ether product isdesired. As previoudly described, ethylene glycol mono-n-butyl
ether is manufactured from ethylene oxide and butanol. Similarly, ethylene glycol monoethyl
ether is manufactured from ethylene oxide and ethanol, and propylene glycol monoethyl ether is
manufactured from propylene oxide and ethanol.
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2414 Antimicrobials
24141 Quaternary Ammonium Compounds

A wide variety of quaternary ammonium compounds can be produced by the alkylation of
tertiary fatty amines using methyl chloride, benzyl chloride, or long chain chloroparaffins.
Alkyldimethylbenzyl ammonium chloride can be produced by the quaternization of the tertiary
fatty amine using benzyl chloride. Benzyl chloride is produced by the direct chlorination of
toluene, and approximately 12% of the production capacity is consumed by the manufacture of
guaternary ammonium compounds. [Lowenheim and Moran (1975)]. Dialkyldimethyl ammonium
chloride can be produced by the quaternization of the tertiary fatty amine using methyl chloride or
alonger chain chloroparaffin, depending upon the desired chain length of the alkyl groups. The
tertiary amine intermediates used in the manufacture of quaternary compounds can be derived by
the reductive alkylation of a primary amine using formaldehyde. The main process for the
preparation of primary fatty aminesis by the hydrogenation of nitrile intermediates which are
made by reacting ammonia with fatty acids. Figure 9 isa simplified process diagram for the
manufacture of quaternary ammonium compounds. [Kirk-Othmer (1991)].

24.15 Builders
24151 Ethylenediaminetetraacetic Acid (EDTA)

Ethylenediaminetetraacetic Acid (EDTA) is a chelating agent made by reacting
ethylenediamine with chloroacetic acid. The manufacturing of chelating agentsis amajor use of
ethylenediamine, which is produced aong with other mixed amines from ethylene dichloride and
ammonia. Ethylene dichloride used in the EDTA process is produced by the chlorination of
ethylene. The production of ethyleneamines accounts for approximately 2% of the production
capacity for ethylene dichloride. Most ethylene dichloride is used for PV C production.

Chloroacetic acid is used amost entirely as an intermediate in the manufacture of other
chemicals, mainly herbicides and carboxymethyl cellulose. Only asmall part (<10%) of the
production capacity is used in the manufacturing of EDTA. Chloroacetic acid is produced by the
chlorination of glacial acetic acid in the presence of a sulfur or red phosphorus catalyst. More
than 90% of the acetic acid used in this process is derived from either the direct liquid-phase
oxidation of butane or the oxidation of acetaldehyde. Over 95% of the acetal dehyde made is used
in the same plant in which it is produced, and over 80% of the acetaldehyde made is produced by
the direct oxidation of ethylene. Figure 10 isasimplified process diagram for the manufacture of
EDTA. [Lowenheim and Moran (1975)].
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24.15.2 Sodium Carbonate

The most important method of production of sodium carbonate is based on the mining of
trona. Tronaisanaturaly occurring form of sodium sesquicarbonate which can be found in large
deposits in the Green River basin of Wyoming. Mining techniques are based on similar coa
mining practices, with suitable modifications to accommodate the trona which is heavier and
harder than coal. The process used to purify the trona and produce essentially pure sodium
carbonate (99.9%) is basically an extraction process which uses water as the primary solvent.
Cyclone and centrifugation processes are used for the separation of the pure product.
Approximately 1.5 metric tons of tronaoreis required for the manufacture of one metric ton of
sodium carbonate. [L owenheim and Moran (1975)].

24.15.3 Sodium Bicarbonate

Sodium bicarbonate, more commonly known as baking soda, is produced by treating a
saturated solution of sodium carbonate and water with carbon dioxide. Product separation is
obtained through filtration and drying. Major material requirements for the production of one
metric ton of sodium bicarbonate (99.9% purity) include 690 kg of sodium carbonate and 300 kg
carbon dioxide. [Lowenheim and Moran (1975)].

24154 Sodium Phosphates

Different sodium phosphates are produced by variations in the processing of the reaction
products of phosphoric acid and soda alkalies. Since phosphoric acid istribasic, three sodium
salts are formed. These sodium salts can be processed in a variety of waysin order to produce
the desired sodium phosphate. Sodium tripolyphosphate is obtained by calcining a mixture of
monobasic and dibasic sodium orthophosphates. Likewise, sodium pyrophosphate is produced in
the form of both the anhydrous salt and the crystalline decahydrate by dehydrating dibasic sodium
phosphate in arotary kiln. The basic raw material requirements for producing sodium phosphates
are phosphoric acid, sodium carbonate, and sodium hydroxide. Sodium hydroxide is produced as
acoproduct of chlorine in the chlor-alkali process, and phosphoric acid is derived from the
processing of phosphate rock. [Lowenheim and Moran (1975)].

24.155 Sodium Metasilicate

A variety of sodium silicates can be produced by the fusion of silica (sand) and sodium
carbonate. Desired properties are obtained by properly adjusting the ratio of the reactants. A
molar ratio of oneis needed for the production of sodium metasilicate, which isacrystalline
compound that forms various hydrates. [Lowenheim and Moran (1975)].



24.1.6 Miscellaneous I ngredients

Manufacturing processes for miscellaneous ingredients, typically present in extemely low
concentrations, were not evaluated.

24.1.7 Packaging Materials
24171 High-density Polyethylene (HDPE)

High-density polyethylene is a thermoplastic polyolefin manufactured by the
polymerization of ethylene. HDPE has excellent chemical resistance to most household and
industrial chemicals. However, chemical attack can occur with certain classes of chemicals such
as aggressive oxidizing agents, aromatic hydrocarbons, and halogenated hydrocarbons. Almost
10% of al HDPE manufactured in 1991 was consumed in the production of blow molded bottles
for household products. [Modern Plastics (1992)]. Figure 11 isasimplified process diagram for
HDPE. HDPE isone of the fastest growing segments in plastics recycling, primarily due to its
ability to be reprocessed with minimal degradation of properties and its large scale usein
packaging applications. A typical recycling application includes 25% of post consumer recycled
material reprocessed with virgin HDPE for use in non-food contact bottles. [Modern Plastics

Encyclopedia (1992)].

24172 Polyethylene Terephthalate (PET)

Polyethylene terephthal ate is a condensation polymer manufactured from ethylene glycol
and either dimethyl terephthalate or terephthalic acid by a continuous melt-phase polymerization
process. Figure 12 isasimplified process diagram for PET. Terephthalic acid is produced by the
oxidation of para-xylene. Although PET is not as resistant to chemicals as HDPE, it does resist
weak acids and bases as well as many solvents. The predominant application for PET isin the
manufacture of carbonated soft-drink containers (34%), but approximately 17% of PET
production is utilized in the manufacture of containers for cosmetics, toiletries, pharmaceuticals,
food, and liquor. [Modern Plastics (1992)].
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24.1.7.3 Polyvinyl Chloride (PVC)

Polyvinyl chloride is manufactured by the polymerization of vinyl chloride monomer.
Approximately 97% of all vinyl chloride produced is consumed in the manufacture of polyvinyl
chlorideresins. Vinyl chloride monomer is primarily (93%) produced by the pyrolysis of ethylene
dichloride. The manufacture of vinyl chloride accounts for 77% of the production capacity of
ethylene dichloride. Ethylene dichloride is manufactured by the direct chlorination of ethylene.
Figure 13 isasimplified process diagram for PVC. [Lowenheim and Moran (1975)]. About 65%
of PVC manufactured is consumed by the building and construction industry. Only about 2% of
the PV C manufactured in 1991 was used for the production of blow molded bottles. [Modern
Plastics (1992)].

2.4.2 Health and Environmental Issues|n Raw M aterials Extraction

2421 Sur factants

Asdiscussed in Section 2.4.1, there are two general types of raw materials for the
surfactants used in General Purpose Household Cleaners. petrochemicals and vegetable oils. The
extraction of both of these types of raw materials produces environmental impacts.

Most of the major surfactants used are based upon petrochemical feedstocks, athough
some of these can be made from either petrochemical or natural feedstocks. The most widely used
surfactant, LAS, is based entirely upon petroleum, and a so utilizes sodium hydroxide and sulfur
as raw materias. Nonylphenol ethoxylates are aso based totally upon petrochemicals.

The alcohol component of alcohol sulfates, alcohol ethoxylates, and acohol ethoxylate
sulfates can be made from either petroleum or natural feedstocks. The principa difference
between the natural oil based surfactants in these groups and the petrochemical based surfactants
is the source of the acohol portion of the AE and AES, since AE and AES dll rely upon ethylene
oxide made from petroleum and natural gas for their ethoxylate portions.

All of these surfactants, whether natural oil or petrochemical, rely upon sulfur and sodium
hydroxide as raw materials. The raw materia for sodium hydroxide is typically sodium chloride
brine from underground salt deposits.

Similarly coconut DEA is a combination of coconut oil, ethylene oxide, and ammonia. The

ethylene oxide is derived from natural gas or petroleum, and the ammoniais typicaly derived
from natural gas.
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Alkylpolyglycosides are typically made from mostly natural feedstocks, using corn sugars
and vegetable or animal oils, but their fatty alcohol portion probably requires the use of methanal,
which is petrochemically derived. Methanol could be derived biologicaly by fermentation of plant
material. Soap is made from either vegetable oils or animal fats and sodium hydroxide.

Franklin Associates recently performed a Life Cycle Inventory for Proctor & Gamble
concerning the following surfactants: petrochemical-based LAS, AS, AE, and AES; palm-oil-
based AS, AE, AES, and MES; pam-kernel-oil-based AS, AE, and AES; and tallow-based AS,
AE, AES, and MES. The full reports were not furnished to UT by P& G, so it would not be
appropriate to fully rely upon the reported results. The results have been reported in a paper
authored by P& G employees and Franklin employees. [Pittinger (1991)].

In the report, raw materials extraction energy use for petrochemical surfactants was higher
than for palm/palm kernel oils. Transportation energy for transporting palm/palm kernel fruit and
oil was higher than for transporting crude petroleum oil and natural gas, but the distance assumed
for palm/palm kernel oil from tree to refinery seems alittle excessive (200 km).

For petroleum-based feedstocks, the principal pollutants were hydrocarbon air emissions,
oil and dissolved solids water discharges, and a small amount of solid waste. For the natural gas
components of surfactants, the principal pollutants were hydrocarbon air emissions and oil and
grease and dissolved solids water discharges.

It is unclear from the P& G report whether major oil spills were factored into the oil
discharges for petroleum extraction. Assuming that the hydrocarbon air emissions from natural
gas extraction are natural gas, these releases may contribute to global warming, since natural gas
is agreenhouse gas.

Pollution in the growing and harvesting of palm fruit was primarily air pollution from the
burning of plant material at the oil pam plantations, mills and kernel crushing facilities. These
emissions included a much lower amount of hydrocarbons than the emissions from either
petroleum extraction or natural gas extraction. [Pittinger (1991)].

Most of the palm/palm kernel oils currently used are being produced in the Philippines and
Malaysia, where the clearing of tropical rainforests for palm plantations may be an issue.
Approximately 90% of the market for these oils, however, isfor preparation of foods, and a major
increase in the use of these oils for surfactant production for General Purpose Cleaners would not
significantly affect overall demand and land use. [Pittinger (1991)]. Furthermore, other countries
have been expanding their production, including Indonesia and West Africa, the region where the
oil palm originated. [Biermann (1987)].

The production of corn for use in polyglycosides or for cattle feed for tallow-based soap

or surfactant production causes runoff of pesticides and fertilizers into surface waters and ground
waters. Fertilizer production for growing corn was a major energy user and water polluter in the
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P& G report, and feedlot operations were reported as emitting nitrogen and organic sulfur to the
atmosphere. [Pittinger (1991)].

The renewability/sustainability issues with regard to petroleum and natural gas for
production of surfactants for General Purpose Cleaners are not judged to be significant. The
amount of petroleum and natural gas used to produce surfactantsis trivial in comparison to the
amount that is used to produce fuels burned for transportation, space heating, cooking, and
production of electricity. Furthermore, severa of the surfactants commonly based on palm/pam
kernel oils have petrochemical components, so these still rely upon the use of non-renewable
resources.

Finally, the environmental impacts of salt mining and salt brine extraction for sodium
hydroxide production for soap manufacture and for production of LAS are primarily solid waste
generation and energy use, according to the P& G report. [Pittinger (1991)].

24272 Builders

The production of phosphate chemicalsis based amost entirely on the mining of
phosphate rock. Phosphate mining in the U.S. is carried out predominantly in parts of Florida and
Idaho. In 1985 there were an estimated 34 active mining sites in these two areas which were
responsible for the generation of 518 million metric tons of waste annualy, with an existing
16,599 million metric tons of waste already on site. [EPA (1985)]. A primary concern isthe
presence of radionuclidesin thiswaste. Naturally occurring radionuclides in mining wastes may
pose aradiation hazard to human health if concentrations of the radionuclides are high enough to
produce significant concentrations of hazardous decay products or if the waste isused in
construction or land reclamation. Almost 68% of the annual waste produced by phosphate mining
is estimated to have aradioactivity level of 5 picoCuries/gram for Radium 226. There also exists
apotentia for the ateration of surface and subsurface flow patterns, and for water quality
degradation by several constituents: arsenic, cadmium, chromium, copper, lead, molybdenum,
selenium, vanadium, zinc, uranium, radium-226, nitrogen, and phosphorus. For instance, the
collapse of a phosphate tailings dike in Floridain 1971 resulted in a massive fish kill and pollution
over a120-kilometer stretch of the Peace River. [EPA (1985)]. A recent survey of the phosphate
mining industry has reported that mining operations are not creating a significant impact on
surface and ground waters [EPA (1985)].

Mining of trona ore (sodium sesquicarbonate) for sodium carbonate creates impacts
similar to underground coal mining in the Western United States. The ore contains only about 5%
impurities, so the processing is probably relatively clean. [Lownheim and Moran (1975)].

Sodium silicates are produced by the fusion of sand and sodium carbonate in a glass
furnace. The extraction impacts would therefore be similar to those of sodium carbonate.
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One of the major organic buildersis EDTA, which relies upon natural gas or petroleum
for the ethylene raw material, salt mining for production of chlorine, and ammonia produced from
natural gas. Therefore, the impacts of petroleum extraction, natural gas extraction, and salt mining
should be ascribed to the use of this builder.

The two main raw materials for sodium citrate are molasses and sodium carbonate. The
impacts of sodium carbonate mining have been discussed above. Molassesis generally produced
from sugar crops, such as beets or cane. Raw materials impacts would include fertilizer and
pesticide use and soil erosion and runoff.

24.2.3 Solvents

The most common solvents used in General Purpose Cleaners are alcohols (isopropanol,
ethanol), glycol ethers (ethylene glycol monobutyl ether, propylene glycol methyl ether), d-
limonene, and pine ail (also used as a disinfectant).

Alcohols could be derived from natural feedstocks, but most industrial acohols are made
from petroleum or natural gas. Impacts of petroleum and natural gas extraction have been
discussed above. Their use for alcohols and glycol ethersis also too small to raise
renewability/sustainability issues as compared to their fuels use.

The citrus ail d-limonene is made from orange peels as a byproduct of orange juice
extraction, and pine oil is made from waste wood chips in the pulp and paper industry. Although
both citrus oil and pine oil could be viewed as reclaimed waste materials, their economic use has
been well-established, so a portion of the environmental impacts of orange growing and
harvesting Southern pine growing and harvesting must be ascribed to these materials. This would
include fertilizer and pesticide runoff. In addition, orange groves have taken over wetlands areas
in Florida, and thousands of acres of Southern hardwood forests have been converted into pine
tree farms.

2424 Antimicrobials

The most commonly used antimicrobial in the General Purpose Cleaner subclassis pine
oil, which was discussed above. Two others are encountered: quaternary ammonium chloride
compounds and sodium hypochlorite. Quaternary ammonium chloride compounds are based
primarily on petroleum and natural gas, but also have afatty acid component, which can be either
natural oil based or petrochemical based. One of the most commonly used quaternary ammonium
compounds is dimethyl alkylbenzylammonium chloride, which is produced from petrochemicals.

Sodium hypochlorite is produced from sodium chloride brine from salt mining, as
discussed above in Section 2.4.2.1, in the paragraph dealing with sodium hydroxide.
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24.25 Miscellaneous

Most of the miscellaneous ingredients, such as fragrances and dyes, are present in too
small levelsto present significant issues for raw materials extraction. An exception is the towlette
cleaners, which utilize paper for the disposable towlettes. This use of paper may not be remotely
comparable on a volume basis to the daily newspaper, but there is little justification for the use of
the disposable towlettes in a household cleaner when a sponge or a cloth can perform the cleaning
function quite well.

2426 Packaging

HDPE, PET, and PV C each have petroleum and/or natural gas as their raw materias, with
their attendant extraction impacts. These impacts can be mitigated by recycling. The
renewability/sustainability issues are not judged to be significant, since the fraction of petroleum
and natural gas used for plastics manufacturing is not significant relative to the amount burned as
fuel.

For PV C manufacturing, chlorine is produced from sodium chloride brine, as discussed
above. Cardboard is produced from wood pulp, primarily tree farm grown hardwoods and
softwoods, which create erosion runoff and critical habitat impacts. Most secondary packaging is
also cardboard. Recycling of paper and cardboard mitigates these impacts.

Household cleaners were previously packaged in glass bottles produced from sodium
carbonate and sand. From araw materials standpoint, glass probably presents less significant
environmental impacts than the plastics now used on a per pound basis. Glass containers,
however, weigh approximately eight-to-ten times as much as a comparably sized PET container,
requiring more energy and generating larger gross quantities of air emissions, water pollution, and
solid wastes on a per container basis. [Franklin Associates (1989)].

2427 Conclusions

The most significant raw materials extraction issues presented by General Purpose
Household Cleaners are those associated with the extraction of petroleum and natural gas, on the
one hand, versus those associated with the growing and harvesting of natural materials, such as
pam fruit, corn, and pine trees, on the other. With even a small portion of the damage from an
Exxon Valdez or anatural gas explosion attributed to petrochemical-based ingredients of
household cleaners, there might be a clear-cut difference. But many of the ingredients that are
derived from natural materials, such as several surfactants, have petrochemical portions, and all of
the natural materials also utilize petroleum as fuels in transportation or as raw materials for
fertilizers and pesticides. These facts tend to blur any differences that might be seen in this
gualitative evaluation.
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The renewability/sustainability issues are not significant for the raw materials for General
Purpose Cleaners, because the use of non-renewable resources, such as petroleum and natural
gas, for various components of these cleanersisinsignificant in comparison to fuel uses. More
information is needed on the tropical rain forest clearing in Maaysia and the Philippines before it
can be determined if thisis a significant issue with palm and coconut oils.

In terms of overall raw materials impacts, cleaners based upon vegetable oil soaps, with
little else, appear to be superior. They have the fewest raw materials--just vegetable oil and
sodium hydroxide--and no petrochemical components. Of course, the vegetable oil chosen and the
place and manner in which it is produced may create localized impacts, such as fertizer runoff,
energy use, and destruction of critical habitats. For builders, sodium carbonate, sodium
bicarbonate, and sodium citrate avoid the impacts of petroleum extraction, but each involve
mining operations. For solvents, extraction of pine oil and d-limonene probably have significantly
less impacts than solvents based on petrochemicals, since they are byproducts of other natural
products.

2.4.3 Health and Environmental |ssuesin Raw Materials Processing

For the General Purpose Cleaners raw materials processing involves the conversion of raw
materials into the actual ingredients that are blended and packaged to produce the final product.
The production of the packaging is also considered raw materia processing for this purpose.

2431 Surfactants

Asdiscussed in Section 2.4.1.2, most surfactants used in General Purpose Cleaners are
manufactured from petrochemicals, from vegetable oils, or from a combination of both. No
surfactant manufacturing process is without environmental impacts and energy use, athough the
environmental impacts are qualitatively different for surfactants made exclusively from vegetable
oils versus those with petrochemical components.

Linear alkylbenzene sulfonate (LAS), the most widely used surfactant, is based upon
benzene, a confirmed human carcinogen. During the process of producing benzene from crude
petroleum, benzene is released into the air from process emissions and from equipment leaks.
EPA has estimated that there are approximately 0.13 pounds of benzene emitted into the air for
each ton of benzene produced. [EPA (1990)]. The production of linear alkyl benzene from
benzene results in further benzene emissions of approximately 0.59 pounds per ton of linear
alkylbenzene produced. [EPA (1990)]. In addition to benzene, petroleum refineries also release
severa other hazardous air pollutants, including aldehydes, ammonia, benzo(a)pyrene, biphenyl,
carbon monoxide, ethyl benzene, formaldehyde, naphthaene, xylene, and toluene. They also add
tremendously to the volatile organic compound loading in the lower atmosphere contributing to
photochemical smog.



Petroleum refineries are sources of significant water pollution, including oil, phenols,
biological oxygen demand, chemical oxygen demand, ammonia, and chromium. They also
produce significant quantities of solid waste. [Pittinger (1991)].

Other surfactants rely upon the petroleum refining process for paraffin compounds,
aromatics, methanol, and in part, for ethylene oxide. Most ethylene oxide is produced with natural
gasin the United States. For instance, nonylphenol ethoxylates rely upon phenol, produced from
toluene and benzene, and propylene and ethylene, produced from straight-chain cuts from the
distillation of crude oil or natural gas. In addition to the releases during benzene production,
approximately 0.07 pounds of benzene are released for each ton of phenol produced, and the
production of ethylene from petroleum releases approximately 2.39 pounds of benzene per ton of
ethylene, as well as 0.90 pounds per hour of ethylene. [EPA (1990)].

Surfactants that rely upon palm/palm kernel oils also create environmental releases during
production. The P& G LCA shows air and water releases and solid waste generation from
palm/palm kernel oil production and refining that exceed those of petroleum refining on a per
1000 kg of product basis. [Pittinger (1991)]. This seems unlikely, unless the difference is the lack
of emissions controls on pam oil production in Malaysia and the Philippines. Nevertheless, the
palm/palm kernel oil releases would not include most of the toxic compounds released during
petroleum refining.

As has been previously mentioned, some surfactants that rely upon vegetable oils as raw
materias are made into alcohols by reaction with methanol and ethoxylated using ethylene oxide,
which is produced from ethylene. Again, ethylene is petrochemically derived and resultsin the
release of benzene and ethylene to the air. Ethoxylation of the different alcohol compounds,
whether natural or petrochemical also releases hydrocarbons and ethylene oxide to the air.
[Pittinger (1991)]. Ethylene oxideis considered a potential carcinogen by the National
Toxicology Program and by the State of Californiain regulations promulgated under the Safe
Drinking Water and Toxic Enforcement Act of 1986.

Methyl ester sulfonate is derived from methanol, which is produced from natural gas,
resulting in releases of hydrocarbons and requiring significant amounts of energy. [Pittinger
(1991)]. Methanal could be derived through fermentation, reducing rel eases associated with
natural gas processing. Methyl ester production also releases methanol to the air. [Pittinger
(1991)].

Many of the surfactants used are sulfated or sulfonated. This releases sulfur dioxides to

the air, which are precursors of acid rain, although this sourceis relatively small compared to
burning coal for energy production.
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24.3.2 Builders

One of the principal builders used in household cleaners, EDTA, is manufactured using
ethylenediamine and chloracetic acid as intermediates. Ethylenediamineisalung irritant and a
potent sensitizer, which is manufactured from ethylene dichloride, a potential carcinogen and
neurotoxin. [HSDB (1992)]. Ethylene dichloride is released during the production of the chemical
itself, and EPA has estimated that approximately 18 |bs./ton is released during the production of
ethyl amines. [EPA (1990)]. Chloroacetic acid is produced from the chlorination of acetic acid.
Workers exposed to chloroacetic acid on skin may die if more than 3% of the skin isinvolved. It
isalso astrong lung irritant. [HSDB (1992)].

Other builders, such as sodium citrate, sodium carbonate, sodium bicarbonate, and sodium
metasilicate utilize relatively non-toxic substances in manufacturing and do not create significant
releases of toxic chemicals. Energy used during production of sodium metasilicate (similar to
glass furnaces) is significant, ranging around 500 Btu per pound, creating attendant emissions.
[Lowenheim (1975)].

2.4.3.3 Solvents

Of the solvents used, glycol ethers pose the most significant health and environmental
issues during processing. Ethylene glycol mono-n-buty! ether is produced by reacting ethylene
oxide with n-butanol. Other glycol ethers are also produced by reacting ethylene oxide with
alcohols. [HSDB (1992)]. Ethylene oxide is a potential carcinogen, which is released during the
production of the compound itself and during the production of glycol ethers. 1sopropyl acohol
is produced mostly by the sulfuric acid oxidation of propylene. [SRI (1991)]. This processis
based upon petroleum refining, with its attendant releases, and also rel eases propylene during the
oxidation step. [EPA (1990)].

Pine oil and d-limonene are produced by processes that may be somewhat energy intensive
and release some VOCs, but deal with simple stepsinvolving relatively non-toxic materials.

2434 Antimicrobials

The quaternary ammonium compounds used in some General Purpose Cleaners require
the use of either a potential carcinogen or a neurotoxin in their manufacturing: benzyl chloride and
methyl chloride, respectively. [Sax (1987)]. Benzyl chloride is aso made from toluene, the
production of which results in benzene rel eases from petroleum refining. [HSDB (1992); EPA
(1990)].

Pine oil and sodium hypochlorite are also used as antimicrobias. Pine oil was discussed
briefly above. The releases of VOCs during pine oil processing are not judged to be significant as
compared to toxic air pollutants released from other processes. Sodium hypochlorite
manufacturing depends on the chloralkali process, with its high energy use, mercury releases
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(from some plants), and chlorine releases. [EPA (1990)]. Energy use in the chloralkalai process
has been estimated as 12,000 Btu per pound of sodium hydroxide. [Lowenheim (1975)].

2435 Packaging

All of the packaging options have significant process impacts, which emphasizes the
importance of recycling to mitigate those impacts. HDPE production results in the release of
ethylene and other hydrocarbons. PET production includes the petroleum refining process for
production of xylene, creating benzene releases and releases of other hazardous air pollutants.
[EPA (1990)]. PET production isfar more energy intensive, requiring approximately 47,000 Btu
per pound as compared to approximately 1,200 Btu per pound for HDPE. Recycling reduces
energy consumption for both plastics. Recycled PET saves nearly one half the energy of
producing a bottle from virgin material. Using 25% post-consumer HDPE content saves about
28% as compared to virgin. [Franklin (1989); Kuta (1990)].

Cardboard packaging creates wastewater, air emissions, and solid waste from paper mills,
which can be significant. Most cardboard used for packaging is made from unbleached pulp, so
chlorinated organics are not released to air (chloroform) and water (TCDD) as with pulp bleached
with chlorine and its derivatives.

In our judgment the production of polyvinyl chloride (PVC) packaging presents the most
significant processing impacts of the packaging materials considered. PV C is based upon vinyl
chloride monomer, a proven human carcinogen. Workers in vinyl chloride plants exposed to low
levels of this compound are at increased risk of developing angiosarcoma, a rare cancer of the
liver. [HSDB (1992)]. Vinyl chloride is also released to the air during the manufacturing process,
asis ethylene dichloride, a suspected human carcinogen. [EPA (1990)]. Hazardous wastes
produced from PV C manufacturing also may contain vinyl chloride monomer. [See 40 C.F.R,,
Part 261, App. VII].

24.3.6 Energy

All of the ingredients and packaging options for General Purpose Household Cleaners
require energy for processing and transportation. Based upon a cursory review of the processes,
the most energy-intensive ingredients are judged to be those based upon the use of sodium
hydroxide and chlorine, and any based upon petrochemicals, including packaging materials.
2437 Conclusions

We judge this phase of the product life cycle for General Purpose Household Cleaners to
be one of most significant for reducing potential health and environmental impacts. In this phase,
some clear distinctions can be made among product formulations and packaging materials.

Severa of the ingredients used in General Purpose Household Cleaners are based upon

67



intermediates that are highly toxic and hazardous to human health and the environment. Of these,
benzene-based surfactants, ethoxylated surfactants, EDTA builders, glycol ether solvents, and
guaternary ammonium compound disinfectants pose the most significant impacts.

Manufacturing of the packaging used for General Purpose Household Cleaners also
creates significant impacts, which can be reduced by use of recycled materials. Of the packaging
alternatives in use, PV C poses qualitatively the most significant impacts because of the releases of
vinyl chloride monomer and the ethylene dichloride intermediate.

2.4.4 Health and Environmental Issuesin Product M anufacturing

The actual manufacturing of most finished Genera Purpose Cleaners requires little other
than blending and packaging the processed raw materials. Therefore, this phase of the product life
cycle does not present significant health and environmental issues in comparison to the processing
of those raw materials and the production of the packaging materials. An exception isthe
processing of powdered cleaners, which require spray-drying for granulation with significant
energy use. Thisenergy use, however, is countered by significantly less energy use in distribution
(See Section 2.4.5).

2.45 Health and Environmental Issuesin Product Distribution

The biggest distribution issue for General Purpose Cleanersis the weight of water that is
shipped with the active ingredients adding greatly to the use of energy in product distribution and
the volume of packaging. Use of petroleum fuels for transportation results in depletion of a non-
renewable resource, in releases of hazardous pollutants and VOCs during the refining process, as
discussed in Section 2.4.3.1 above, and in emissions of VOCs, carbon dioxide, carbon monoxide,
and nitrogen oxides during combustion in internal combustion engines.

For some Genera Purpose Household Cleaners, around 90% of the weight of the

formulation is water. Therefore, nearly 90% (when the weight of the container is factored in) of
the transportation energy used in distribution is for transporting water.
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2.4.6 Health and Environmental Issuesin Consumer Use of Product

Theissuesinvolved in consumer use of General Purpose Household Cleaners are health
and safety issues for the consumer exposed to the product during use, any releases of volatile
organic compounds during the use of the product, and energy use in dilution of the product with
hot water. Down-the-drain disposal of the cleaner ingredients after useis discussed in section
2.4.7 under post-use disposal.

Material Safety Data sheets were reviewed for several General Purpose Household
Cleaners. MSDSs are prepared in accordance with the OSHA Hazard Communication Standard,
which has specific requirements for the types of hazards that must be listed and the compounds
that are considered hazardous. Ingredients that are not considered hazardous under the Hazard
Communication Standard are not required to be listed. In general, hazardous ingredients need not
be listed if they are present at less than 1% concentration, unless they are carcinogens, in which
case they must be listed if present at greater than 0.10%.

The MSDS sheets for most of the General Purpose Household Cleaners designated the
products as potentia eye, skin, or mucous membrane irritants. They all warned against ingestion
and prolonged skin contact, but the potential effects of ingestion or prolonged skin contact listed
were typicaly mild and reversible.

2461 Surfactants

The commonly used surfactants are relatively non-toxic for human exposure, but some are
skin, mucous membrane, and eyeirritants. [Bartnik (1987)].
2.4.6.2 Builders

Some of the commonly used builders can be particularly irritating to skin, eyes, mucous
membranes, and the lungs. These include sodium hydroxide and sodium sulfate. Others are
relatively non-hazardous. Sodium citrate is commonly used as afood additive, sodium bicarbonate

is baking soda, and sodium metasilicate is nearly asinert as glass. [HSDB (1992)].

One builder, nitrilotriacetic acid (NTA), used widely in Canada, is not used in the United
States because it has been shown to be carcinogenic in animal tests. [Sax (1987); NTP (1991)].
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2.4.6.3 Solvents

The most common solvents used in General Purpose Household Cleaners are glycol
ethers, which are used most frequently in the spray cleaners. The glycol ethers commonly used,
butoxy ethanol (ethylene glycol mono-n-butyl ether), butyl diglycol (diethylene glycol mono-n-
butyl), and dipropylene glycol monomethy! ether, give rise to concerns for prolonged exposure by
inhalation and skin contact during cleaning and through possible ingestion by children.

The OSHA Permissible Exposure Limit and the ACGIH Threshold Limit Value for butoxy
ethanol are 25 ppm for vapor in air, and 121 mg/cubic meter for skin absorption. Exposures of
humansin air to levelsin the 300-600 ppm range for several hours can cause respiratory and eye
irritation, central nervous system depression, and damage to kidney and liver. Blood abnormalities
and bone marrow damage may also result from overexposure. Because it absorbs rapidly through
skin, overexposures are more likely to occur from skin exposure than inhaation. [HSDB (1992)].

The LD, of butoxy ethanol in rat by oral administration is 1.48 g/lkg. The dermal LD, is
0.4 g/kg. Theinhalation LC,, is 450 ppm in rats exposed for 4 hours. [HSDB (1992)]. These
levels make butoxy ethanol toxic under Consumer Product Safety Commission regulations. [16
C.F.R. §1500.3(c)(2) (1991)].

Butyl diglycol is moderately toxic in repeated small doses orally, by inhaation, or by skin
absorption. It is not absorbed through the skin as rapidly as butoxy ethanol. Central nervous
system effects, tachypnea, and dight uremia were reported following human ingestion of 2 ml/kg.
[HSDB (1992)].

In animals the acute oral toxicity of butyl diglycol isrelatively low, but repeated dosage
may cause lesions of the kidney. The LD, in rat by oral administration is 6.56 g/kg and 2.00 g/kg
in the guinea pig. Among rats given 3-5% in drinking water for 3-5 days, the maximum dose
having no effect was 0.051 g/kg, and 0.65 g/kg caused kidney lesions. [HSDB (1992)]. Although
therat oral LD, of this compound is above the number specified for the definition of toxic under
Consumer Product Safety Commission regulations, [16 C.F.R. § 1500.3(c)(2)], the results with
guinea pigs and the fact that repeated dosage may cause kidney lesions gives rise to toxicity
concerns for usage in the home.

Another glycol ether that is commonly used is dipropylene glycol monomethyl ether. It is
acutely less toxic than butoxy ethanol, and in the range of toxicity of butyl diglycol. The
Threshold Level Value for dipropylene glycol monomethyl ether in air and the OSHA Permissible
Exposure Limit are 100 ppm. The skin exposure limit is 600 mg/cubic meter. [HSDB (1992)].
The LD, intherat by oral administration is 5.35g/kg and in the rabbit by dermal administration is
9.5 g/kg. [HSDB (1992)] Although these levels would not cause this glycol ether to be defined as
toxic under CPSC regulations, the fact that OSHA has set a permissible exposure limit for
inhalation and for skin absorption give rise to concerns as to toxicity when used in the homein
high concentrations.
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Pine oil is another solvent that can present toxicity concerns, particularly when present in
high concentrations. Pine oil is considered moderately toxic to humans. It can cause severe
irritation of the skin and eye burns. Systemic effects of ingestion include weakness and central
nervous system depression, with hypothermia and respiratory failure. [HSDB (1992)]. The LDx,
for therat by oral administration is 5.17 g/kg and is 12.08 g/kg in the mouse. [RTECS (1992)].
With these levels pine oil would not be considered toxic under CPSC regulations, but the reported
systemic effects and potential for skin and eye burns give rise to concerns as to toxicity when used
in the home.

The other natural solvent, d-limonene, has come under scrutiny by the National
Toxicology Program. d-limonene is a constituent in orange juice at an average concentration of
100 ppm and is also used as a flavoring ingredient in foods and beverages. Because of this
widespread human exposure, the National Toxicology Program performed short-term and long-
term toxicity testing with d-limonene. In atwo-year study with rats and mice, there was clear
evidence of carcinogenicity (kidney tumors) in male rats, but no evidence in female rats, mae
mice, or femae mice. [NTP (1990)]. Under carcinogen ranking systems this finding does not
place d-limonene in the possible human carcinogen category, particularly since kidney tumors are
often found in the species of male rat tested with no such findings in any other mammal species
tested. No indication was found that the status of d-limonene as afood additiveis being
changed.

Some solvents in high enough concentrations can cause a cleaner to be flammable or
combustible. One cleaner, which was a combination of pine oil, isopropanol, surfactants, and
water, had alisted flash point of 101" F. Consumer Product Safety Commission regulations call
substances flammable where the flash point is 20 - 100" F. Several cleaners containing solvents,
including d-limonene, and pine oil are considered combustible (flash point 100 to 150" F).

Severa products contain solvents that may be VOCs. Volatile organic compounds are
precursors to photochemical smog, and the VOC content of certain consumer productsis tightly
regulated in locations such as Southern California. Regulatory definitions of VOCs apply to any
volatile organic chemical compounds that contain the element carbon, excluding methane, some
chlorinated solvents, and most CFCs, HCFCs and fluoromethanes. Some General Purpose
Household Cleaners may contain VOCs at levels that would exceed Californiaair pollution
regulations for paints, coatings, inks, and adhesives. [ South Coast Air Quality Management
District (1991)].

Some General Purpose Cleaners are packaged as aerosols, with butane or propane

propellants. These propellants are extremely flammable. Butane and propane are also volatile
organic compounds (VOCs) contributing to photochemical smog.
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246.4 Antimicrobials

Pine oil is commonly used as an antimicrobial, and its potential health and safety effects
were discussed in the section on solvents. Two other antimicrobials commonly used in General
Purpose Household Cleaners, are quaternary ammonium compounds and sodium hypochlorite.

One of the more commonly used quaternary ammonium compounds is akyl
dimethylbenzylammonium chloride, also called benzalkonium chloride. It dso quaifiesas a
cationic surfactant. This compound has been used in less than 0.1% concentrations as wetting
solutions and cleaners for contact lenses and in eye drops; in concentrations of less than 0.05% for
irrigation of the vagina; and in varying concentrations in topical antiseptics. [HSDB (1992)].

Genera Purpose Household Cleaners including this compound as an ingredient and
making disinfectant claims must be registered with the EPA as pesticides under FIFRA.
Concentrations of benzalkonium chloride found in General Purpose Cleaners surveyed range up to
2.7% [EPA (1991)].

Two human deaths have been reported from administration of a 10% solution and a 15%
solution of akyl dimethylbenzylammonium chloride as an 1V injection. Heart failure and kidney
failure have been reported as causes of death in humans exposed to high doses of quaternary
ammonium compounds. Skin absorption is probably insignificant, however. [HSDB (1992)].

The LD, of dkyl dimethylbenzylammonium chloride in the rat by oral administration has
been reported as 240 mg/kg, classifying this compound as toxic under CPSC regulations. [RTECS
(1992)]. One case report associated the use of a 1% solution of the compound on the floor of a
dog pen with lesions in the paws, hypersalivation, vomiting and depression of the central nervous
system. [HSDB (1992)].

Sodium hypochlorite is less toxic than the quaternary ammonium chlorides. The ora LDy,
in mice has been reported as 5,800 mg/kg, placing it as non-toxic under CPSC regulations.
[RTECS (1992)]. At least one death of a child has been reported from ingestion of a"few
tablespoons” of liquid household bleach containing sodium hypochlorite. [HSDB (1992)].
Furthermore, if sodium hypochlorite is mixed with ammonia compounds and drain cleaner
compounds (labels warns against this) toxic gas can be generated. [HSDB (1992)].

2465 Packaging

The only packaging issue for consumer use is the labeling of the product. While consumer
product labeling regulations do not require afull listing of all product ingredients, consumers need
this information to make more informed choices about the products they purchase. A truly
environmentally superior product would provide complete ingredient information on the label,
except for ingredients whose identities are legitimately proprietary.
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24.6.6 Energy

Some General Purpose Household Cleaners are made to dissolve in water for cleaning (so-
called "bucket cleaners’, either powders or liquids). Although the use instructions may not call for
it, many users mix these cleaners with hot water with the goal of improving the solubility of the
cleaner and the cleaning performance. According to a preliminary report of the results of alife
cycle inventory of hard surface cleaners performed by Franklin Associates for Proctor & Gamble,
the energy use for heating this water may be one of the most significant sources of environmental
impacts for these cleaners. [Kuta (1992)].

The LCA found that 46% of the total air emissions for atypica commercia formulation of
a hard surface cleaner on an aggregated mass basis were associated with the use of hot water in
the cleaning solution at time of use. The percentage of total solid waste generation associated
with heating the water was 30%, and the percentage of total water pollutant discharges for the
hot water was 13%.

While life cycle inventory results aggregated on a total mass basis for air pollution, water
pollution, and solid waste generation, miss important qualitative differences among specific
pollutants (e.g., a pound of dioxin versus a pound of carbon dioxide), the reported results show
that energy use for hot water in bucket cleaning is probably a significant part of the impacts of the
products.

24.6.7 Conclusions

Some ingredients of General Purpose Cleaners create potentia health and environmental
impacts during consumer use. Although cleaners on the market are generally safe for consumer
use, many contain hazardous ingredients that may not be necessary for product performance.

Surfactants and builders (with the exception of NTA) are relatively non-toxic, but can till
irritate skin, eyes, and mucous membranes. Glycol ether solvents, particularly ethylene glycol
mono-n-butyl ether, can be toxic by inhalation and skin absorption. Pine oil and d-limonene
solvents aso irritate skin, eyes, and mucous membranes and are combustible in high
concentrations. Aerosol cleaners usualy contain propane and butane, which are highly flammable.
Antimicrobias, such as quaternary ammonium chlorides and sodium hypochlorite are potentially
toxic if high exposures occur, and may not add much to the performance of a General Purpose
Household Cleaner.

Finally, General Purpose Cleaners that require or recommend hot water for dilution and
use create energy impacts from water heating that form a significant part of the total impacts for
the cleaners.

2.4.7 Health and Environmental |ssuesin Post-Use Disposal
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2471 Sur factants

Most General Purpose Household Cleaners are made to be disposed of down the drain
after use, although others are smply wiped on surfaces and allowed to evaporate. The major
ingredients in most General Purpose Household Cleaners are surfactants. While the amount of
surfactants disposed of down the drain through the use of household cleanersisfar less than the
amount disposed of through the use of laundry detergents, the environmental issues are the same.
Do the surfactants biodegrade? Or do they build up to potentially harmful or objectionable levels
in surface waters and ground waters?

Surfactants vary in their toxicity to aquatic organisms. Table 17 shows the aquatic toxicity
for some of the more commonly used surfactants. [Schwarz (1987); Rogers (1992)].
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TABLE 17: ACUTE TOXICITY OF SURFACTANTS TO AQUATIC LIFE

Surfactants Fishes Daphniae Algae

LC, LC, (growth inhibition)
[mg/l] [mg/l] NOEC? [mg/l]
CusLAS 3-10 8-20 30- 300
C4.15-8-Ol€fin sulfonates 2-20 5-50 10- 100
Fatty alcohol sulfates 3-20 5-70 60
Alcohol ether sulfates 14-20 1-50 65
Alkane sulfonates
-Cia15Upto Cgsq 2-10 4-250
-Ciigand Cyg 1-2 0.7-6
Soaps
OEd 6.7 -
5ed 20- 150 - 10-50
Fatty acohol polyethyleneglycol ethers
-Coyt0Cyiyss
-2-10EO 0.25-4 2-10 4-50
-10EO 1-40 4-20 -
- C16-18
-2-4EO 100 20-100
-5-7EO 3-30 5-200
-10-14EO 17-3 4-60

Nonylphenol polyethyleneglycol ethers

-2-11EO 2-11 4-50 20-50
-20-30EO 50 - 100 - -
EO/PO Block polymers 100 100
Fatty alcohol EO/PO adduct 05-1 03-1
(>80% biodegradable)
Distearyl dimethyl ammonium chloride 15-40 4-100
Alkylpolyglycoside LC°=37 38-48 10

2NOEC = No observed effect concentration
b LC, = maximum concentration without mortality

The issue of surfactant biodegradability first arose in a dramatic way in the late 1940's as
the first commercia synthetic surfactant, tetrapropylene akylbenzene sulfonate (TBS) rapidly
replaced soap in laundry detergents. Of course, soap itself is a surfactant, but because of its ready
biodegradability, there had rarely been problems in receiving streams as aresult of itsuse asa
detergent. As TBS use proliferated, rivers became blanketed with foam, and it was discovered
that TBS did not biodegrade to any great extent in sewage treatment plants or in receiving waters.
[Swisher (1987)].

While not frequently building up to levelstoxic for aguatic life, TBS did often reach levels
at which foaming interfered with sewage treatment plants and created unsightly conditionsin
streams. As aresult TBS was banned in Western Europe and voluntarily withdrawn from the
market in the United States. Biodegradability requirements were imposed in Western Europe for
new surfactants beginning in the early 1960's. [Swisher (1987)].
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Swisher defines biodegradation as the destruction of chemical compounds by the
biologica action of living organisms. For surfactants the biological action of interest is the action
of microorganisms in the various environments receiving our wastewaters. There are two ways of
looking at biodegradation from the standpoint of the end results. Thefirst is called primary
biodegradation, which occurs when the original compound of interest is altered by biological
action. The second is called ultimate biodegradation, which is the complete conversion of the
original compound of interest to carbon dioxide, water, and minera salts. Thisisalso caled
complete mineralization. [Swisher (1987)].

There are aso two ways of looking at biodegradation from the standpoint of the
mechanism of biological action. Thefirst is aerobic biodegradation, in which the biodegradation
takes place in the presence of oxygen. The second is called anaerobic biodegration, in which the
biodegradation takes place in the absence of oxygen. Some compounds may biodegrade readily
with aerobic organisms, but be resistant to biodegradation by anaerobic organisms. This can be
important, since not all environments in which we discharge wastewater are aerobic.

Finally, distinctions have been drawn between ready biodegradability and inherent
biodegradability. The distinction is whether biodegradation begins immediately upon introduction
of the compound to the microbial community or whether the microbial community must first
become acclimated to the compound, causing a delay before biodegradation starts. [ Swisher
(2987)].

Several types of tests have been developed to measure biodegradability of surfactants.
These range from relatively smple bottle tests to tests that attempt to simulate sewage treatment
plant processes. The ideal test should not "pass' a compound which will not biodegrade in the
environment, and should not "fail" a compound which will in fact be satisfactorily degradable.
There is still a hot debate on the most suitable tests, and manufacturers have advocated the
position that the true test is whether surfactants in use are actually building up in the environment.

The test methods that have been developed for aerobic biodegradability include screening
tests, in which the subject compounds are exposed to a microbial culture in a bottle or flask, or
simulation tests, which attempt to simulate the operation of sewage treatment plant processes.
Screening tests for ready biodegradability are designed to be very stringent so that positive results
are unequivocal. Lack of ready biodegradation in these tests does not mean that the test
compound is not biodegradable under environmental conditions, but indicates that more work will
be needed to establish biodegradability.

Tests for ready biodegradability are smilar in that the test compound, which provides the
sole source of organic carbon, is added to an aqueous solution of mineral salts and exposed to
relatively low numbers of bacteria under aerobic conditions for up to 28 days. Typicaly, a non-
specific analytical method is used to follow the course of biodegradation, such as loss of dissolved
organic carbon, evolution of CO, or oxygen consumption, although loss of parent compound can
be used as atest of primary biodegradation. [Hutzinger (1985)].
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Tests for inherent biodegradability typically use higher concentrations of microorganisms
and prolonged time periods to allow time for microorganisms to acclimate. A negative result at
this stage normally means that the compound is not biodegradable. A positive result indicates that
the compound has the potential to biodegrade in the environment, and further studies may be
necessary to demonstrate that it will biodegrade under relevant environmental conditions, such as
in aerobic sewage treatment. The final level of testing is the use of a simulated sewage treatment
plant process. [Hutzinger (1985)].

The U.S. EPA has published Chemical Fate Testing Guidelines under the Toxic
Substances Control Act, which include tests for biodegradability. [40 C.F.R. Part 796, Subpart D
(1991)]. For aerobic biodegradability these include five screening test methods for ready
biodegradability, two screening tests for inherent biodegradability in water, one test for inherent
biodegradability in soil, and one test for aquatic biodegradation. Most of these tests are also
recognized by the Organization for Economic Cooperation and Development for premarket
testing of chemicals and have been widely utilized for biodegradability testing. For anaerobic
biodegradability these include one test for biodegradability in sewage treatment plant and agueous
environments.

The performance of commonly used surfactants in General Purpose Household Cleanersin
some of these testsis reported in Table 18 for aerobic biodegradation and in Table 19 for
anaerobic biodegradation. Table 18 is taken from Schwarz (1987), with the addition of
information on akylpolyglycosides from Rogers (1992). Table 19 is taken from Swisher (1987)
with the addition of information on akylpolyglycosides from Rogers (1992).
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TABLE 18: AEROBIC BIODEGRADATION OF COMMON SURFACTANTS IN SCREENING TESTS

Surfactants Primary Biodegr. Ultimate biodegradation in
OECD Screen
Test e
Closed Bottle Mod. OECD
Test Screen Test
[%6MBAS/BIAS-rem.] [% ThOD] [% C-removal]
Anionic surfactants
LAS 95 65 73
TBS 8-25 0-8 10-13
C4.15-8-Olefin sulfonates 99 85 85
sec.-C,5 5-Alkane sulfonates 96 73 80
C,6.15-Fatty acohol sulfates 99 91 88
C,,.15-Ox0 acohol sulfates 99 86 --
C,,.1,-Fatty acohol diethylene-glycol 98 100
ether sulfates
C.15-8-Sulfo fatty acid methyl esters 99 76

Nonionic surfactants

C,e.15-Fatty alcohols 14 EO 99 86 80
C,,.1o-Fatty alcohols 30 EO 99 27 -
C,,.1o-Fatty alcohols 50 EO 98 - .
C,,.1g-Fatty alcohols 6 EO 2PO 95 83 69
C,,.1¢-Fatty alcohols 5 EO 8 PO 70 15 --
C,,.14-Fatty alcohols 10 PO 50-63 21 11
C,3.15-Ox0 acohols 7 EO 93 62 -
i-Nonylphenol 9 EO 6-78 5-10 8-17
n-Cg ,-Alkylphenols 9 EO 84 29 }
Cir.15"Amines 12 EO 88 33 N
EO/PO Block polymers 32 0-10 18
Alkylpolyglycocide 71-73 72->80

TABLE 19: ANAEROBIC BIODEGRADATION OF COMMON SURFACTANTS

Surfactants Extent Time Analysis
LAS 20% 3 days MBAS
Cis46 & - Olefin sulfonates 31-43% 28 days MBAS
Coco-ethoxylate a cohol 53-67% 28 days MBAS
sulfate

Alkylpolyglycoside >96% ? ?

There have been numerous studies of the presence of commonly used surfactantsin the
environment. As judged by these studies, actual surfactant biodegradation in the environment is a
mixed success story. Table 20 shows the levels of some of the surfactants measured in various
environmental media.
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TABLE 20: SURFACTANTSIN THE ENVIRONMENT (CONCENTRATION IN PPM)

APE LAS (Ci),MeNt

In household and municipal sewage®
- raw or primary 0.5-3 1-18
- treated or secondary 0.1-2 07
- recelving waters 0-05

In surface waters & Groundwaters®
- river, lllinois 0.01
- river, U.S. 0.01-0.03
- estuary, U.S. 0.001-0.005
- river, Ohio 0-0.5

- river, U.S.

- river, U.S.

In muds and sediments®
River
Lake
Marine

Surface waters & groundwaters®

- river, Indiana 0.0012
Muds & sediments

- river, Indiana 2.96

Surface waters®
- rivers, U.S. (90% of 30 locations) <0.0004

Sediment®
- rivers, U.S. (90% of 30 locations) <0.390

Surface waters & Groundwaters®
- rivers, U.S. (26 locations) 0.010-0.300

Sediment® 16-322
- rivers, U.S. (15 locations)

02-03
0.02-0.06

0.04-0.08

0.01-0.04

@ From Surfactant Biodegradation by Swisher, R.D. pp. 279-286
b From "Environmental Fate of Alkyphenol Ethoxylates' by Naylor, Carter G.

¢ From "Monitoring Linear Alkyl Benzene Sulfonate in the Environment: 1973-1986" by Rappaport, R.A. and W.S.

Eckhoff
APE = Alkyl Phenol Ethoxylate
LAS = Linear Alkyl Benzene Sulfonate
(Ci5), Me, Nt = adialkyldimethyl quaternary ammonium compound
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24.7.2 Builders

Builders are often the ingredients with the second highest concentrations in General
Purpose Household Cleaners. Phosphates are probably the most significant issue presented by
down-drain disposal of builders used in genera purpose cleaners, athough very few general
purpose cleaners still contain phosphates. Phosphates are nutrients for aquatic plants and can build
up in bodies of water causing algal blooms which deplete dissolved oxygen when they die.

EDTA builders have been frowned upon in other countries, because they are strong
chelating agents that can mobilize heavy metals, including lead and cadmium, in sewage sludge,
streams, and soils. Biodegradation tests also show poor biodegradation for EDTA. In the
Modified OECD Test, for instance, only 10% dissolved organic carbon was removed after 19
days. Biodegradation of EDTA chelates in streams takes place relatively dowly and is negligible
under anaerobic conditions. [HSDB (1992)]. The LC, for EDTA in bluegill was 159 mg/l in the
96 hour test. [HSDB (1992)]. The FAO/WHO Acceptable Daily Intake for EDTA in humansis O-
2.5 mg/kg body weight. [HSDB (1992)].

Sodium citrate and sodium carbonate/bicarbonate/ silicate/metasilicate builders are fairly
inert and would not be expected to cause any significant environmental impacts when disposed of
down the drain.

24.7.3 Solvents

Data was not available to determine whether al of the solvents used in General Purpose
Household Cleaners are biodegradable. The glycol ethers commonly used appear to be rapidly
biodegradable, but no studies were reported in the literature concerning pine oil or d-limonene.
[HSDB (1992)]. Isopropyl acohol degrades relatively rapidly and also vaporizes in sewage
treatment plants or surface streams. [HSDB (1992)]. Solvents vaporizing in sewage treatment
plants can be a significant source of VOCs. [EPA (1991)].

24.7.4 Antimicrobials
Sodium hypochlorite does not appear to have significant impacts on aguatic life. [HSDB
(1992)]. No biodegradation data was reported on alkyl dimethylbenzylammonium chloride, but its

toxicity to fish was fairly high. Survival of carp in water with 500 mg/I of the compound was 15
minutes. [HSDB (1992)].
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2475 Packaging

Disposal of primary and secondary packaging for General Purpose Household Cleanersis
asignificant impact of these products. While empty plastic or cardboard containers pose little
environmental hazard in a solid waste landfill, their incineration may create hazardous air
emissions and contribute to toxic ash. Furthermore, landfill space and incineration capacity islike
anon-renewable resource in the United States, due to the justified public disillusionment with
these waste management methods.

PV C containers pose the greatest environmental hazards during disposal by incineration.
Combustion of PV C may result in the formation of polychlorinated dibenzo dioxins (PCDD) in
solid waste incinerator stack gas and in incineration ash. Some Western European nations are
moving to ban PV C for this reason, among others. Other hazards from incineration of any
packaging material include releases of heavy metals from packaging dyes and additives and
contamination of ash with heavy metds.

Aerosol cans also pose hazards during collection and disposal if not empty, since they
contain highly flammable propellants under pressure.

24.7.6 Conclusions

Down-drain disposal of General Purpose Household Cleaners creates significant
environmental issues, although these are of less concern than for laundry detergents, which are
disposed of in much larger quantities. If ingredients are not biodegradable or non-toxic, they can
build up in sewage treatment systems and surface and ground waters to levels that can impact fish
and aguatic life. Even if not present in toxic levels, surfactants can interfere with sewage treatment
plant processes and create objectionable foaming in streams.

Most commonly used surfactants are relatively non-toxic and relatively biodegradable
under aerobic conditions. Some that are still in wide use, however, such as nonylphenol
ethoxylate, are not readily biodegradable in standard tests. Under anaerobic conditions, other
widely used surfactants, such as LAS, fail to biodegrade to any great extent. Since anaerobic
conditions exist in sewage treatment plants (sludge digestors) in surface streams and their
sediments, and in ground waters, the failure of these ingredients to biodegrade can allow their
accumulation. There is evidence to support this accumulation in some environmental monitoring,
but the significance of anaerobic biodegradation is still being debated. We believe that, for the
purposes of certification, the burden should be on the manufacturers who want to continue to use
ingredients that do not biodegrade anaerobically to demonstrate that accumulation is not
occurring or that the ingredients do not pose any adverse effects to the environment.

Phosphates and EDTA builders also pose potentia impacts to receiving streams. Thereis
not sufficient data to determine the effects of ingredients such as solvents and antimicrobials.
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All types of packaging, if not recycled, deplete solid waste disposal capacity, whether
disposal is by landfill or incineration. Releases of dioxins from incineration of PV C and heavy
metal additives from incineration of all packaging are the most significant potential health and
environmental impacts.

25 SUMMARY OF ENVIRONMENTAL EVALUATION OF GENERAL PURPOSE
CLEANERS

Environmental labeling can be looked at in the same way that companies use life-cycle
assessments to look for opportunities to improve the overall environmental performance of their
products. Environmental labeling is essentially a product improvement exercise for a whole class
of products.

Based upon the foregoing qualitative evaluation of the potential health and environmental
impacts of major ingredients and packaging for Genera Purpose Household Cleaners, there are
improvements for each class of ingredients and for packaging alternatives that will improve the
overall environmental performance of this class of products. These are discussed below for each
class of ingredients and packaging. We have attempted to reflect these potential improvementsin
the proposed standards in Part 3 of thisreport in order to achieve atruly superior product for
certification.

25.1 Surfactants

Surfactants are often the largest fraction of General Purpose Household Cleaners, so they
get the most attention in any environmental evaluation. They have also come under intense
scrutiny in environmental evaluations of laundry detergents, which use and dispose of afar greater
quantity of surfactants than household cleaners. Most of the discussions have focussed on their
biodegradability and whether or not they are based upon renewable resources. This has tended to
focus distinctions on petrochemical-based surfactants versus non-petrochemical based surfactants.
We believe that distinction is useful but for some additional reasons.

There areredly very few available surfactants for use in General Purpose Household
Cleaners that do not have a petrochemical component, even if their main raw materia is palm or
coconut oil. The only truly non-petrochemical surfactant in use in household cleanerstoday is
soap. The claim has been made for akylpolyglycosides, but the process information that was
available indicates that methanol still must be used to produce the methyl ester of the fatty acid
before further reaction. Although methanol could be produced from fermentation processes, most
of it used in industry in this country is made from natural gas.
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The renewability issue has appeal for distinguishing surfactants according to their raw
materials extraction impacts, but the amount of petroleum and natural gas used to produce
petrochemical-based surfactantsistrivia in comparison to the amount burned in our automobiles.
Furthermore, many of the surfactants for which renewability claims have been made have
petrochemical components.

Thereis a distinction between surfactants made totally from petrochemicals and those
made at least partially with vegetable oil raw materials in the environmental impacts of raw
materials extraction and processing. The petroleum extraction, refining, and petrochemical
production processes have qualitatively more serious environmental impacts than the processes of
extracting, refining, and processing vegetable oils into soaps or surfactants. This is because
petrochemical processes release benzene and other toxic chemicalsinto the environment and the
workplace. We believe a distinction should be made between products that result in toxic releases
to the environment and those that do not.

Some of the predominantly vegetable oil surfactants, including soaps, aso have good
biodegradability (aerobically and anaerobically) and relatively low aquatic toxicity as compared to
some of the surfactants made totally from petrochemicals. We believe that a distinction should be
made between ingredients on the basis of biodegradability, but that this cannot ssimply be made on
the basis of the petrochemical content of the surfactant. Standard tests exist for this purpose and
should be used. It isimportant that these tests include anaerobic biodegradation, since not all of
the places where we dispose of surfactants are under aerobic conditions.

Most of the surfactantsin use today are relatively non-hazardous for users, although some

may be easier on skin, eyes, and mucous membranes that others. There were no major differences
between commonly used surfactants, however.

2.5.2 Builders, Complexers

Of the builders commonly used in General Purpose Household Cleaners, there are really
two categories. EDTA and phosphates versus everything else. EDTA is a petrochemical
compound made using a suspected carcinogen, ethylene dichloride. It is not readily biodegradable
and it can mobilize heavy metals, such as lead, in sewage treatment plant sludge and stream
sediments. Phosphates, although very effective builders, can create significant impacts during
extraction and have been singled out mainly because of their contribution to eutrophication of
bodies of water after disposal. Most of the other builders being used, such as sodium carbonate,
sodium bicarbonate (baking soda), sodium silicate (made from sodium carbonate and sand), and
sodium citrate (used as afood additive) pose fairly mild environmental impacts in extraction,
processing, use, and disposal.

25.3 Solvents
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Some types of solvents appear to improve the performance of General Purpose Household
Cleaners. Of the cleaners determined by Consumer Reportsto be the most effective on sample
household soils, seven out of the top ten contained pine oil. Clearly, pine oil is an effective
ingredient in General Purpose Household Cleaners. It also has antimicrobial properties.

Pine ail is acoproduct of tree harvesting for pulp and paper production, so it is renewable.
Plus, the processing of pine oil, while energy intensive, does not appear, at the level of this
evaluation, to result in the release of toxic chemicals. Its only drawbacks are that it isfairly
irritating to skin, eyes, and mucous membranes in high concentrations, and it is combustible.

Another effective solvent that is beginning to be used is d-limonene, which is made by
simple processing from orange peels during orange juice extraction. It dso isfairly irritating to
skin, eyes, and mucous membranes, and there has been one report of tumor generation in one
species of malerat. If d-limonene is a carcinogen, however, then we have more to worry about
than its use in household cleaners, since orange juice contains d-limonene, and it isalso used asa
flavor additive in numerous foods and beverages.

Glycol ethers are commonly used in spray cleaners, particularly ethylene glycol mono-n-
butyl ether (butoxy ethanol). Not only did these cleaners not perform as well in Consumer
Reportstests, but the glycol ethers, being based upon ethylene and other petrochemicals, have
greater impacts in extraction, processing, and production, and some are fairly toxic. Ethylene
glycol mono-n-buty! ether, the most commonly used glycol ether, has a Permissible Exposure
Level set by OSHA at 25 ppm, alevel that could be approached or exceeded in household
cleaning. It is aso readily absorbed through the skin. Isopropyl acohol, also commonly used, is
not as toxic as some of the glycol ethers, but it is also manufactured through petrochemical
processes, with their attendant releases of toxic pollutants.

Finally, any volatile organic compound in a household cleaner, whether natural or

petrochemical, has the potential to participate in the formation of photochemical smog when
volatile compounds evaporate during product use and disposal.

25.4 Antimicrobials

The use of antimicrobials in General Purpose Household Cleaners has been attacked by
Consumer Reports as being unnecessary. While antimicrobials are not essential in a General
Purpose Cleaner, they do provide benefits that some consumers want. There is evidence, for
instance, that disinfecting cleaners reduce the levels of bacteria and viruses that can be transmitted
to people from hard surfaces, particularly food preparation surfaces.

There are differences in the overall environmenta performance of antimicrobials that are

commonly used in General Purpose Household Cleaners. Pine ail is apparently manufactured
without toxic releases and is fairly non-toxic and biodegradable. It also functions as an effective
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solvent in General Purpose cleaners.

Sodium hypochlorite, while produced with a highly energy intensive process, isaso fairly
non-toxic, although it can react with ammonia compounds found in other cleanersto form toxic
gases. It may also function as a solvent in cleaners. Quaternary ammonium compounds are
manufactured using processes that release toxic chemicals, and they are also relatively toxic and
nonbiodegradable compared to other disinfectants. They also function as cationic surfactants.

2.5.5 Miscelaneous | ngredients

The most common miscellaneous ingredient in General Purpose Household Cleanersis
water, which can be more than 90% of some formulations, particularly spray cleaners. Shipping so
much water wastes energy, and packaging so much water wastes packaging and creates more
solid waste. Clearly, reducing the water content of General Purpose Household Cleaners will have
environmental benefits, and may actually save consumers money.

Although not an ingredient of Genera Purpose Cleaners, many consumers dilute bucket
cleaners with hot water because they perceive that the effectiveness will be improved. The energy
used to heat the water may be a significant part of the impacts of General Purpose Cleaner use.

Other miscellaneous ingredients identified that present issues are the disposable paper
wipes in some products and dyes and fragrances added to many products. Disposable wipes are
unnecessary and add a burden in manufacturing and disposal. Dyes and frangrances add nothing
to the cleaning performance of a household cleaner, but do create environmental burdens. Thisis
particularly true for dyes based on heavy metals and fragrances based on petrochemicals.

All miscellaneous ingredients or their functions could not be identified, since most are not
clearly identified on product labels or Material Safety Data Sheets. In order to insure that
ingredients or impurities present in low levels do not pose environmental or health hazards, the
standards should address all ingredients, and it should be the burden of the manufacturers to
demonstrate that there are no harmful ingredientsin their products, whether intentional or
inadvertent.
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2.5.6 Packaging

General Purpose Household Cleaners are mostly packaged in plastic containers. Glass has
been left behind because of its weight and because of breakage problems. Any container system
for such large volume products (almost 1 billion unitsin 1991) will have significant environmental
impacts from raw materials extraction to disposal. Recycling is clearly necessary to reduce those
impacts.

Of the four plasticsin use (HDPE, PET, PVC, Polypropylene), only HDPE and PET are
being recycled to any signficant extent. PV C has the additional negative of being based upon vinyl
chloride, a confirmed human carcinogen, and ethylene dichloride, a suspected carcinogen.

An additional opportunity for improvement in packaging impacts is the use of
concentrates intended to be diluted before use by consumers. These may be particularly applicable
for spray cleaners, which are mostly water anyway. In the laundry area, one manufacturer has
introduced cardboard concentrate packages for fabric softener concentrates. Other manufacturers
have used the concentrate idea for window cleaners.

Finally, some cleaners have been packaged in aerosol cans. This packaging system has

several environmental negatives, since the cans are not being recycled, and since the butane and
propane propellants are flammable and add to VOC air pollution problems.

25.7 Environmentally Superior Products

There are environmentally superior General Purpose Household Cleaners on the market
today, and the ingredients that we believe would distinguish superior products are al being used
in some commercia products. Superior packaging options are also in use by some manufacturers
today.

Table 21 isavisual summary of the environmenta evaluation discussed above for major
classes of ingredients and packaging. A minus ("-") sign in abox for an ingredient or packaging
option indicates that, for the phase of the life cycle being considered, there are clear
environmental negatives as compared to other ingredients or packaging. A zero ("0") in a box
indicates that there are environmenta impacts, but it is difficult to distinguish them from other
ingredients or packaging. A plus ("+") indicates that the ingredient or packaging is clearly better
than others in the class for the life-cycle phase being considered.

An environmentally superior General Purpose Household Cleaner is one that reduces
environmental impacts throughout its life cycle for al of itsingredients and packaging. For
surfactants, non-petrochemical surfactants or vegetable oil soaps accomplish this. For builders,
sodium citrate and sodium bicarbonate are superior. For solvents, pine oil and d-limonene appear
to be superior. Antimicrobials are unnecessary for the cleaning performance of General Purpose
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Cleaners, but most have dual purposes. Pine oil appears to be superior in terms of impacts to
either sodium hypochlorite or quaternary ammonium compounds. A superior cleaner is also one
that minimizes ingredients that do not add to its function.

Dyes and fragrances should be eliminated or minimized. A cleaner that can be used with
cold water is aso superior. Finaly, for packaging, the more concentrated the product, the better,
in order to reduce packaging waste and transportation energy. For packaging materials, recycled
HDPE, recycled PET, or recycled cardboard are superior, with PVC, and aerosol containers
posing too many negatives. Polypropylene at this point, is not being recycled to any significant
extent.
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TABLE 21: SUMMARY OF ENVIRONMENTAL EVALUATION

INGREDIENT

RAW MAT.
EXTRACT

RAW MAT.
PROCESS.

CONSUMER
USE

DISPOSAL

SURFACTANTS

- PETROCHEMICAL

- NON-PETROCHEM.

- SOAPS

BUILDERS

- PHOSPHATES

- EDTA

- SODIUM SALTS
(citrate, bicarbonate,
etc.)

SOLVENTS

- GLYCOL ETHERS

- D-LIMONENE

- PINE OIL

- ISOPROPANOL

o |JO |O |o

ANTIMICROBIALS

- PINE OIL

- QUATER. AMMON.

- HYPOCHLORITE

PACKAGING

- HDPE

- PET

-PVC

- POLYPROPY LENE

- AEROSOL CANS

- CARDBOARD
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26 OTHER ENVIRONMENTAL PERFORMANCE STANDARDS

Other environmental labeling programs were reviewed or contacted to determine the
status of any certification standards applicable to General Purpose Household Cleaners. These
included Scientific Certification Systemsin the United States, the Environmental Choice Program
in Canada, the "Blue Angdl" Program in Germany, and the Nordic eco-labeling program.

2.6.1 Scientific Certification Systems

Scientific Certification Systems (SCS) has developed a standard for certification of
"biodegradability” claims for soaps, detergents and cleansers [SCS (1991)]. The minimum
requirements for certification include the following:

1. Each compound used in the formulation must be degradable by microorganisms into
simple substances-e.g., carbon dioxide (CO2), water, and minerals (salts) under aerobic
conditions. [by U.S. EPA test specified in 40 C.F.R. 8§796.3100-3400]. This requirement
may be waived for any component which is shown to not enter or concentrate in receiving
bodies at levels exceeding the lowest reported NOEC [No Observed Effects
Concentration] value.

2. For any compound known to be at concentration levels exceeding the lowest NOEC value
in sludge or water leaving a waste water treatment plant, the compound must be shown to
be degradable by microorganismsinto CO,, methane, and minerals under anaerobic
conditions, and shown not to bioconcentrate.

3. On a state-by-state or other recognized jurisdictiona basis, the rate of degradation of the
compound must be such that residual concentrations in receiving waters and/or associated
sediments are less than the NOEC value measured on selected species. Relevant
experimental test methods are provided in the CFR 40, Subpart D, §797.

4, The amount of the given compound or metabolite in a receiving body and its sorption
characteristics on sludge (or sediment) must be such that the compound does not
adversely affect the rate of degradtion nor displace harmful substances otherwise absorbed
or adsorbed on the sludge.

5. The formulation may contain no compound which has been found to contribute to the
eutrophication of receiving waters (e.g., phosphates).

6. These requirements apply to every component of a formulation, including any

surfactant/wetting agent, builder, chemical cleaner, hydrotrope, abrasive, softener,
brightener, conditioner, perfume, pigment, impurity, or isomer.
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2.6.2 Canadian Environmental Choice Program

The Canadian Environmental Choice Program isin the process of developing criteriafor
certification of General Purpose Household Cleaners. A Briefing Document has been prepared for
"All-Purpose Cleaners’, which contains general recommendations for criteria. [Environment
Canada (1991)]. A Briefing Document has also been prepared for window and glass cleaners, for
diswashing detergents and liquids, and for laundry detergents. The All-Purpose Cleaners
document recommends that the following criteria be considered:

Good ecotoxicity profile

Ready biodegradability

Low BOD

Minimal nutrient contribution to algal plant growth

Concentrated formulation, and high ratio of use to packaging

Low impact packaging: e.g., low energy and low polluting materials; reusable containers;

recycled materials

Moderate pH (e.g., 4 to 9.5) and low alkalinity

Use of renewable or low impact feedstocks

Low VOC emissionsin production and use

0. No chemicals that are highly corrosive or highly toxic viaingestion, inhalation, or
absorption

11. No chemicals that are carcinogenic, mutagenic, or teratogenic at concentrations likely to

be encountered in workplace, home, or receiving environment
12.  Non-damaging to common household surfaces

ouprwdpE

B © N

The document recommends that the first seven criteria be given the most emphasis, with
the remainder providing "bonus’ points. [Environment Canada (1991)].

2.6.3 Swedish Society for the Conservation of Nature

The Swedish Society for the Conservation of Nature, an environmental organization, has
prepared a document entitled, "Environmental Criteriafor Cleaning Products,” in cooperation
with large retail firmswho were interested in labeling "green” products for their stores. The
document surveys the ingredients and impacts of the household cleanersin use in Sweden and
recommends general criteriafor in-house labeling. [Swedish Society (1990)]. Following are the
recommended criteria as trandated from Swedish:

1. The water content should be reduced to lower energy consumption in transport. Generally

the level established by the environmental labeling program for manual dishwashing
detergents should apply to general purpose cleaners, i.e., at most 60% water.
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2. Contact with skin limits the concentration of strong chemicals.
3. Dyesfill only amarginal function and should not be included in cleaners.

The criteria dso include an environmental ranking system for cleaners depending upon an
environmental ranking of their ingredients. This system ranges from best (A) to worst (E). Under
this system, products with the following ingredients could receive a"best" (A) ranking:

Surfactants:
Fatty acid ethoxylate/polyglucoside
Fatty alcohol sulfate
Soap/saponified fatty acids
Alcohol ethoxylates
Solvents:
Ethyl acohol
| sopropanol
Glycerol
Propylene glycol
Builders:
Sodium bicarbonate
Sodium citrate
Sodium tartrate
Sodium gluconate
Phosphate
Polyphosphate
Pyrosulfate
Zeolites
Preservatives.
Ethyl acohol
Propylene glycol

Products with the following ingredients would receive a "worst" (E) ranking:

Surfactants:
Methyl ester sulfonate
Alkyl amine ethoxylate
Alcohol ethoxylate (0x0)
Alkyl phenol ethoxylate
Linear alkylbenzene sulfonate
Quaternary ammonium compounds
Cetyl trimethyl ammonium bromide
Fatty alcohol EO/PO adducts
Solvents:
Ethanolamines

91



Parrafins
Ethylene amines

Napthenes
Aromatics
Chlorinated organics
Builders:
EDTA
Preservatives.
Formaldehyde

| sothiazolinones

The complete rationale for this ranking system does not appear in the report. Further work
is planned by the Society for the Conservation of Nature to look at the entire life cycle of the
products, the efficacy of the cleaners, methods of dispensing the product to prevent overuse, the
packaging for the product, and the completeness of product ingredient labeling. [Swedish Society
(1990)].

2.6.4 Nordic Environmental L abeling Program

The Joint Nordic Environmental Labeling Program has not developed criteriafor labeling
household cleaners but has adopted criteria for laundry detergents, which deal with some of the
same ingredient issues. Relevant portions of those criteria are summarized below [Swedish
Standards Institute (1992)]:

General Requirements
Carcinogenic substances must not be added.
Allergenic or teratogenic substances must not be added.
Genotoxic substances and suspected carcinogens are considered on a case-by-case basis.
The pH of the detergent solution must not exceed 11.0.

Requirementsfor Surfactants and Cleaning Agents

Acute ecotoxicity for

Daphnia and fish: LC,, > 10 mg/l (> 1.0 mg/l may be accepted if other criteriaare
met)

Acute ecotoxicity

for algae: 1Cs, > 10 mg/l (> 1.0 mg/l may be accepted if other criteria are met)

Chronic ecotoxicity

(14-day test): NOEC > 10 mg/l (> 1.0 mg/l may be accepted if other criteria are met;

chronic toxicity criteriado not apply if the substance is degradable)
Aerobic biodegradation: Ready biodegradation > 80% (by dissolved organic carbon) (70%
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by BOD or CO, evolution) (70% and 60% may be accepted if other
criteria are met)
Bioaccumulation: log P,y < 2.5 (< 3.0 may be accepted if other criteria are met)

Requirements on other chemical components

Softeners/builders: No EDTA, phosphates, NTA, and phosphonic acid/phosphonate
may be included.
Dyes. No dyes may be included.

2.6.5 German "Blue Angd" Program

The German "Blue Angel” program has not developed criteria for General Purpose
Household Cleaners, but it has issued criteriafor laundry detergents and has taken the lead in
developing laundry detergent criteria for the European Communities eco-labeling program. Some
of the criteriafor laundry detergents that are also relevant for General Purpose Household
Cleaners are summarized as follows:

1. The product must not contain the following ingredients:
phosphates
APEOs (Alkyphenol ethoxylates)
EDTA
phosphonates unless < 0.4 weight percent
NTA

2. The ingredients must be easily biodegradable under aerobic conditions, which is ultimate
biodegradation to carbon dioxide and water.

3. Anaerobic biodegradation must be demonstrated for certain ingredients.
4, The product must not cause aquatic toxicity.

5. The ingredients must be tested for bioaccumulation and the formation of stable
degradation products or metabolites. [Poremski (1991)].
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PART 3:

PROPOSED STANDARD FOR CERTIFICATION OF GENERAL

PURPOSE HOUSEHOLD CLEANERS

SCOPE
This proposed standard establishes environmental requirements for:
General Purpose Household Cleaners

For purposes of this standard, General Purpose Household Cleaners are defined as

household cleaners specifically marketed as suitable for cleaning soils from severa types of
surfaces in the home. They do not include single-purpose cleaners, such as bathroom tub and tile
cleaners, scouring cleaners, toilet bowl cleaners, carpet/upholstery cleaners, glass cleaners,
gpot/stain removers, oven cleaners, and drain cleaners. General Purpose Household Cleaners also
do not include products which have as their sole purpose disinfection, but they do include
products that claim to both clean and disinfect severa types of surfacesin the home. Genera
Purpose Household Cleaners also do not include laundry and dishwashing detergents.

3.2

321

322

3.2.3

324

3.25

3.2.6

DEFINITIONS
Concentrate: aproduct that contains less than 20% water by weight of the contents.

I ngredient: any constituent of a product, whether intentionally added or not, including
any impurities.

Primary packaging: the material physically containing and coming into contact with the
product, not including the cap or lid of a bottle.

Post consumer material: those finished products, packages, or materials generated by a
business or consumer that have served their intended end uses, and that have been
recovered from or otherwise diverted from the waste stream for the purpose of recycling.

Recovered material: waste generated after a material manufacturing process, such as
post-consumer material, cuttings, trimmings, obsolete inventories, and rejected unused
stock.

Secondary packaging: any packaging material other than primary packaging, including
wrappers, boxes, blister packs, shipping crates, and display cases.
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3.3

34

34.1

34.11

34.1.1.

PRODUCT SPECIFIC PERFORMANCE REQUIREMENTS

The product shall clean common household soils effectively, as measured by comparison
tests conducted in the manner described in ASTM D 4488-85, Standard Guide for Testing
Cleaning Performance of Products Intended for Use on Resilient Flooring and Washable
Walls. Performance of the product shall be compared to the standard cleaning solution
described in Test Method A6, Oil, Carbon Black and Clay/White Enamel Painted
Stainless-Steel Panels Test Method, and shall be tested on four soil types: crayon, ball
point pen, pencil, and a grease/oil mixture prepared as described in Test Method A2,
Greasy Soil/Painted Masonite Wallboard Test Method. A product meeting the
performance standard shall have a cleaning efficiency of at least 80% of the cleaning
efficiency of the standard cleaning solution on any two of the four soil types when the
product is tested in undiluted strength or at a dilution selected by the manufacturer.

PRODUCT SPECIFIC ENVIRONMENTAL REQUIREMENTS
Process

Toxic Releases in Manufacturing Product |ngredients

1 The processes for manufacturing any of the ingredients of the product or
intermediates in the processes of producing those ingredients shall not release to
the environment or the workplace any significant amount of chemicals that are
carcinogens or that are known to cause reproductive toxicity. Carcinogens are
defined as those chemicals listed in the current edition of the Annual Report on
Carcinogens, U.S. Department of Health and Human Services, National
Toxicology Program. Chemicals known to cause reproductive toxicity are defined
asthose listed by the State of California under the Safe Drinking Water and Toxic
Enforcement Act of 1986. [Cal. Code of Regulations, Title 22, Division 2,
Subdivision 1, Chapter 3, Sections 12000, et seq.].

To this end, effective January 1, 1996, the product shall not contain more than
0.01% by weight of any of the following ingredients (the compoundsin
parentheses are the carcinogens or reproductive toxins released in the
manufacturing process):

Surfactants made with ethylene oxide or propylene oxide, including but not limited
to:

alkylphenol ethoxylates (ethylene oxide, benzene)

alcohol ethoxylates (ethylene oxide)
alcohol ethoxylate sulfates (ethylene oxide)
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ethylene oxide/propylene oxide block polymers (ethylene oxide, propylene
oxide)

Ethanolamine surfactants, including but not limited to:
cocamide diethanolamine (ethylene oxide)

Ethylenediamine tetraacetic acid (ethylene dichloride)

Glycol ethers, including, but not limited to:
diethylene glycol mono-n-butyl ether (ethylene oxide)
ethylene glycol mono-n-butyl ether (ethylene oxide)
ethylene glycol monoethy! ether (ethylene oxide)
propylene glycol monoethyl ether (propylene oxide)

Linear dkybenzene sulfonate (benzene)
Other petroleum-based surfactants, including but not limited to:

alcohol sulfates based upon petroleum (benzene)
alpha olefin sulfonates (benzene)
alkane sulfonates based upon petroleum (benzene)
Quaternary ammonium compounds, including but not limited to:
alkyldimethylbenzyl ammonium chloride (benzene)
dialkyl ammonium chloride (formaldehyde, benzene)
3.4.2 Product

3421 Product Safety Requirements

34211 The product shall not be highly toxic, toxic, extremely flammable, flammable,
corrosive, or a strong sensitizer, as defined by Consumer Product Safety
Commission regulations found at 16 C.F.R. Chapter |1, Subchapter C, Part 1500.
For purposes of demonstrating compliance with this requirement, the testing
prescribed by the regulations is not required for the product mixture if sufficient
information exists concerning the properties of each of the ingredients of the
product to demonstrate that the product mixture complies. Data from the Registry
of Toxic Effects of Chemica Substances (RTECS), from the Hazardous
Substances Data Bank, and from Irving Sax, Dangerous Properties of Industrial
Materias, will be accepted, as will peer-reviewed primary data.
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34212

34213

3.4.2.2

34221

34222

The product shall not contain any ingredients that are listed as carcinogensin the
current edition of the Annual Report on Carcinogens, U.S. Department of Health
and Human Services, National Toxicology Program, or are listed as chemicals
known to cause reproductive toxicity by the State of California under the Safe
Drinking Water and Toxic Enforcement Act of 1986. [Cal. Code of Regulations,
Title 22, Division 2, Subdivision 1, Chapter 3, Sections 12000, et seq.].

For purposes of this standard, naturally occurring elements that are listed as
carcinogens or reproductive toxins may be present as impuritiesif concentrations
are below those listed in 3.4.2.2.6. Chloroform (as trihalomethanes) and other
chlorinated organics that are listed as carcinogens or reproductive toxins that are
byproducts of the chlorination treatment of water used in the product may be
present as impurities if concentrations are below the applicable Maximum
Contaminant Levelsin the National Primary Drinking Water Standards found at 40
C.F.R. Part 141.

The product shall not contain any of the following ingredients in concentrations
greater than 0.01% by weight:
ethylene glycol mono-n-butyl ether (butoxy ethanol)

halogenated solvents
petroleum solvents

Product Environmental Requirements

The product shall not be toxic to aguatic life as measured by performance in the
following tests found in 40 C.F.R. Part 797, Subpart B:

LC,, daphnia or fish (acute) > 10 mgl/l
LC,, agae (acute) > 10 mg/l
EC,, daphnia (chronic) > 10 mg/l

For purposes of demonstrating compliance with this requirement, the testing
prescribed by the regulations is not required for the product mixture if sufficient
information exists concerning the aquatic toxicity of each of the ingredients of the
product to demonstrate that the product mixture complies. Data from the Registry
of Toxic Effects of Chemica Substances (RTECS) and from the Hazardous
Substances Data Bank will be accepted, as well as peer-reviewed primary data.

The product shall not contain any organic ingredients that do not exhibit ready
ultimate biodegradability under aerobic conditions as measured by one of the EPA
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34.2.23

34224

3.4.2.25

34.2.2.6

methods found at 40 C.F.R. 88 796.3180 (Modified ANFOR Test), 796.3200
(Closed Bottle Test), 796.3220 (Modified MITI Test), 796.3240 (Modified OECD
Test), or 796.3260 (Modified Sturm Test). Ready ultimate biodegradability shall
be determined as follows:

Removal of dissolved organic carbon (DOC) > 70%
Biologica Oxygen Demand (BOD) > 60%
% BOD of theoretical oxygen demand (TOD) > 60%
% CO, evolution of theoretical > 60%

For organic ingredients that do not exhibit ready ultimate biodegradability in these
tests, the manufacturer may demonstrate biodegradability in sewage treatment
plants using the Coupled Units Test found at 40 C.F.R. 8§ 796.3300 by
demonstrating DOC removal > 90%.

The product shall not contain any organic ingredients that do not biodegrade under
anaerobic conditions as measured by the EPA method found at 40 C.F.R. 8
796.3140. Anaerobic biodegradation in this test must be > 80%.

The product shall not contain any ingredients that can cause eutrophication of
recelving waters. As such, the following ingredients will be excluded:

Sodium phosphate
Sodium pyrophosphate
Sodium tripolyphosphate

The product shall not contain volatile organic compounds, as measured by EPA
Method 24-24A, 40 C.F.R., Part 60, Appendix A (1991), in concentrations that
exceed 25% of weight of the product.

The product shall not contain arsenic, lead, cadmium, chromium, mercury,
selenium, or nickel at levels above the following:

arsenic 0.5 mg/l
lead 0.5 mg/l
cadmium 0.10 mg/l
chromium 0.5 mg/l
mercury 0.02 mg/l
selenium 0.5 mg/l
nickel 0.5 mg/l

Testing shall comply with test methods described in 40 C.F.R. Part 136.
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3.4.2.2.7

34.2.2.8

3.4.2.3

34231

34.23.2

The product shall not contain any dyes.

The product shall not contain any fragrances except those that are natural plant
extracts.

Other Requirements

The products shall not contain disposable towel ettes or other disposable wiping
materials.

Effective January 1, 1996, the product asit is intended to be offered for sale to
consumers shall contain no more than 60% water by weight of the contents.

3.4.3 Packaging

3431

34311

34312

34.3.1.3

34314

Primary Packaging Requirements

The primary packaging of the product shall not be packaged in any secondary
packaging as the product is intended to be offered for sale to consumers, unless the
product is a concentrate in a plastic packet.

The product shall not be packaged in the following primary packaging:

Aerosol cans
Polyvinyl chloride containers

For the following packaging materials, the primary packaging of the product shall
contain at least the following percentages by weight of recovered materia:

HDPE 50% (25% post consumer)
PET 100% (100% post consumer)
Other plastics 50% (25% post consumer)
Cardboard 80% (50% post consumer)

Concentrates that are packaged with plastic packets or in small plastic or
cardboard containers are acceptable, provided that the plastic packets are not
polyvinyl chloride. The recycled content specified in 3.4.3.1.3 will not be required
for small plastic concentrate packets. Any such concentrate shall be packaged with
aminimum of secondary packaging as intended to be offered for sale to
consumers, and such secondary packaging shall comply with the requirements of
34.3.21and 3.4.3.3.
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34.3.15

34.3.1.6

3.4.3.17

3.4.3.2

34321

3.4.3.3

34331

34.33.2

3.4.3.3.3

Cardboard used as primary packaging and any paper labels shall be unbleached or
bleached by a process that does not produce effluents in the pulp manufacture of
more than 1 kg of Adsorbable Organic Halogen (AOX) per air dried metric ton
(ADMT) of pulp, as per Green Sedl's standard on Printing and Writing Paper (GS-
07-1992).

Paper labels shall meet Green Sedl's recovered and post-consumer material
requirements for Printing and Writing Paper (GS-07-1992) of at least 60%
recovered material including at least 15% post-consumer material.

Primary packaging shall contain no components or additives that would interfere
with recycling. If plastic, the packaging must be clearly marked with the
appropriate Society of the Plastics Industries (SPI) symbol to identify the type of
plastic for recycling.

Secondary Packaging

Secondary packaging shall either be reusable or, if disposable, shall contain at least
50% post-consumer material. Secondary packaging, if disposable, shall contain no
components or additives that would interfere with recyclying. If plastic, the
packaging must be clearly marked with the appropriate Society of the Plastics
Industries (SPI) symbol to identify the type of plastic for recycling.

Toxicsin Packaging

Packaging must not contain inks, dyes, stabilizers, or any other additives to which
any lead, cadmium, mercury, or hexavalent chromium has been intentionally
introduced.

The sum of the concentration levels of lead, cadmium, mercury, and hexavalent
chromium present in any package or packaging component must not exceed 250
parts per million by weight.

Effective January 1, 1994, the sum of the concentration levels of lead, cadmium,
mercury, and hexavalent chromium present in any package or packaging
component must not exceed 100 parts per million by weight.

3.4.4 Labeling Requirements

3441

The label for the product shall contain the complete chemical name (or common
name sufficient for identification of chemical class) of each ingredient in the
product and the approximate weight percent of each ingredient. Proprietary
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3442

3443

3444

3.4.45

ingredients may be identified by chemical class.

Where a product is intended to be diluted with water by the consumer prior to use,
the label shall clearly and prominently state that dilution is recommended and shall
state the recommended level of dilution in commonly understood measurements
(e.g., ounces per quart).

Where a product is intended to be diluted with water by the consumer prior to use,
the label shall clearly and prominently state that cold water should be used for the
dilution.

The label must include detailed instructions for proper use to maximize product
performance and minimize waste.

Whenever the Certification Mark appears on a package, the package must contain
adescription of the basis for certification. The description shall bein alocation,
style, and typeface that are easily readable by the consumer. Unless otherwise
approved in writing by Green Seal, the description shall read as follows:

"This product meets Green Seal's environmental standards for household cleaners
for minimization of ingredients potentially hazardous to the environment, for
energy conservation during use, and for reduced packaging impacts.”

Effective January 1, 1996, unless otherwise approved in writing by Green Sedl, the
description shall read as follows:

"This product meets Green Seal's environmental standards for household cleaners
for reduced toxic releases during manufacture, for minimization of ingredients
potentialy hazardous to the environment, for energy conservation during
distribution and use, and for reduced packaging impacts.”
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