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INTRODUCTION

A wide variety of insecticide products are used in homes,

recreation areas, public buildings, and work establishments to

control insect pests. Our society benefits from their availabili-

ty, but insecticidal chemicals may have detrimental effects to

man and his environment. In addition to the health risks associ-

ated with these products, insecticides may adversely affect

textiles and other materials. In periodic indoor insecticide

applications, furniture and carpeting often are exposed to in-

secticidal chemicals. If extensively damaged by insecticidal

chemicals, interior furnishing textiles may require replacement

which represents a considerable consumer expenditure. Since 1980

more than $1 million in claims have been filed against pesticide

applicators and manufacturers as a result of insecticide dis-

coloration of carpeting.

One of the largest home expenditures for consumers is

carpeting. Today, most homes have carpeting in one or more rooms.

Carpet manufacturers judiciously select fibers, dyes, and

finishes for carpeting that are both aesthetically pleasing as

well as functional and durable. Dyes, for example, are selected

on the basis of application class, hue, and suitability for a

particular substrate. Other considerations include price,



dyeing properties, and colorf astness to light, ozone, crocking,

steam cleaning, etc.

Even though extensive testing is involved in the selection

of dyes for carpeting, manufacturers are unable to evaluate the

fastness properties of a dye to all agents (i.e., environmental

factors, cleaning methods, or consumer products) that could

possibly come into contact with the dyed textiles. Various

cleaning products also have been responsible for carpet discolor-

ation and staining.

It has been recognized for many years that certain insecti-

cide products may adversely affect the dyes used in carpeting.

This issue is certainly not a new problem, but only recently has

it been discussed openly by pesticide formulators, carpet manu-

facturers, and certified pest control operators (39). A few years

ago, complaints on insecticide discoloration of carpeting began

with a few occasional calls to the National Pest Control Associ-

ation (NPCA) (30). In the early 1980 's, however, the number of

complaints increased (15, 30, 39). The majority of the com-

plaints have focused on selected organophosphate insecticides

(30). In September 1981, the Ad Hoc Committee on Pesticides was

formed by the Carpet and Rug Institute, the National Pest Control

Association, the United Pesticide Formulators and Distributors

Association, and a number of dyestuff and fiber manufacturers to

investigate the problem of insecticide carpet discoloration (6,

13, 29) . The purpose of the Committee was to investigate the



problem and to develop screening tests for evaluating insectic-

ides and dyes. Eighteen dyestuffs and twelve insecticide

products were evaluated by the Committee (6, 13).

The AATCC Midwest Section's ITPC (Intersectional Technical

Paper Competition) study (12), which will be refered to as the

AATCC study, expanded upon the work of the CRI Ad Hoc Pesticide

Committee. They evaluated the deleterious effects of 20 insecti-

cide chemicals on 47 selected acid and disperse dyes applied to

nylon and polyester carpet yarns. Unlike the CRI study, the

AATCC Committee evaluated the technical grade of the insecticide

rather than commercial formulations, since other additives in

insecticide products may confound the effects of insecticidal

chemicals.

This study builds upon the research conducted by the AATCC

Committee. Its purpose was to evaluate the susceptibility of the

28 selected acid and disperse dyes on nylon carpet fiber to

discoloration by products representing 15 different commercial

insecticidal chemicals. Dyed and undyed specimens were treated

with insecticide products, exposed to standard temperature, high

temperature and high humidity, xenon light, and ozone and instru-

mentally evaluated for the degree of color change or fading.

The results of this study were compared with data from the

AATCC study to determine the extent to which the commercial

formulations of the insecticides accelerated color change. Com-

mercial products representing "typical" formulations of the 15



insecticidal chemicals were selected for evaluation. The majori-

ty of the products evaluated in this study were EPA-certif ied

products for use in and about the home to control common

household pests and fleas. The results of this study will aid

carpet manufacturers in selecting dyes which are the least

sensitive to various insecticide products. It also will enable

pesticide formulators to assess the combined effects of

insecticidal chemicals and formulation additives on carpet

discoloration.



REVIEW OF LITERATURE

Carpeting

For many years, carpet was used in the home as a floor

covering because of its functionality (i.e., it provided a

durable wearing surface). With improved standards of living,

more emphasis was placed upon the aesthetic and comfort appeal of

carpeting (21). The comfort factor of a carpet is attributed to

its insulative properties, sound absorption, ability to absorb

energy, ease of care, and comfortable feeling underfoot. The

aesthetic appeal of carpeting, being a subjective judgment,

varies greatly from person to person since it takes into

consideration color, pattern, surface texture, as well as

numerous other qualities. Carpet is one of the principle means

for introducing color into interiors (21, 27). Other important

factors influencing carpet selection and serviceability include

wear (abrasion) and crush resistance (resiliency); soil

resistance and cleanability ; and colorf astness to light, ozone,

and other agents.

Traditionally, carpets were made of wool and woven on looms

which limited the design possibilities. In the past 25 years,

however, a revolution has taken place in the carpet industry

which was caused by the development of tufting machines and man-

made fibers (7). Today, man-made fibers comprise the majority of

carpet face yarns. Over three-quarters of the yarns are made



from nylon fibers. Polyester, acrylic, and olefin (polypro-

plene), and wool, respectively, account for the remaining portion

(11, 32).

Nylon

Nylon is used extensively in carpet fiber yarn because of

its desirable characteristics. Such as its easy dyeability, high

abrasion resistance (durability), good crush resistance,

compressional resiliency, easy-care properties, and low cost

when compared to wool. Some undesirable characteristics of nylon

are that it soils easily because it is oleophilic, it is

discolored by UV light and by certain chemicals, and it does not

easily dissipate electrostatic charges (11).

Chemical Properties , Poly ( hexamethylene adipamide) or

nylon 66, and polycaproamide, or nylon 6 are the two most

prominant synthetic polyamide fibers. Polyamides have an amide

linkage in their chemical structure as follows:

9
-C-NH-

The structural unit for polymerization products of aliphatic

polyamides are generally as follow:

H-[-NH-(CH ) -C-] , -OH (a)
2 n n

and for diamines and dicarboxylicacids is:

H-[-NH-(CH ) -NH-C-(CH ) -C-] -OH (b)
2 n 2 m m'



Polymers with the structural unit of (a) are known as poly

(u-amino acids (or lactams)), or as nylon-n, such as nylon 6.

Polymers with the structural unit of (b) are known as nylon-nm,

such as nylon 66.

The polymerization of poly amides are of two types: 1) those

derived from polymerizable monoaminomonocarboxylic acids (e.g. 6-

aminocaproic acid, NH
2 (CH 2

)
5
COOH or their amide- forming deriva-

tives, and 2) those derived from the reaction of diamines with

dicarboxylic acids (36, 40).

HOC-R-COH + NH
2
-R'-NH

2

-NH-R'-NH-C-R-C-NH-R-NH-C-R-C- + H
2

where R and R' are hydrocarbon groups.

-[-NH-(CH
2 )4

-C-]- (nylon 6)

-[-NH-(CH 2 )6-NH-C-(CH2 )4
-C-]- (nylon 66)

Nylon 6 is a type of polyamlde where the repeat units

contain six carbon atoms. It is obtain by the polymerization of

caprolactam. In nylon 66, there are six carbon atoms in between

each amide unit in the polymer chain. The number of the -CtL

units in the structure could be as minimal as one which is called

nylon 2 or polyglycine (40).



Physical Properties , Nylon 6 and 66 are melt-spun fibers.

The molten polymer is forced through a spinneret (extruded as a

ribbon) and allowed to solidify by cooling. The ribbon is then

cut into small chips, which permits a convenient form for

storage, handling, and blending. The nylon chips are then melted

and extruded into a cooling chamber in which a current of air is

swept across the filaments. Subsequent to spinning, the filament

ere cold drown to increase tenacity. Nylon fibers are

manufactured with a range of properties, depending on end-use.

Industerial applications, for example, usually require fiber with

higher tenacities and lower extensibilities, compared to nylon

fibers used in apparel textiles.

Nylon because of its low density (1.12-1.15 g/cc), is

lighter than many other common fibers. For example, if nylon and

cotton were to be made into two identical fabric constructions,

the nylon fabric would be considerably lighter than the cotton

fiber. One of the major advantages of nylon fibers is their

strength which is higher than most natural fibers. Nylon will

lose some of its strength when it is wet. Nylon 66 has a dry

tenacity of 4.5 to 5.8 grams per denier and will lose up to 20$

of its strength when wet. Nylon 6 is stronger than nylon 66. It

has a dry strength of 5.6 to 7.0 gram per denier. When wet, nylon

6 retains 85 to 90 percent of its strength. The extension at

break of nylon 66 is 22 to 25 percent with a very powerful force

of recovery, while the breaking elongation of nylon 6 is only 15

8



percent (36). Nylon is a highly elastic fiber with good

elongation properties. Its elongation increases as the relative

humidity rises. The degree of moisture regain for nylon at any

given relative humidity is considerably less than that for some

textile fiber such as silk, cotton, wool or rayon, but it is

higher than that of polyester and the olefins (19). Nylon 6 has

a greater affinity for dyes and moisture than nylon 66 (36). The

melting point of nylon 6 is around 213-225° C, compared with

nylon 66 which is around 256-265° C (1, 40).

Nylon has a high resistance to abrasion which is due to its

toughness, natural pliability, and ability to under go a high

degree of flexing without breaking down. The abrasion resistance

of nylon probably is the most significant factor contributing to

its use as the number one carpet fiber.

Nylon is inert to many organic acids, carbon disulfide,

halogenated hydrocarbons, alkalies, soap, gasoline, benzene,

aldehydes, ketones, and alcohols, but formic and carbolic acid

are solvents for nylon. Other solvents which dissolve nylon

include meta-cresol, xylenol at 77 ° F (25° C), oxidizing agents,

hot glacial acetic acid, and mineral acids, such as concentrated

hydrochloric and sulfuric acids. Cold concentrated nitric acid

also will rapidly decompose nylon (19).

Nylon is highly resistant to attack by most insects and

bacteria compared to natural fibers. Carpet beetles and clothes

moth larvae do not eat nylon as a food source as they do in the



case of wool. However, they may cut their way out of nylon, if

imprisoned. Undyed, unfinished nylon yarns and fabrics have been

found to be highly resistant to molds and microorganisms,

however, antibacterial finishes are used on nylon carpet for

certain applications (i.e., hospital use) (19).

Nylon exhibits similar light resistance as cotton, but if it

is left in direct sunlight for several weeks, it may actually

decompose. Dyestuffs applied to nylon may either accelerate or

retard the rate of photodegradation in the fiber during light

exposure ( 19)

.

Chemistry £f_ Dvestuf fs

Historically, researchers investigated the molecular

structure of dyes in an attempt to understand chemical properties

responsible for the color of dyestuffs. It has been suggested by

Witt (36) that certain functional groups such as nitro, nitroso,

azo, and carbonyl give substances the potentiality of becoming

colored. He called these groups "chromophor es". Later he found

that in addition to the chromophores, other functional groups

called "auxochromes", which included amino, substituted amino

hydroxyl, sulphonic or carboxyl groups, assisted chromophores in

becoming a useful dyes (36). Organic compounds that are observed

as having color are those whose absorption bands fall within the

visible radiation range (sensitive to the human eye) (36).

Dyestuffs may be classified according to their application.

Acid and disperse dyes are two examples of this classification.

10



They also may be classified according to their chemical consti-

tution. A specific chemical class (i.e., azo -N=N-) can be found

amongst several of the application classes (5). The chemical

classes of the acid and disperse dyes used in this study will be

reviewed.

Azo Dyes

The characteristic chromophore of the azo chemical class of

dyes is the azo group -N=N-. Azo dyes usually contain hydroxyl

(-0H) or amino (-NHR, -NR ) functional groups as auxochromes.

This class is the largest single class of synthetic dyes and has

the widest range of applications. Azo dyes are divided according

to the number of azo groups present in the dye structure. The

processes of diazotization or coupling is applicable to a great

number of compounds, which enables the synthesis of "disazo" and

"polyazo" dyes of various types. Certain azo compounds

themselves are capable of being diazotized or coupled (5, 37).

An example of an azo class dye is C.I. Disperse Yellow 3.

HO

H3C-C0-HNYoVn=n-(o)
'rCH,

C.I. Disperse Yellow 3

Monoazo Dyes

Monoazo dyes have only one azo group (R-N=N-R') in their

structure. In Colour lnii£_x. (5), monoazo dyes are subdivided into

11



1) dyes without water solublizing groups, and 2) water-soluble

dyes containing -COOH, -SO3H, or other water solublizing groups.

C.I. Disperse Red 17, and C.I. Acid Red 17 are respective

examples of water-insoluble and water-soluble classes of monoazo

dye. C l

HOC—N-/0)-S03NaH3C.

°2Nh(0)-n ' N-/0)-N <C2H40H)2 Na03S-/oV N= N-C
<

C.I. Disperse Red 17

CH 3

C.I. Acid Yellow 17

Disazo Dyes

This class of dyes has two azo groups ( R-N=N-R'-N=N-R' ) in

their structure. They are more complex dyes which often contain

other constituents such as phenol, naphthol, aminonaphthol,

sulfonic acid, or/and water solublizing groups. The majority

of disazo dyes are acid mordant dyes (i.e., C.I. Acid Red 99).

Only a few of them belong to the water-insoluble class of dyes.

OH J^3H3P HO
v

N a03S-^s^S-SQ3Na

C.I. Acid Red 99

Anthraquinone Dyes

The characteristic feature of the anthraquinone dyes is the

carbonyl group as the chromophore which may be present once or

more times in the structure.

12



o o

The carbonyl group is frequently associated with auxochromic

hydroxy or amino groups and their substituted forms such as -NHR,

-NR , -NHCOR, -OR.

Anthraquinone dyes are subdivided into two groups: 1) dyes

without a heterocyclic nucleus fused to a central vatting system,

and 2) dyes with a heterocyclic nucleus fused to a central

vatting system. Dyes in the first group contain the simplest

quinones and their derivatives, such as C.I. Acid Blue 25:

(§xSff
so3Na

6 HN-(5)
C.I. Acid Blue 25

Dyes in the second group contain at least one heterocyclic

nucleus fused to a carbocyclic nucleus, such as anthraquinone or

benzanthrone. C.I. Acid Red 81 is an example for this group:
o

HC N.CH„

o
YoVso,HNH-(JV S

3 Na

C.I. Acid Red 81

Application Classes o_£ Carpet Dves

Acid and disperse dyes are commonly used for dyeing nylon

13



fibers, although basic dyes can be used on cationic dyeable

carpet yarns for styling purposes, such as bidyes and tridyes,

and to achieve differential dyeing effects (5, 10).

The acid dyestuffs are water-soluble anionic compounds that

are characterized by the presence of one or more sulphonic acid

(-SO H) or other acidic groups in their molecules, but a few

contain carboxylic acid groups. Most acid dyes are sodium salts

of organic acid, and their active coloured components are anions.

They usually are applied in a bath containing mineral or organic

acid such as sulphuric acid or ammonium sulphate. Acid dyes have

affinity for fibers that have amine groups on their molecules,

such as wool, silk, nylon, and modified acrylic fibers. Chemi-

cally, acid dyes consist of azo, anthraquinone, triphenylmethane,

azine, xanthene, ketonimine, nitro, and nitorso compounds. A

complete range of hues can be obtained with acid dyes. Many of

them are very bright and have fastness properties from poor to

very good (5, 36 , 37)

.

There are three main application classes of acid dyes, based

on the acidity of the dye bath and concentration of the electro-

lyte. The first type is usually called Leveling Acid Dyes. The

type of acid used in this method is sulphuric acid, which is a

strong acid used to maintain the pH of dyebath less than 3-5.

Glauber's salt is employed in the dyebath as a retarding agent to

control the rate of dye exhaustion. The second type is called

Milling or Less Leveling Acid Dyes (5, 35). Acetic acid was

14



traditionally used in this method because it is a weaker acid

than sulphuric acid. The pH value of the dyebath is between 3.5-

5.5. The retarding agent also should be used in this method to

slow down the rate of exhaustion. The last type is Super Milling

Dyes or Neutral Dyeing Acid Dyes. Ammonium acetate or ammonium

sulphate is used in this method and pH is between 5.5 - 7.00.

Glauber's salt is not used in this method because it accelerates

rather than retards the rate of dyeing. The washfastness and

lightfastness of Super Hilling Dyes usually are greater than dyes

within the two other types (5. 36, 37).

Disperse dyes were previously known as acetate dyes,

dispersal dyes, or dispersion dyes. They are currently defined

by the Society of Dyers and Colourists as "substantially

water-insoluble dyes" having substantivity for one or more

hydrophilic fibers, and usually are applied from a fine aqueous

dispersion (5). The importance of water insoluble disperse dyes

has increased even more with the development of man-made fibers,

such as polyester, nylon, triacetate, and acrylics, all of which

are more hydrophobic than cellulose acetate (5, 36, 37).

Disperse dyes usually are primary, secondary. or tertiary

amines of one of the following three types: 1) aminoazobenzene,

2) aminoanthraquinones, and 3) nitrodiarylamines. Nearly all

disperse dyes are azo (mostly monoazo) dyes or anthraquinone,

substituted by NH
2

or NRR' , in which R and/or R' are -CH
2
-CH

2
OH,

-CH
2
CH,CN, or similar groups designed to balance hydrophobic and

15



hydrophilic properties. The fastness properties of disperse dyes

have increased greatly since 1953 (5. 36).

Disperse dyes must be brought into a state of fine

suspension in the dyebath by adding a sufficient amount of water

and synthetic dispersing agent (36). Table I shows the different

dyeing methods suitable for applying disperse dyes as suggested

by Colour J_njie_x. ( 5 ) .

Colorf astness fl£ Dyes

Colorf astness properties are among the most important

criteria used in assessing the commercial use of a dye. Color-

fastness is affected by light exposure, ozone, other atmospheric

conditions, or the presence of certain chemicals (i.e., acne

medicine) which may degrade the chemical structure of the dye.

The important categories of fastness of dyes are color fastness

to light, gas fumes, ozone fading, sublimation, and washing (26).

When dyes are degraded, two changes may occur. First is a

change in the shade (hue) and/or depth of shade, and second is

physical degradation of the dye (26, 35). The change of the

shade or discoloration of the dye is an important concern for

textile and carpet industries. The colorf astness of a dyed fiber

is dependent upon the chemical structure of the dye chromophore,

the functional groups present; and the molecular weight, size,

and shape of the dye (45) . For example, dye structures with

hydroxyl groups are, in general, sensitive to alkaline conditions

16



TABLE I

Summary of Typical Methods of Applying

Disperse Dyes to Nylon Fiber

Dyeing Method

N (Normal Temperature)

Ne (Normal Temperature + Carrier)

Nylon

80-100 C, 45-90 minutes

HT (High Temperature, i.e., in

pressurized Systems) 110-130°C, 30 minutes (Coverage

of physical variations improved

over method N)

DD (Diazotise and Develop; a

Three Bath Process) (i) Dyes Base Dye a Method N

(ii) Diazotise = 20°C, 30 minutes
(iii) Develop Commence Cold,

Raise Temperature to 60 c,

Maintain for 30 minutes

3A (3 Bath Azoic)

2A (2 Bath Azoic), Includes
also Methods 2Az.c and 2Az

Not Applicable

(i) Apply Ase Dye = Developer

or Azoic Combination)
(ii) Diazotise = 10 minutes Cold

Raise to 60°C; Maintain 30

minutes

T (Pad/ Thermofix) Pad, dry and fix for 60 seconds
at 185-190°C (nylon 6), or 200-

210°C (nylon 6-6)

Pad/ Roll

Pad/Steam

Batch, 2-4 hours at 90-95°C,
drybulb and 85-90°C wet bulb

Fix as for prints

17



which can cause color shifts (i.e., red dyes shift to bluer or

duller shades) (47) .

The effect of light on the chemical constitution of the

dyestuffs is a complicated subject which still is not clearly

understood. When the dye molecule absorbs light, electrical

transitions occur in the structure of the dye molecule which

convert it into an excited state within the single or/and triplet

state. Such an excited molecule can even react with atmospheric

gases (i.e., ozone, moisture) or the fiber substrate. Some dye

types undergo oxidation and others reduction (9, 26, 35).

The photostabil ity of anthraquinone dyes in man-made

polymers has been studied (26). Anthraquinone type disperse dyes

are used on synthetic fibers. Different derivatives of

anthraquinone dyes have different properties based on their

functional groups. Hydrogen anthraquinone derivative dyes are

commercially important because of their high light resistance

properties as disperse dyes on polyester fibers or as vat dyes on

cellulosic fibers. Alizarin dye or 1 ,2-dihydroxy anthraquinone

with the chemical structure of (C-. H
g 4

) Fe
2

. FeO is another

derivative with high light stability. Alizarin has been used for

centuries in coloring furnishings such as the world famous

Persian carpets. However, 2-hydroxy anthraquinone dyes have poor

lightf astness properties. These studies show that the reason 1-

hydroxy-substituted anthraquinone has high 1 ightf astness is

because it deactivates the photoexcited dye within the singlet

18



and/or triplet state by reversible exchange of protons across the

strong intermolecular hydrogen bond. In the case of 2-hydroxy

derivatives, the high polarity of the dye weakens the inter-

molecular hydrogen bonds which results in poor lightf astness

(26). In general, the fastness of dyestuffs to light depends on

the "-electron derealization or electron mobility. For example,

the predominant contributing structure of nitrodimethylaminoazo-

benzene increases the electron mobility of the molecule, thereby

decreasing lightf astness.

-J^/Q-^f-<

The introduction of different substituted functional groups,

such as amino, aminohydroxy , aminochloro, or aminocarboxy groups, t,

often results in a decrease in lightf astness properties (45, 46).

On the other hand, electron withdrawing groups inserted in the

ortho position often improves lightf astness. For example 2-

fluoroalkyl groups seems to be very effective on lightf astness,

while having fluorine atoms on the C, or C. positions have no

additional effect on 1 ightf astness properties. Dye structures

with nitro group in the ortho position also are more resistant to

light, whereas, nitro groups in the para positions often reduce

the lightfastness of the dye (see Table II) (26, 35).

Gas fading is caused by nitrogen dioxide (-NO.), sulfur
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Table II

Light Fastness Properties Of Dyestuffs With Nitro Groups

Structure Light Fastness

ho-(o)-nhYo}-no2

NO,

Moderate

"zN-aOV NH-OT>-N02 Moderate

N02

Excellent

h 3ochn-/0)-nhh(o\

N02

Excellent

(0)-NH^O)-N02

N02

Moderate

{0)-NH-/0)-CI

NO,

Excellent

Sunthankar, S. V. , "Chemical Constitution and Fastness of Disperse
Dyes".
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dioxide (-SC^), and other gases present in the atmosphere. The

fastness of dyes to NO- gas is dependent upon the nucleophil ity

of the amino or alkylamino groups present in the dye structure.

The gas is first absorbed by the fiber, then it reacts with dye

molecules, starting with diazotization of the primary amino

groups, then nitrozation of the secondary amino groups and at

last oxidation of the dye. Azo dyes (-N=N-) are more sensitive

to gas fading than are many other chemical classes of dyes (see

Table III) (26, 35) .

Atmospheric ozone (O3) also causes fading in dyed fabrics.

Since ozone is a more powerful oxidizing agent than nitrogen

dioxide, it can easily react with nucleophilic groups such as

those that react with nitrogen dioxide (26).

The fastness of a dye to washing is dependent upon the size

of the dye structure and method of dye/fiber association. Dye

molecules with a larger chemical structure are more resistant to

washing (26). Covalent and ionic bonding imparts greater

substantiv ity and resistance to washing than hydrogen bonding or

other secondary valence forces.

No published research studies are available on the mechan-

isms involved in the discoloration of dyestuffs with insecticides,

products. In the case of or ganophosphate insecticides, however,

some theories suggest that the organophosphate insecticides are

converted to phosphoric acid which reacts with the dyes causing

dye discoloration.

21



Table III

Gas Fastness Of Dyestuffs With Amine Groups

Structure Gas Fastness
AATCC Gray
Scale Units

1 !f
H2

NHC4H9

O NH,

O NHC4Hg

NH,
CN

O NHC4H9

O NH2

O NHph

HO O NH-^0>-OC2H40H

2N O O

HO O NH-(0

Very Good

Good

Poor

Poor

Very Good

OC2H4OH Very Good

4-5

Sunthankar, S. V. , "Chemical Constitution and Fastness of Disperse
Dyes".
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Pesticides

The National Household Pesticide Usage Study (15) showed

that from every ten households in the United States, nine are

using some type of pesticide in the house, garden, yard, or on

family pets. Such wide-spread use of pesticides in and about the

home is considered a significant source of pesticide exposure to

the general population. This study also showed that the

proportion of pesticides used in households differed among the

various geographic regions of the United States. Households in

the Southeastern region were using pesticides more frequently

than those in Northern and mountainous areas. The number of

different pesticide formulations used by the 8,254 householders

in this study was over 500. Among the pesticide products listed,

15 pesticide formulations accounted for 65.5 percent of the total

volume of pesticides. As shown in Table IV, among the 14

pesticides listed, 12 were insecticides, one was a herbicide (2-

4-D and Silvex), and one was a rodenticide (Warfarin) (15).

The most efficient means of controlling pests is to select

insecticides which are effective on specific target insects.

There are different kinds of pests which can be found in homes.

Some of the common household pests are cockroaches, (Oriental,

American, German, and Brown-banded), house flies, black carpet

beetles, webbing clothes moth, silverfish, fleas, ticks, ants,

termites, and boxelder bugs (3).

23



TABLE IV

Most Prevalent Pesticides in U.S. Households* :

National Pesticide Usage Study-

Estimated Number of U.S.

Pesticide Formulations Households With Compounds

Dichlorvos 9,868,937

Resmethrin 7,080,779

Pyrethrin 6,434,842

Chlordane 5,510,906

Sevin 5,053,027

2-4-D and Silvex 3,998,269

Diazinon 3,671,212

Baygon and DDVP 3,286,920

Malathion 3,123,392

Metaldehyde 3,000,746

Warfarin 2,779,982

Arprocarb 2,771,806

Captan, Methoxychlor,
Rotenone and Rotenoids 2,240,339

Ovex, Lindane, Rotenone
and Folpet 2,150,398

•The total number of households in United States at the time of

the study was 73,297,000.
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Each of the above pests tend to have a different inhabitance

and life cycle. For example, brown-banded cockroaches prefer

living rooms of dwellings and apartments where they hide in

cracks, woodwork, or furniture. German cockroaches tend to

appear in kitchens and bathrooms and are very difficult to

control. Fleas and brown-dog ticks attack the host animal or

the bedding of the infested host animal (3). Table V shows

insecticides recommended for killing various household pests (3).

Commercial Pesticide Formulations

Pesticides are substance used to control pests. There are

various categories of pesticides, depending on the type of pest

for which they are intended to control (i.e., insecticides,

fungicides, herbicides, rodenticides, bactericides, etc.). Most

pesticidal chemicals are not used in their pure form, but are

formulated into commercial products. Formulations of the

pesticidal compounds usually improve ease of application,

effectiveness, handling, storage, and safety to the applicator

and environment. The formulation can be done either by the

pesticide manufacturer or formulator. The formulation,

concentration, and additive chemicals vary in commercially

formulated products, depending on the properties of the active

pesticidal chemical and the intended end-use. Common formula-

tions of pesticides include sprays; dusts with carrier such as

talc and clay; aerosols; granulars; fumigants; and baits such as

sugar, starches, or meat scraps. Each of these forms have their
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TABLE V

Recommended Insecticides for Different Insects
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Insects and
Related Pests

Ant 1 2 1 1 1 1 2 2 2 2 2

Boxelder Bug 2 2 2 1

Carpet Beetle 2 2 1 1 1 2 2 2 2

Clothes Moth 2 2 2 1 1 2

Cockroach 1 2 1 1 1 2 1 1 1 2

Fleas, Cat/Dog 2 2 2 2 1 2 2 2 2 2

Silverfish/Firebrat 1 1 1 1 1 2 1 2

Flies 2 1 1 1 2 1 1

Tick 1 2 1 1 1 2 2 2 2 2 2

Key to Comments

(a) Short Residual (less than one day) for quick knockdowns.
(b) Moderate Residual (1-15 days), gentle spray.

(0) Long Residual (more than 15 days), limited to crack and
crevice, spot treatment or baits,

(d) Long Residual (more than 15 days), general treatment.

Insecticidal Groups

(1) Material of choise of proven value to PCO's in controling
this pest.

(2) Alternative material useful in some situations.
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own subdivisions. For example, spray forms are available as

emulsified concentrates, wettable powders, oil solutions, soluble

pellets, sprayable suspensions, and fogging agents (38).

Chemistry of Insecticides

Raw materials for insecticides include arsenicals, petroleum

oils, nicotine, pyrethrum, rotenone, sulfur, hydrogen cyanide

gas, and cryolite, Insecticides are divided into different

classes based on their chemical content (3d) . Organochlorines,

organophosphates, organochlorines, organosulfurs, botanicals,

carbamates, formanidines, thiocy ana tes, dinitrophenols, organo-

tins, and synergists (or activators) are examples of major

insecticide classes. The insecticides selected for this research

are members of following classes:

Organophosphates (OP) are commonly used around the home and

garden. Other common names for this class are organic phos-

phates, phosphorus insecticides, nerve gas relatives, phosphoric

acid esters or phosphorus esters, phosphates, and phosphate in-

secticides. Normally, organophosphate is used as a generic term,

and all the insecticides within this class are derived from

phosphoric acid. They are generally the most toxic chemical

class of insecticides. Because of the chemical structure and

mode of action of OP's, they are related to the "nerve gases".

They impose their toxic action by inhibiting certain important

enzymes in the nervous system. Compared to organochlorines the

OP's are more chemically unstable or nonpersistent. Because of
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this characteristic, they often are used as a substitute for the

more persistent organochlorines (20, 38).

Various combinations of oxygen, carbon, sulfur, and nitrogen

can be attached to the phosphorus moiety to make different types

of OP insecticides. The six subclasses of OP' s are (38):

phosphate phosphonate
O O

°4-n O
o-

p-0 «^_
c

phosphorothioate phosphorothiolate

S O
°-JI „ °\ll „^p-o p-s

phosphorodithioate phosphor ami date
S

^p-s
o

0-" " /P-N

The OP' s are further divided into three classes: the aliphatic,

phenyl, and heteracyclic derivatives. The aliphatics have a

linear structure containing short carbon chains. Malathion,

trichlorfon (Dylox), and dichlorvos (Vapona) are three examples

of this class. Malathion is commonly used in and around the home

with little or no hazard either to humans or their pets. It is

more sensitive to alkaline than acidic conditions. Trichlorfon

is a chlorinated OP wnich has been useful for insect control on

crops, in barns, and around the home. Another OP' s insecticide,

dichlorvos, has a high vapor pressure feature which makes it

useful in fumigant applications. It has been incorporated into
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plastic pet collars and pest strips, from which it is released

slowly. It is colorless and has a mild fruity odor. It is

slightly soluable in water, is miscible in most solvents, and it

last several months. It is useful for insect control in the home

and in other closed areas (20, 38).

The phenyl organophosphate insecticides contain a benzene

ring. Frequently, one of the hydrogen in the ring is displaced

by a phosphorus moiety, and the other hydrogens are replaced by

CI, NO., CH, , CN, or S. Parathion and Ronnel (Korlan) are two

insecticides belonging to this class (38).

Hetrocyclics organophosphate insecticides are characterized

by ring structure having different or unlike atoms. For example,

the carbon atoms in the ring are displaced by oxygen, nitrogen,

or sulfur. One of the first insecticides within this class was

diazinon which contains two nitrogen atoms that are substituted

for two carbon atoms in the heterocyclic ring. Diazinon is

frequently used in home, on lawns and gardens, on ornamentals,

around pets, and for fly control in stable and pet quarters.

Chlorpyrif os, another example in this class, has become the most

frequently used insecticide in homes and restaurants for con-

trolling cockroaches and other household insects (20, 38).

Carbamates are derivatives of carbamic acid H0OC-NH. -R.

Carbaryl (Sevin) was the first successful carbamate insecticide,

partly because of its two distinct qualities: low dermal toxicity

and effectiveness in controlling a broad spectrum of insects. It
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is widely used as a lawn and garden insecticide and in the home.

Propoxur (Baygon) is a carbamate that can be used for controlling

those insects that have resistance to the organophosphates or

organochlorines. Because it is a very effective insecticide

against cockroaches, it used by structural pest control operators

for controlling cockroaches and other insects in restaurants and

homes (38)

.

Thiocvanates insecticides are characterized by a thiocyanate

group (-SCH) in their structural formulas. They have a distinct

odors which often is objectionable, but they are relatively safe

to use around humans and animals. They have the quality of quick

knockdown of flying insects. Lethane 384 and Lethane 60 are two

examples of this class (38).

Botanicals are naturally occurring insecticides that come

from the flowers, leaves, and roots of certain plants. The plant

material is either used alone or mixed with other chemicals.

Nicotine, pyrethrin, and rotenone are examples of insecticides

within the botanical class. The insecticides containing

pyrethrin are ideal for home use because they have a rapid

"knockdown" quality. They are among the safest insecticides for

use around humans and domestic animals. However, because of

their relatively low toxicity, insects "downed" by pyrethrin

insecticides may recover and return to life again. Thus, a

synergists often is added to commercial formulations to increase

the effectiveness of the py rethrin-containing insecticides.
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Pyrethrins usually are a mixture of four compound: Pyrethrin I

and II, and cinerin I and II. They differ in two functional

groups and the structural formula of each component is attached

to the main ester structure as shown below (38):

PYRETHRIN I

CH„CH=CHCH=CH„

CINERIN I

R- : -CH
3

PYRETHRIN II

R = -CH
2
CH=CHCH=CH

3

R :

ft'

-CH„CH=CHCH„
2 3

-CH„

R 1 = -C(0)-OCtL R 1

For examples:
CH 3

°vA 9 /^CH 3iw<
R^^Y \LcH =CCH3

CH
3

R'

Effect of Chemical? on Carpet

CINERIN II

R = -CH
2
CH = CHCH

= -C(0)-OCH_

The carpet industry has become increasingly concerned with

the discoloration of carpets caused by different chemicals.

These chemicals either destroy the dyestuffs, alter it, or stain

the carpet by leaving a topical residue which changes the

perceived color. Chemicals such as laundry bleaches, cleaners

for kitchen counters, and institutional cleaners containing

bleaches may cause dye discoloration on carpeting. The chlorine-

based chemicals leave light yellow spots, while oxygen bleaches

fade all dyes to an off-white color. It has been reported that
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even 2-3 hours of high humidity may initiate their attack on

dyes. Pool chemicals used for cleaning and controlling bacteria

growth may cause discoloration in carpet dyes; and disinfectants

such as air deodorizers and household sprays that contain

phenolic chemicals are solvents for some fibers and dyes. Face

creams that are used for removal of freckles, birthmarks, and

other darkened areas in human skin can fade dyes appreciably.

Also, products such as plant foods and fertilizers which usually

contain organophosphates for growth, dandruff shampoos containing

sulfur compounds, tile cleaners with strong detergents, mildew

fighters with chlorine compounds, and pesticides may cause dye

discoloration in carpets (6). In the last few years, many

products such as acne medicines and pet care medicines for mange

have entered the market containing benzoyl peroxide as the active

ingredient. Benzoyl peroxide is a very strong oxidizing agent

which is water-insoluble and cannot be easily washed off of skin

or out of fabrics. An extremely low concentration of this

chemical (<0.02J) is capable of destroying most dyestuffs used in

carpet. Since benzoyl peroxide was approved by the Food and Drug

Administration for over-the-counter sale, products containing

spots. The reaction between benzoyl peroxide and a dye results

in a bright yellow spot with an orange border or halo on

polyamide or a bone yellow stain on polyester, cellulosic, or

polyolefin fibers. On blue carpet, the spots usually appear

slightly pink. Other textiles such as pillow cases, sheets,
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towels, upholstery fabrics, and clothing also can be discolored

by products containing benzyl peroxide. Humidity accelerates the

discoloration, thus making these spots more apparent (4, 6) .

Acne medicines containing benzoyl peroxide are considered as

"latent intruders". This refers to the products which spills on

the carpet, but cannot be seen immediately. It can sit on the

carpet for months, until conditions (high humidity and

temperature) initiate its attack on dyes, thus making these spots

more apparent (4, 6).

Effect of Ozone on Carpet

In nature ozone (0 )is generated from oxygen by ultraviolet

radiation in the stratosphere. The concentration of the ozone in

the upper atmosphere can reach 500 parts per hundred million

(pphm) , depending on the season and the latitude. The concen-

trations of ozone at ground level is usually around 1-5 pphm at

sea level, 2-5 pphm during the day, and in the lower range during

the night. Another source for ozone is electric charges of

lightening during thunderstorms (16, 3D. Ozone also exists in

smog in large cities. It is produced when atmospheric pollutants

such as hydrocarbons and nitrogen dioxide are irradiated with

ultraviolet light in the presence of air. Various aldehydes and

acids also may cause the formation of ozone. The photochemistry

of ozone formation is shown below:

N0
2

+ Light > NO +

NOj + Hydrocarbons + Sun light > Ozone + Smog
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Ozone fading was first discovered during a field test that

evaluated the effects of nitrogen oxides (-NO, ) on blue

anthraquinone dyed acetate fabrics. The result of this test

showed that nitrogen oxides were not responsible for faded

samples of blue anthraquinone acetate, but some other agent

caused the fading. Further studies by Salvin and Walker (22)

showed that all blue and some red anthraquinone dyes were

sensitive to ozone (22, 23, 3D.

Haylock and Rush (17) examined the effects of fiber

properties, exposure conditions (temperature, humidity and ozone

concentration), and dye structure on the rate of ozone fading on

nylon carpet yarn. Fiber properties evaluated included cross-

section, steam heat setting, and fiber draw ratio. Results

showed that fibers with round cross- sectional shapes with a low

surface area were more resistant to ozone fading than a Y-shaped

fibers with a higher surface area. Heat setting was another

important factor that affected ozone fading. A dramatic increase

in the rate of ozone fading occurred as the heat setting

temperature was increased. Ozone fading was reduced in nylon by

increasing the draw ratio. Generally, increases in drawing ratio

leads to the higher orientation which imparts greater resistance

to ozone ( 16 , 18).

Haylock and Rush (17) also found that by increasing both

temperature, humidity, and ozone concentration, the rate of ozone

fading was increased. Under high Humidity conditions, the
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structure of nylon fiber becomes more open, therefore, ozone can

easily diffuse into the fiber and destroy the dye (16, 17, 24).

Selvin (31) also reported that high humidity conditions

accelerated ozone fading of disperse dyes on nylon 6 and 66. (22,

3D. Since most of the carpet fading complaints attributed to

ozone came from coastal areas of Texas and Florida, this type of

fading was labeled "Gulf Cost Fading". Both of these places have

hot and humid climates which accelerate ozone fading (16, 22,

24) .

Since the molecular size of the dye influences dye migration

to the fiber surface where ozone fading is more likely to occur,

smaller dye molecules have a greater potential for ozone fading

(17, 24). Similarly, disperse dye desorb from nylon at a much

higher rate than basic dyes or acid dyes. Basic dyes are less

resistant to ozone fading than acid dyes (16, 17, 23).

For better ozone fastness on nylon carpets, Lewis (39)

suggested that "since it is only the disperse blue component

causing an ozone fastness problem, there is an alternative to

completely reformulating with acid dyes. Substitution of a level

dyeing acid blue dye for the disperse blue used along with a

disperse yellow and red is the easiest change to make." Almost

no ozone fading was observed on disperse azo red and yellow dyes

or diphenylamine yellow dyes (23). Ozone fading also may be

improved by manipulating fiber morphology by mechanical and/or

thermal means to give a more fiber compact structure which
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decreases dye mobility; or by using high molecular weight

dyestuffs which diffuses more slowly (24).

Effect of Insecticides on Carpet

Certain insecticides have been found to cause color changes

on carpet. This issue is certainly not a new problem, but only

recently has it been discussed openly by pesticide formulators,

carpet manufacturers, and certified pest control operators. In

1979, the Carpet and Rug Institute (CRI), National Pest Control

Association (NPCA), as well as individual insecticide manu-

facturers and formulators, began receiving occasional complaints

pertaining to insecticide discoloration of carpeting. The majo-

rity of the complaints focused on selected red dyes on nylon

carpets which reacted with certain organophosphate insecticides.

Many red dyes are acid-base sensitive; thus, acidic or alkaline

conditions may alter the color of a carpeting containing a red

dyes to green (30, 39). This can happen either around the base-

board areas if a localized application method had been used, or

to the entire carpet surface if the pesticide had been applied in

the form of a mist (25).

Color change or fading caused by insecticides is accelerated

by high temperature and high humidity and may be made more

drastic by direct exposure to sunlight or strong ultraviolet

sources, such as "plant lights" (29). In some cases,

insecticidal chemicals that were no longer active on pests at a
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latter time, changed the color of the carpeting. In such cases,

usually moisture and humidity or light exposure were responsible

for discoloration (33) .

Also there have been several reports of stained carpets that

have resulted from the application of insecticides on carpeting

to control fleas (2). These reports showed that direct contact

of certain insecticidal chemicals on carpets have resulted in dye

discoloration of selected dyestuff. The need for indoor flea

control has increased enormously in the last decade because the

dry summers in many regions of the country which is favorable for

development of flea larvae. For successful flea control

treatment, indoor certified pest control operators suggested that

residual insecticides should be applied to carpets, floors,

furniture, and pet resting areas (2, 34). Two methods that

usually are suggested by industry for flea control are fan

spraying around the baseboard or edges of carpets, and pin steam

applications (30).

Insecticide products which are widely used for indoor flea

control are Precore, Knox Out, Tetramethrin, Resmethrin, Ronnal,

Pyrethrin, Halathion, Ficam, Dursban, Baygon, Safrotin, DDVP, and

Sevin (2). Recent research indicates that several of the above

insecticides such as Diazlnon, Vaponite (DDVP), and Malathion can

cause color changes in carpeting by chemically reacting with the

dyes (4, 25, 30). Research by Reagan et al (12), has shown that,

in addition to the above insecticides, resmethrin, tetramethrin,
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permethrin, and oarbaryl can cause appreciate color change,

especially with high temperature and humidity and light exposure.

Because of the increase in the number of consumers

complaints in recent years and the severity of the carpet

discoloration, the CRI Ad Hoc Committee on pesticides was

established in September 1981. The purpose of this committee was

to investigate the reasons for discoloration of the carpet by

pesticides, to develop screening tests for evaluating insecti-

cides and dyes, and to disseminate the results of the study to

the carpet and pesticides industries (6, 13). The Committee

evaluated eighteen dyestuffs and twelve different pesticides.

The dyestuffs included: C.I. Disperse Red 17, 55, 340, and 309;

Telon Acid Red RLL, Eastman Acid Red KSC, 2BDR, and; C.I. Acid

Red 299, 337, 360, 361, 394, and 396. The pesticides tested

were: Malathion, DDVP, Diazinon, Dursban, Knox Out, Dursban L.O.
,

Safrotin, Orthene, Sumithion, Ficam W, and Baygon (6, 13). The

result of this study showed that the following pesticides create

an unacceptable color change in the above carpet dyes: DDVP,

Malathion, orthene, and Sumithion (6, 13).

One carpet manufacturer on the Ad Hoc Committee reported

that f enitrothion, sold by Samitomo Chemical American Inc. under

the trade name of Sumithion was not even recommended for use on

carpets in the U.S. The finding of CRI investigation, in addition

to many carpet discoloration reports resulted in the inclusion of

warnings on insecticide products by manufacturers. For example,
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Chevron has added warning statements to the labels of suspected

rug-discoloring chemicals (29). Perntiss Company also has

included warnings on their Prentox products; and since June of

1982, Shell Chemical Company has placed a more cryptic, but

equally effective, notice on their Vaponite labels which reads:

"Do Not Use On Carpet" (39).

The AATCC study investigated the effects of 20 insecticidal

chemicals (technical grade) on the colorf astness of 21 acid dyes

and 9 disperse dyes applied to nylon, and 17 disperse dyes

applied to polyester carpet yarn. The insecticides evaluated in

this study were representative of different chemical classes of

pesticides such as, botanicals, carbamates, carboximides,

chlorinated hydrocarbons, organophosphates, pyrethroids, and

thiocyanates. Specimens were treated with 5% (w,w)

insecticide/acetone solutions and exposed to following tests. 1)

standard condition, 2) high temperature and humidity, and 3)

xenon light. The treated/exposed specimens were evaluated

instrumentally for color change (12).

The result of this study showed that some of the insec-

ticidal chemicals caused an appreciable color change in standard

temperature conditions. The greatest amount of discoloration in

this test was caused by fenitrothion, dichlorvos, pyrethrum,

carbaryl, and acephate, respectively. The least amount of color

change among all the specimens were observed for the untreated

samples. The result of the high temperature and humidity test
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showed that among the insecticides evaluated acephate, allethrin,

carbaryl, dichlorvos, fenitrothion, malathion, pyrethrum and

trichlorfon caused the greatest discoloration on the dyed carpet

samples. The least amount of color change in this test was

exhibited by lindane, methoxychlor, carboximide, and lethane 384.

Diazinon, propetamphos, and chlorpyrifos caused less color change

on than did the other organophosphates. Among the pyrethroids,

allethrin was responsible for the greatest color change in this

test.

In xenon exposure test, many of the insecticides decreased

the lightf astness of the dyed samples. Feni throthion, carbaryl,

and trichlorfon were responsible for the greatest color change

during light exposures. The pyrethroids also caused decreases in

1 ightf astness. Minimal discolorations were obtained by the

chlorinated hydrocarbon insecticides, dicarboximide which was the

only a synergist, and Lethane 384 (12).

The AATCC study was the most comprehensive investigations on

the influence of insecticides on dyed carpet. The CRI Committee

only evaluated red acid and disperse dyestuffs, and a limited

number of insecticidal chemicals (5). In the above studies, no

attempt was made to identify the chemical mechanism responsible

for discoloration, such as functional groups susceptible to

deterioration by insecticides and the resulting chemical change.
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The purpose of this study was to 1) investigate the effects

of selected commercial insecticidal products (rather than pure

form) on the colorf astness of acid and disperse dyes, 2) to

evaluate the effects of inactive ingredients in the formulation

on the same samples by comparing the data of this study with the

AATCC study. This research is needed because emulsifiers,

dilutents, and other product additives may influence the dele-

terious effects of insecticidal chemicals. This study included

products representative of the insecticidal chemicals previously

evaluated in AATCC study.

The commercial insecticides selected for evaluation were

EPA-approved for home use. A few of the insecticides (feni-

trothion, thrichlorf on, methoxychlor ) were not represented in

this study because they are no longer used in and about the home

to control insect pests. The results of this study will be of

benefit to carpet manufacturers in selecting dyes which are the

least sensitive to various insecticides. It also will enable

pesticide formulators to assess the combined effects of

insecticidal chemicals and formulation additives on carpet

discoloration.
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EXPERIMENTAL PROCEDURE

This study investigated the effects of 15 commercial

insecticide products on the colorf astness of 21 acid dyes and 9

disperse dyes applied to nylon 6 carpet yarn. The carpet samples

were treated with 5% (w/w) concentration of the insecticide

products. The parameters examined were the influence of 1)

standard temperature, 2) high temperature and humidity, 3) xenon

light and 4) ozone exposure on the color of dyed and treated

samples.

Fabric

To facilitate insecticide application, subsequent exposure

of the yarn to the four parameters of the study, and instrumental

color evaluation, the ANSO 80-IV nylon 6 (Allied Fiber and

Plastics Company) staple carpet yarns were constructed into 7.5

cm diameter single bar, circular filling knit test sleeves.

They were cut into 8-meter lengths and then randomly assigned to

the acid and disperse dyes. Fiber, yarn, and fabric

properties as well as construction characteristics are

specified in Table VI. Both the fiber type and yarn character-

istics are typical of those used in the manufacturing of tufted

residential carpeting.
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TABLE VI

Characteristics of Nylon 6 Fabric

Commercial name

Fiber type

Staple lenght

Fiber denier

Cross- section

Lu3ter

Yarn count

Twist

Heat set (yarn)

Fabric count

:

Wales/cm
Courses/cm

Fabric weight

ANSO 80-IV

T-880

20 cm

15

Trilobal

Bright

3's/2 ply

4.9Z/4.2S

126°C

2.7
3.2

599 g/m
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Dvestuff s

The acid and disperse dyes evaluated in this study were

selected on the basis of hue, application class, and accepted

usage on nylon carpet fibers. The C.I. Generic Names, C.I.

Constitution Number, and chemical class for each dye are listed

in Table VII.

The dyeing conditions used by Allied Fibers and Plastics in

applying the acid and disperse dyes to the nylon fabric are

specified below. All dyes were applied at a 0.5? owf depth of

shade.

Dveing procedure for nvlon £ In Saucier sam pi e back flveing
machine :

1. Liquid-to-goods ratio: 30:1
2. Set bath at 25°C, add 1.0? owf Triton X-100 wetting agent

(for disperse dyebaths) or 1.0? owf Dowfax 2 Al leveling
agent (for acid dyebaths), and run for 5 minutes.

3. Add dye (premix concentrate), adjust pH to 7.0± 0.2
with monosodium phosphate, and run for 5 minutes.

4. Raise bath temperature 3 C/minute to the dyeing tempera-
ture of 96-98°C and run for 45 minutes.

5. Cool bath, dump, and rinse twice at 25°C for 10 minutes.
6. Centrifugal extract.
7. Dry at 120°C in Grieve oven for 30 minutes.

Sam pl e Preparation

The nylon knitted test sleeves (7.5 cm diameter, 18 cm

circumference) were cut into samples measuring 12.7 x 17.8 cm

and randomly assigned to the 15 pesticide treatments. Two random

samples were used as the untreated controls. A total of 17
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samples were prepared from each dye type. The samples were then

labeled with the appropriate insecticide/dy estuf f codes.

Insecticide Treatment

The 15 commercial insecticide products selected for this

study represented the major classes of insecticides that are

frequently used in pesticide products EPA approved for home use.

The major chemical classes of insecticides evaluated in this

study were: organophosphate, pyrethroid, carbamate, and

thiocyanate. The commercial name of each insecticide along with

the class, common name, chemical name, and structural formula are

given in Table VIII (28) .

The insecticide solutions were prepared prior to each

treatment to prevent degradation. The water-soluable insecti-

cides were diluted to 5% Cw/w) solutions with the proper amount

of water, based on percentage of active ingredient in each

commercial insecticide. The petroleum- soluble insecticides with

less than 5% of the active ingredients were used in the concen-

trated form as packaged by the manufacturer. Table IX shows the

percentage of active ingredient and recommended diluent for each

of the insecticide products.

An immersion technique was selected for treating the carpet

specimens with the insecticide solutions. The buret technique

was not suitable for this project because the aqueous solutions

of insecticides were not adsorbed readily by the nylon as were
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TABLE IX

Percentage of Active Ingredient In Commercial Insecticide Products

Chemical Name
Rec.

Cone
%

A.I.

5$ Concentration

Trade Name

Actual
Amount
(gr)

H20
(ml)

Bonid House Hold
Flea Killer

Lethane 384 3.1 1000.0 0.0

Baygon 70$ Propoxur 1 .0$ 76.0 71.4 928.6

Diazinon 4E Diazinon 0.5-1 .0$ 47.0 105.3 894.7

Dursban L0 Chlorpyrifos 0.2-0 .5$ 42.0 119.0 881.0

Dylox Liquid
Solution

Trichlorfon 40.5 123.5 876.5

Evercide Cone.
2362

Fenvalerate 7.1 280.9 719.1

Ficam W Bendiooarb 0.1-0 .5$ 76.0 65.8 934.2

Multicide Cone.

2154

Phenothrin 25.0 200.0 800.0

Orthene PCO Acephate 0.8-1 .0% 97.0 51.6 948.4

Prentox Malathion
50$ cone.

Malathion 50.0 100.0 900.0

Pyrocide Fogging
Cone.

Pyrethrum 5.0 1000.0 0.0

Safrotin Propetamphos 0.5-1 .0% 50.0 100.0 900.0

Sevin SL Carbaryl 43.0 116.3 883.7

Syntox Resmethrin 2.5 1000.0 0.0

Vaponite 2 Dichlorvos .5$ 24.7 202.4 797.6
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the insecticide/acetone solutions (AATCC Study) (12). The

droplets of insecticide solution maintained their spherical shape

and ran off the surface of the substrate. Therefore, the amount

of insecticide applied to the sample could not be controlled.

Because the buret application technique was not suitable, an

immersion method was chosen for insecticide application. Im-

mersion methods have been used in laundering studies on removing

insecticide residues from contaminated textiles. The disad-

vantage of this method is that the add-on cannot be precisely

controlled. Several preliminary test were conducted to determine

the most effective immersion time and concentration. The amount

of insecticide solution applied to the sample was approximately

equivalent to two times the weight of the sample's dry weight.

The dry weight of untreated samples was recorded, samples were

treated with the insecticide solution, and after allowing the

samples to drip for two minutes, the samples were reweighted to

determine the percent wet pickup.

Because insecticide discoloration of dyes usually occurs

after repeated application, a 5% concentration was selected for

insecticides treatment which is equivalent to approximately ten

times the recommended concentration for the application of

commercial insecticide products.

Pyrex dishes were used for specimen treatment. The speci-

mens for each insecticide treatment were divided into two groups.

The bottom of the Pyrex dish was covered with a sheet of fiber
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glass screen. After filling the dish with the insecticide solu-

tion, the specimens were immersed in the solution for 5 minutes

and subsequently removed by raising the fiber glass screen.

After the samples were allowed to drip-dry for 2 minutes, they

were placed in another Pyrex dish that was covered with two

layers of paper towels to absorb excess solution. The specimens

were placed individually on racks covered with aluminum foil and

allowed to air dry in the fume hood.

After each series of insecticide applications, the Pyrex

dishes and glassware were rinsed with acetone, washed with deter-

gent solution, treated with a standard sulfuric acid and

potassium dichromate solution for 30 minutes, washed, rinsed

twice with acetone and distilled water, and air dried. Pesticide

respirators and other protective clothing were used during treat-

ment to minimize exposure of the researcher to the insecticides.

The same procedure was repeated for all insecticides used in

this research. A total of 496 nylon samples were treated (in-

cludes controls). After treatment the samples were cut into

four specimens and exposed to : 1) standard temperature, 2) high

temperature and high humidity, 3) xenon light, and 4) ozone.

standard Conditions

Individual pesticide-treated specimens (5.1 x 6.4 cm) were

separated by Fisherband glass fiber filter circles (24 cm

diameter), wrapped in Saran, and packed in zip-lock plastic bags.

The bags were stored at standard temperature (21 ± 3° C ) for 1,000
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hours, then instrumentally evaluated for color change.

Hi, £h Temperature/ High Humidity Exposure

The purpose of this test was to determine whether or not the

high temperature and high humidity would accelerate the color

change of the insecticide- treated samples. A modification of the

test developed by the Collins and Aikman Corporation (8), and

specified in the AATCC study was used for this test. The

specimens were inserted into one-pint mason jars containing 2.5

cm of water so that the bottom of the specimen was 5-8 cm above

the top of the surface of the water. Figure 1 illustrates how the

specimens were positioned in the jars. Subsequent to sealing,

the jars were placed in an oven heated to 100°C for 8 hours,

after which the samples were removed, air dried for 24 hours, and

evaluated for color change.

Xenon Light Exposure

Two specimens each (10.0 x 6.5 cm) were mounted in Fade

Ometer Test Mask No. 801-8A and stapled in place as shown in

Figure 2. Covers A, B, C, and D then were removed from the

masks prior to mounting them in the metal sample holders (Type

SL) .

The procedures in the AATCC Test Method 16E, Colorf astness

to Light: Water Cooled Xenon-Arc Lamp, Continuous Light (1) were

followed for the Xenon light exposure tests. Specimens were

exposed for 80 AATCC Fading Units (AFU'S), based on the L6 Blue
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Figure 1 . The inserting of the Specimen in the Jar for High Temperature/
High Humidity Exposure.
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(a) Cb)

Placement of Specimens in Fade-Cxeter Test Mask (a)

and Closed Test Mask with Covers A, B, C, and 0, re-

moved Co)

.
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Wool lightf astness Standard, conditioned for 24 hours in a

standard atmosphere (21 ± 3°C, 65 ± 2% RH) , and then instru-

mentally evaluated for color change.

Test specimens was exposed simultaneously with a specimen

(10.0 x 6.5 cm) of the L6 Blue Wool Lightf astness Standard until

the latter showed "just appreciable fading" equal to a Step 4 on

the AATCC Gray Color change which is equivalent to 80 AFU's of

exposure.

Light exposures were continuous, except for stoppages neces-

sary for routine maintenance (i.e., cleaning filters after 100

hours, changing inner filters after 300 hours or changing outer

filters after 1,500 hours). The black panel thermometer tempera-

ture and relative humidity during lamp operation were 63 ± 1° C

and 30 + 5%, respectively.

An Atlas Xenon Arc Weather-Ometer was used for the tests.

The Xenon burner tube (preaged) was fitted with borosilicate

inner and outer glass filters which are used to simulate speotal

radiation of average or typical sunlight. The Xenon burner tube

was cleaned after every 100 hours and replaced or after 1,500

hours of use.

Ozone Exposure

Test were conducted to determine if the insecticides

accelerated color change in selected acid and disperse dyes when

exposed to ozone atmospheres at elevated temperatures and high

humidities. Procedures in the AATCC Test Method 129,
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Colorf astness to Ozone in the Atmosphere under High Humidity (1),

were followed. The insecticide- treated specimens (13.0 x 6.5 cm)

were exposed to two cycles of fade as determined by the Standard

of Fading No. 129 for high humidities. For each cycle of fade, a

swatch of Control Sample No. 129 was simultaneously exposed to

ozone in an Atlas Ozone Chamber until the control samples showed

a color change corresponding to the standard of fade. The

exposure chamber was maintained at 85+. 5% relative humidity and

40+5 C. At the end of the exposure cycle, the test specimens

were removed from the chamber and instrumentally evaluated for

color change.

Color measurement

The degree of color change in the insecticide treated

samples was evaluated instrumentally by the Hunterlab D25-M

colorimeter and expressed in aE (CIELAB) units for total color

difference. AE units are the root-mean-square difference

between the L*, a*, b* values for the exposed and unexposed

samples as described by the following equation:

AE„ = [ ( AL* )
2

+ ( Aa* )
2

+ ( Ab* )
2

]
1/2

CIELAB

The L* value is a measure of the lightness and varies from

100 (white) to (black). The a* value represents redness when

plus, gray when zero, and green when minus. The b* value

represents yellowness when plus, gray when zero, and blueness
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when minus. The above equation only defines the magnitude of the

color change, but not the direction. Therefore, it is possible

that two samples may have the same aE values but a different

hue or visual appearance. The limits of visual detection are

about 2-3 Hunter units of color change, depending on the color of

the dye and the response of the observer (1).

Statistical Analysis

The color difference values (aE) of the undyed and dyed

nylon specimens after insecticide treatment and exposure to

standard temperature, high temperature and humidity, xenon light,

and ozone were analyzed for significant differences using the

analysis of variance procedure and the Duncan's Multiple Range

Test for variance.
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RESULT AND DISCUSSION

This study investigated the effects of 15 commercial

insecticide products on the colorf astness of 20 acid dyes and

eight disperse dyes applied to nylon 6 carpet fibers. In

addition, the color difference values attributed to insecticide

treatment and exposure were compared with those obtained in the

1983 AATCC Study (12), which used 5% insecticide/acetone

solutions, so that the effects of the inactive ingredients in

formulated insecticides also could be evaluated.

Specimens were treated with 5% (w/w, active ingredient)

solutions of each of the insecticide products, and exposed to

standard temperature (21 + 3° C ) for 1,000 hours, high temperature

(100 + 5°C) and humidity for eight hours, xenon light for 80

AFU's, or ozone for two cycles of fade. The treated and exposed

specimens were instrumentally evaluated for color change to

determine the effects of the commercial insecticide products on

the acid and disperse dyes.

The 15 commercial products evaluated in this study contained

insecticidal chemicals that are members of the following major

chemical classes of insecticides: carbamate, organophosphate,

thiocyanate, and pyrethroid. The tradenames, chemical names,

chemical classes, and chemical structures of the insecticide

products are given in Table VIII.
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A total of 1856 observations, representing 484 dye/insecti-

cide combinations exposed to four test conditions, were analyzed

statistically using the ANOVA Test and a Duncan's Multiple Range

Test.

Standard Temperature

The color difference (aE's) values and descriptors for the

type of color change that occurred in the undyed and the dyed

nylon 6 specimens treated with the 15 insecticide products and

exposed to standard temperature (21 + 3
C C) for 1,000 hours are

presented in Table X and XI, respectively. The rank order of the

mean AE values for the 16 insecticide treatments (15 insecticide

products plus untreated), based on the Duncan's Multiple Range

Test are listed in Table XII. A bar chart of the mean color

difference values also was constructed to facilitate comparisons

among insecticide products (see Figure 3).

As was expected, the insecticide products caused the least

amount of color change in the undyed and dyed nylon in the

standard temperature test, compared to the results obtain after

exposure to high temperature and humidity, xenon light, and

ozone. In general, Sevin SL was responsible for the greatest

color change (mean s 14.8 AE), and untreated samples had the

least amount of color change (mean =0.4 AE) in the standard

temperature test (see Figure 3). In addition to Sevin SL, the

insecticide products that exhibited mean AE values greater than

3.5 units were: Vaponite 2 (13.4 AE) , Ficam W (12.8 AE), Baygon
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Table XII

Duncan's Multiple Range Test on Mean Color Difference
Values (AE's) for Insecticide in the Standard Temperature Test

Insecticide Mean AE Groupings *

Sevin SL 14.8

Veponite 2 13.4
Ficam W 12.8
Baygo

n

10.4
Dylox 9.9
Pyrocide Fogging
Concentrat 7192 9.8

Prentox Malathion 8.7
Orthene 5.8
Diazinon 4E 4.6
Safrotin 3.9
Syntox 3.9
Dursban LO 3-4
Multicide Concen-

trate 2154 3.3
Evercide Concen-

trate 2362 3.0
Bonide Flea Killer 1.7

Untreated 0.4

A

A B

A B

A B

C B

C B

c B

C B

c E

F E

F E

F E

F E

F E

F E

F E

F E

F E

F

•Means with the same letter are not significantly different.
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(10.4 aE), Dylox (9.9 AE), Pyrocide Fogging Concentration (9.8

AE), Prentox Malathion (8.7 AE), Orthene (5.8 AE), Diazinon 4E

(4.6 AE), Safrotin (3.9 AE), and Syntox (3.9 AE). [Note: Based

on AATCC Gray Scale for Color Change, a "noticeable change" is

Step 3 rating, which is equal to 3.5 ± 0.4 AE CIELAB units].

Conversely, the least amount of color change occurred in the

specimens treated with the following insecticides types:

untreated (0.4 AE) , Bonide House Hold Flea Killer (1.7 AE),

Evercide Concentrate 2362 (3.0 aE) , Multicide Concentrate 2154

(3.3 AE), Dursban L0 (3.4 AE) . The mean AE values for these

insecticide products was less than 3.5 units (see Table XII and

Figure 3). However, generalizations concerning the overall

deleterious effects of these insecticide products must be stated

judiciously since, in many instances, a high mean color differ-

ence values was attributed to a selected number of dyes, rather

than to discoloration of many dyes. For example, many of the

dyes treated with Vaponite 2, Dylox, Prentox Malathion, Orthene,

Diazinon 4E, Safrotin, and Syntox showed no appreciable color

change; and the high mean color difference values were attributed

a few select dyes that exhibited considerable color change.

Conversely, some of the insecticide products such as Sevin SL,

Ficam W, and Baygon caused appreciable color change in the

majority of dyes.

As shown in Table X, the distribution of the aE values for

the 29 dyes for certain insecticides was very wide; hence, the
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amount of color change among dye types varied greatly and

depended on dye/insecticide combination. In addition, the

dye/insecticide combinations that exhibited the greatest amount

of color change also was influenced by exposure condition. In

the standard temperature test, Vaponite 2, Dylox, Orthene, and

Prentox Malathion exhibited the greatest range between the

highest and lowest color difference values for specific dye

types. For example, Vaponite 2 (dichlorvos) with the mean AE

value of 13.4, had values that ranged from of 1.2 (C.I. Acid Red

299) to 77.4 (Eastman Acid Red KSC) for individual dye types.

Dylox (trichlorf on) had values that ranged from 0.9 (C.I. Acid

Blue 40) to 58.9 (Eastman Acid Red KSC), Orthene (acephate) had

AE values that ranged from 0.4 (undyed) to 55.3 (Eastman Acid Red

KSC), Prentox Malathion had AE values that ranged from 1.1 (C.I.

Acid Red 99) to 48.2 (C.I. Acid Red 360) units, and Diazinon 4E

had AE values that ranged from 1.0 (C.I. Acid Red 114) to 22.0

(C.I. Acid Red 360). All five of the above insecticides belong

to the organophosphate chemical class of insecticides. These

insecticide products caused a dramatic color change from red to

purple or dark blue on the following red dyes, as evidenced by

the extremely high AE values: Eastman Acid Red KSC, C.I. Acid

Red 360, Eastman Acid Red 2BDR, and C.I. Disperse Red 17 (see

Tables X and XI). These results support the premise that

selected acid and disperse red dyes are sensitive to some

organophosphates insecticides. Two of the products containing
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organophosphate insecticides, Dursban (chlor py rif os) and Safrotin

(propetamphos) , did not cause the dramatic hue shift in the above

acid and disperse red dyes. In general, the organophosphate

insecticides caused the greatest color change on selected acid

and disperse red dyes. Many of the acid and disperse blue dyes

and some of the acid and disperse red dyes were not appreciably

affected by the organophosphate insecticide products (see Table

X).

The Bonide House Hold Flea Killer containing Lethane 384, a

thiocyanates insecticide, had the lowest mean AE value (1.7) of

all of insecticides products evaluated with color difference

values for individual dyes ranging from 0.1 to 4.7 AE units.

Except for C.I. Acid Yellow 151, C.I. Acid Blue 40, and C.I.

Disperse Violet 28, the AE values were less than 3.0 for all of

the dyes treated with this insecticide product.

Sevin SL which contained carbaryl, a carbamates insecticide,

caused appreciable color change in all of the dyes in the

standard temperature test with values ranging from 7.4 to 21.6 AE

units. It also exhibited the highest mean color difference value

(14.8 AE) among all of the products evaluated in this study. The

color change appeared to be attributed to a "chalky" surface

coating deposited on the surface of the samples which modified

the apparent color of the dyes, rather than an actual color

change in the dyes themselves. Similar effects were observed in

the specimens treated with the other carbamate insecticide
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products [Baygon (propoxur) and Ficam W (bendiocarb)] . Baygon and

Fioam W, both powder-sol uable insecticides, left a beige residue

on the fabric which imparted a duller or dirtier appearance to

the actual color of the samples. This effect was even more

obvious in the undyed white nylon samples.

As mentioned previously, the rank order of the mean color

difference values for the insecticide treatments in the standard

temperature test are presented in Table XII. The mean AE value

for undyed (white) nylon samples was the fourth highest value in

this test, indicating that the insecticide formulations were

responsible for color changes in the undyed nylon. Insecticide

products that caused appreciable color change in the undyed nylon

samples were Baygon, Ficam W, and Sevin SL all of which are

carbamate insecticides. The insecticide products that had a

petroleum base (Pyrocide Fogging Concentration and Syntox) also

caused appreciable color change in the undyed nylon samples.

These oil based insecticides left a heavy yellowish residue on

the dyed and undyed samples. Pyrocide Fogging Concentration

caused the highest color difference value on undyed samples (mean

AE = 38.5 units). Among the organophosphate insecticides applied

to the undyed samples, Safrotin caused the greatest amount of

color change in the undyed nylon. Diazinon 4E, Dursban LO, and

Prentox Malathion also caused considered color change on the

undyed nylon with AE values of 5.0 to 6.0. Dylox, Orthene, and

Vaponite 2 (organophosphate insecticides) caused minimal color
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change on the undyed nylon with aE values less than 1.2 units.

The results of the Duncan's Multiple Range Test performed on

the means for the 29 dye types are presented in Table XIII.

Eastman Acid Red KSC, C.I. Acid Red 360, and Eastman Acid Red

2BDR, respectively, exhibited the highest aE values, compared to

the other dye types in standard temperature test. The lowest

mean color difference value in this test was obtained for C.I.

Acid Red 361 (3.5 aE), however, it was still considered as

noticeable change (Step 3 rating of AATCC Gray Scale).

C.I. Acid Red 360 and C.I. Disperse Red 17 are azo dyes that

contain the -N=N- chromophore in their structures. There were no

chemical classes, constitution numbers or structural formulas

available in Colour XnHejt for Eastman Acid Red KSC and Eastman

Acid Red 2BDR. As mentioned previously, selected organophosphate

insecticide products (Diazinon 4E, Dylox, Orthene, Prentox

Malathion, and Vaponite 2) caused a dramatic hue shift from red

to purple or dark blue in these dyes, resulting in high indivi-

dual as well as mean color difference values.

High Temperature and Humidity

The color difference values (aE's) and color change de-

scriptors for the dyed and undyed specimens treated with the

insecticide products and exposed to eight hours of high tempera-

ture (100 ± 5°C) and humidity are given in Tables XIV and XV.

The results of the Duncan's Multiple Range Test and bar chart on

the mean color difference values for the insecticide products are
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Table XIII

Duncan' 3 Multiple Range Test on Mean Color Difference Values
(AE's) for Dye Types in the Standard Temperature Test

Dye Applied to Nylon Mean AE Groupings *

Eastman Acid Red KSC 18.7 A
C.I. Acid Red 360 17.6 A

Eastman Acid Red 2BDR 17.0 A

Undyed 9.4 B

C.I. Disperse Red 17 9.2 B

C.I. Disperse Violet 28 7.6 B
C.I. Acid Blue 277 6.8 B

C.I. Disperse Blue 3 6.8 B

C.I. Acid Blue 25 6.5 B

C.I. Acid Blue 324 6.3 B

C.I. Acid Blue 80 6.3 B

C.I. Disperse Red 340 6.3 B

C.I. Acid Orange 152 6.2 B

C.I. Acid Yellow 49 6.1 B

C.I. Disperse Blue 26 6.1 B

C.I. Acid Yellow 219 5.6 B

C.I. Acid Blue 40 5.1 B

C.I. Acid Yellow 151 5.1 B

C.I. Acid Orange 156 4.9 B
C.I. Disperse Yellow 3 4.8 B

C.I. Disperse Blue 7 4.7 B

C.I. Acid Red 57 4.6 B

C.I. Acid Red 337 4.5 B
C.I. Acid Red 299 4.3 B
C.I. Acid Red 99 4.1 B
C.I. Disperse Red 309 3.9 B
C.I. Acid Red 266 3.8 B
C.I. Acid Red 114 3.7 B

C.I. Acid Red 361 3.5 B

* Means with the same letter are not significantly different.
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presented in Table XVI and Figure 4. The untreated dyed and

undyed samples exhibited a mean color difference value of 1.1,

and individual AE values ranged from 0.3 to 2.2. Hence, the high

temperature and humidity condition itself did not cause

appreciable color change in the untreated nylon samples.

Because these conditions often accelerate reaction rates, it

was expected that the result of the high temperature and humidity

test would be similar to standard temperature test in terms of

insecticide/dye combinations with the greatest amount of color

change, but with higher AE values. However, unlike the standard

temperature test, Prentox Malathion caused the greatest amount of

color change among the 15 insecticide products evaluated. The

mean AE value of this insecticide was 22.6, compared with the

lowest mean AE value of 1.1 for untreated samples. Minimal color

change occurred in the dyed specimens treated with the following

insecticide products (mean aE's): untreated (1.1 AE) , Bonide (2.0

AE), Evercide Concentrate 2362 (3.0 AE), Diazinon 4E (3.6 AE) ,

and Multicide Concentrate 2154 (3.8 AE). These insecticides had

mean AE values less than 4.0 units. Insecticide products causing

mean color difference values above 4.0 in this test were as

follows: Prentox Malathion (22.5 AE), Dylox (18.7 AE), Ficam W

(16.8 AE) Vaponite 2 (15.1 AE) , Pyrocide Fogging Concentrate 7192

(14.7 AE), Baygon (10.4 AE), Sevin SL (9.3 AE), Dursban LO (5.9

AE), Orthene (5.6 AE), Safrotin (5.5 AE), and Syntox (4.5 AE)

(see Figure 4)

.
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Table XVI

Duncan's Multiple Hange Test on Mean Color Difference Values
(AE's) for Insecticides in the High Temperature and Humidity Test

Insecticide Mean cfi Groupings

Prentox Malathion
Dylox
Flcao W

Vaponite 2

Pyrocide Fogging
Concentrate 7192

Baygo

n

Sevin SL
Dursban LO
Orthene
Safrotin
Syntox
Multicide

Concentrate 2154
Diazinon 4£
Evercide
Concentrate 2362

Bonide Flea Killer
Untreated

22.5 A

18.7 A B

16.7 B

15.2 C B

C B

i4.a c d

10.4 c D

9.3 c D E

5.9 F D E

5.6 F D E

5.5 F D V

4.5 p E

F E

3.8 F E

3.6 F

F

E

3.0 F
2.0 F

1.1 F

*Mean with the same letter are not significantly different.
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Individual color difference values for the dyed specimens

treated with Prentox Malathion, which caused the greatest color

change among all of insecticides, ranged from 1.1 (C.I. Acid

Blue 80) to 69.4 (C.I. Acid Yellow 219) AE units (see Table XIV).

Prentox Malathion caused the greatest amount of color change on

the following dyes in the high temperature and humidity test:

C.I. Acid Yellow 219, CI. Acid Red 299, Eastman Acid Red KSC,

C.I. Acid Red 360, Eastman Acid Red 2BDR, C.I. Acid Orange 156,

C.I. Disperse Red 309, CI. Acid Orange 152, CI Disperse Red 17,

and CI. Disperse Red 340 . In some instance, the types of color

changes that occurred in this test differed from those that were

observed in the dyed specimens after exposure to standard

temperature (see Table X). For example, some of the dyes treated

with Prentox Malathion and exposed to high temperature and

humidity exhibited a substantial color loss (bleached or

lightened appearance) or a combination of a hue shift with

substantial whitening (i.e., CI. Disperse Red 17, 309, and 340;

CI. Acid Red 299, and 360; Eastman Acid Red KSC and 2BDR ; CI.

Acid Yellow 219; and CI. Acid Orange 152, and 156). Dylox

(trichlorf on) also caused some of these acid and disperse dyes to

become appreciably lighter (see Table XV). The other organo-

phosphate insecticide products [Dursban (chlor py rif os) , Dylox

(trichlorf on) , Vaponite 2 (dichl orv os) , Orthene (acephate),

Safrotin (propetamphos) , and Diazinon 4E] did not exhibit this

pronounced bleaching effect. Vaponite 2 caused the greatest
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amount of color change among all of the products tested on the

following dyes: C.I. Acid Red 360, Eastman Acid Red KSC and 2BDR.

These red dyes had a hue shift to dark blue color. In addition,

other acid and disperse red dyes exhibited appreciable color

change when treated with this insecticide. Only eight of the 29

dye types had AE values of less than 3-5 when treated with

Vaponite 2. Minimal color change occurred in the dyed specimens

treated with Diazinon 4E, Orthene, and Safrotin, except for a few

acid and disperse red dyes that become darker, or duller.

Sevin SL. (carbaryl), Ficam W ( bendiocarb) , and Baygon

(propoxur), the carbamate insecticide products, appreciably

discolored the majority of the dye types. The majority of the

dyed specimens treated with Baygon and Ficam W exhibited color

difference values above 4.0 AE units (see Table XIV) in the high

temperature and humidity conditions. Except for C.I. Acid Red

361, all dye types discolored appreciably when treated with Sevin

SL.

The pyrethroid insecticide products, Evercide Concentrate

2362 ( fenvalerate) , Multicide Concentrate 2154 (phenothrin) , and

Syntox (resmethrin) , also varied in the amount and type of color

change they induced. In general, however, the pyrethroids caused

less color change in the acid and disperse dyes than did the

organophosphate and carbamate insecticide products. Among the

pyrethroid products evaluated, Syntox exhibited the highest mean

color difference value, followed by Multicide Concentrate 2154
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and Evercide Concentrate 2362 which had a significantly lower

mean AE values (see Table XVI). Pyrocide Fogging Concentrate

7192, with a mean AE value of 14. 7> had individual AE values

ranging between 5.7 and 33.0. Pyrocide Fogging Concentrate 7192

appreciably discolored all of the dyed and undyed samples in high

temperature and humidity test.

Similar to the result of the standard temperature test,

Bonide House Hold Flea Killer (lethane 384) had the lowest mean

AE value among all of the insecticide products evaluated in this

test (see Table XVI and Figure 4). Except for undyed sample (6.8

AE) and C.I. Disperse Violet 28 (4.8 AE), the dyed samples

treated with this insecticide exhibited AE values less than 3.3

which was not considered noticeable change (see Table XIV).

The undyed samples obtained the sixth highest mean color

difference value (10.4 AE) among the 16 insecticide treatments

(see Table XVI). The undyed samples also exhibited similar mean

AE value in standard temperature test. The insecticide treatments

that caused the greatest amount of discoloration (i.e., AE values

greater than 10.0) in the undyed nylon were Pyrocide Fogging

Concentrate 7192 (pyrethrum), Ficam W (bendiocarb) , Baygon

(propoxur), Syntox ( resmethrin) , and Sevin SL (carbaryl). All of

the carbamate insecticides caused a great amount of color change

on undyed samples. These wetabl e- powder insecticides left

brownish residues on both the white and dyed samples. Oil base

insecticides (Pyrocide Fogging Concentrate and Syntox) also left



a yellowish oil residue on the surface of the samples which

changed the actual color of the dye and undyed samples.

The results of the Duncan's Multiple Range Tests preformed

on the means for the 29 dye types are presented in Table XVII.

Among the 29 dyes evaluated, Eastman Acid Red KSC, C.I. Acid Red

360, Eastman Acid Red 2BDR exhibited the highest mean color

difference values among the dyes evaluated. Conversely, C.I.

Acid Red 114, C.I. Acid Red 266, and C.I. Acid Red 99 had the

lowest mean color difference values in high temperature and

humidity test, which is similar to the result observed in

standard temperature test.

Comparing the results of high temperature test to the

standard temperature test, it can be concluded that with the

exception of Sevin SL, color change (AE values) on the insecti-

cide treated specimens increased with high temperature and

humidity. In both tests, the color difference values of the

samples treated with Sevin SL were noticeable, except for two

dyes in high temperature and humidity test which had AE values

less than 4 .0.

All dyed specimens treated with Prentox Malathion and

exposed to high temperature and humidity exhibited appreciably

higher AE values, compared to the results of the standard

temperature test. For example, C.I. Acid Orange 152, C.I. Acid

Orange 156, and C.I. Acid Red 299 were the only three dye types

with AE values less than 4.0 units in standard temperature test;
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Table XVII

Duncan's Multiple Range Test on Mean Color Difference Values

(AE's) for Dyes Types in the High Temperature And Humidity Test

Dyes Mean AB Groupings *

Eastaan Acid Red KSC 21.3 A

Eastaan Acid Red 2BDR 19.5 B A

C.I. Acid Red 360 13.2 B A

C.I. Disperse Red 340 12.0 B D C

C.I. Disperse Red 17 11.2 B D C

Undyed 10.5 D C

C.I. Acid Yellow 219 10.3 D C

C.I. Acid Orange 152 9.5 D

C.I. Acid Blue 324 9.5 D

C.I. Disperse Violet 23 9.4 D

C.I. Disperse Red 309 9.1 D

C.I. Acid Orange 1 56 9.1 D

C.I. Acid Red 299 9.0 D

C.I. Disperse Blue 3 8.8 D

C.I. Disperse Yellow 3 o.6 D

C.I. Acid Yellow 49 8.0 D

C.I. Disperse Blue 26 7.3 D

C.I. Acid Blue 25 7.5 D

C.I. Acid Blue 277 7.0 D

C.I. Acid Red 337 6.7 D

C.I. Acid Blue 30 6.5 D

C.I. Acid Red 57 5.9 D

C.I. Disperse Blue 7 5.6 D

C.I. Acid Blue 40 5.6 D

C.I. Acid Yellow 151 5.2 D

C.I. Acid Red 361 4.7 D

C.I. Acid Red 99 4.2 D

C.I. Acid Red 266 4.1 D

C.I. Acid Red 114 3.3 D

•Means with the same letter are not significantly different
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whereas, the AE values of these dyes increased to greater than

50.0 in the high temperature and humidity test. Therefore, it

can be concluded that the combination of malathion and high

temperature and humidity has a great effect on the discoloration

of the dyed samples.

Xenon Light

The color difference values and color change descriptors for

the undyed and dyed samples treated with the commercial insecti-

cide products and exposed to 80 AFU s of xenon light are given in

Tables XVIII and XIX. The corresponding mean aE values and bar

chart based on insecticide type are presented in Table XX and

Figure 5 .

The untreated samples exhibited the least amount of fading

during xenon light exposure (mean AE = 3.2). Among the untreated

samples, C.I. Acid Red 360 (15.6 AE) had the greatest amount of

fading during xenon light exposure, followed by C.I. Disperse

Blue 3 (6.8 AE), C.I. Disperse Red 17 (5.4 AE) , C.I. Acid 299

(4.9 AE), C.I. Acid Blue 324 (4.8 AE), and C.I. Acid Red 36 1 (4.2

AE). Many of the dyes without insecticide treatment exhibited

good lightf astness properties which was expected since carpet

dyes are often selected on the bases of lightf astness. In

particular, 23 of the 29 evaluated dyes had AE values less than

4.0, and in many instances there was no appreciable fading after

80 AFU ' s of light exposure.

In general, the insecticide products that caused the
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Table XX

Duncan's Multiple Rang Teat on Mean Color Difference Values

(All's) for Insecticide in the Xenon Lignt Test

insecticide Mean AE Groupings

Sevin SL 36.8
Veponite 2 33.6

Dylox 24.9

Pyrocide Fogging
Concentrate 7192 13.8

Fican W 17.0

Prentox Malathion 15.4
Syntox 9.6
Baygon 9.4
Dursban LO 8.4
Evercide

Concentrate 2362 7.3
Orthene 7.3
Bonide Flea Killer 7.1
Multicide

Concentrate 2154 6.7
Safrotin 4.7

Diazinon 4E 4.3
Untrated 3.2

A

A

3

C

C

C

D

D

D

D

D

D

D

D

D

S

F

G

•Means with the same letter are not significantly different.
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greatest amount of color change during light exposure, based on

mean color difference values, were Sevin (36.3 AE) , Vaponite 2

(33.6 aE), Dylox (24.4 aE), Pyrocide Fogging Concentrate 7192

(18.8 AE), Ficam W (17.0 AE) , and Prentox Malathion (15.4 AE)

(see Table XX and Figure 5). The above rank order of the

insecticide products, based on mean AE values, differed from that

observed in the standard temperature and high temperature and

humidity tests, thus indicating that certain dyes are more

susceptible to color change when treated with insecticides and

exposed to light.

In addition to causing the greatest amount of color change

during light exposure, Sevin SL caused appreciable color change

in all of the dyes evaluated (see Table XVIII). The individual

color difference values for specific dye types ranged between

22.4 to 59.5 AE units. Hence, the lightf astness of all of the

dyes was appreciably reduced by Sevin SL . Specifically, Sevin SL

caused all of the dyes to fade and turn brown (see Table XIX).

Baygon, on the other hand, had a significantly lower mean color

difference value (9.4 AE) , and it caused an increase in fading

rate. The color change caused by Ficam W varied somewhat during

light exposure, depending on hue type. Many of the red dyes

became lighter and several of the blue dyes had a hue shift to

blue-green or yellow-green. In addition to the fading and hue

shifts, part of the color change caused by the carbamate

insecticide products was attributed to the powdered white coating
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deposited on the surface of the specimens after treatment. C.I.

Disperse Blue 3, 26, and C.I. Disperse Violet 28; C.I. Acid Blue

25, 80, 277, and 324; and C.I. Acid Yellow 49, and 219,

exhibited the greatest amount of color change when treated with

the carbamate insecticide products. In addition, Baygon, Ficam

W, and Sevin SL, caused appreciable discoloration in the undyed

nylon.

Among the organophosphate insecticide products, Vaponite 2,

Dylox, and Prentox Malathion caused the greatest color change

during light exposure. The color difference values of individual

dyes treated with Vaponite 2 ranged from 4.4 to 66.0 AE units

(see Table XVIII). Many of the dyes became appreciably lighter

with and without hue shifts. Orthene, Safrotin, and Diazinon

caused significantly less fading during light exposure, compared

to the other organophosphate insecticides. In addition, Safrotin

and Diazinon had the lowest mean color difference values among

all of the insecticide products evaluated. C.I. Acid Yellow 151

(AE = 4.4) had the lowest AE value for this insecticide and

exhibited approximately the same amount of color change when

treated and exposed to the three other test conditions. The

second lowest value (AE =10.7) was obtained for the undyed

sampl e.

The pyrethroid products, Syntox ( resmethrin) , Multicide

Concentrate 2154 (phenothrin) , and Evercide Concentrate 2362

( f env alerate) discolored the majority of the dye types in xenon
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light test (see Table XVIII). All dyed samples treated with

Multioide Concentrate 2154 exhibited aE value above 3.9.

Evercide Concentrate 2362 caused a noticeable color change on all

dye types, except for C.I. Disperse Yellow 3 (2.2 aE). Multicide

and Evercide did not cause hue shift on any of the dyed samples

however, the dyes became lighter (see Table XIX and Figure 5).

All dyed samples, except for C.I. Disperse Yellow 3 (3.1 AE),

C.I. Acid Red 114 (3.2 AE), and C.I. Acid Red 99 (3.7 AE)

exhibited color difference values above 4.0 when treated with

Syntox. Many red dyes treated with Syntox, an oil bases product,

had hue shift to brownish-orange, and the blue dyes had hue shift

to greenish-blue (see Table XIX). Part of this color change was

attributed to the oil coating (yellowish color) deposited on the

surface of the specimens after treatment. The same hue shift

also was observed on the specimens treated with Pyrocide Fogging

Concentrate 7192, also an oil-based product.

In the previous tests, Bonide House Hold Flea Killer

containing Lethane 384 (a thiocyanate) caused the least amount of

color change (3-0 AE), however, it appreciably reduced the

lightf astness of many of the dyes evaluated. Similar results'

were obtained with Evercide Concentrate 2362 ( fenvalerate) . The

amount of color change attributed to these insecticides was

similar in the standard temperature and high temperature and

humidity tests, whereas, fading was considerably greater during

light exposure. Baygon (propoxur) and Diazinon 4E, however,
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exhibited similar amounts of color change in all of the tests

including xenon light exposure.

The rank order of the mean color difference values for the

dye types exposed to xenon light are given in Table XXI. Similar

to the result of the previous test, Eastman Acid Red KSC, Eastman

Acid Red 2BDR, and C.I. Acid Red 360, were among the dyes most

sensitive to the insecticide products. The greatest amount of

color change in these dyes was attributed to the organophosphate

insecticides. The lightf astness of all C.I. Acid Red 360

specimens treated with all of the insecticides except Diazinon 4E

decreased appreciably in this test, whereas all of the samples

dyed with Eastman Acid Red KSC, and 2BDR and treated with

insecticides appreciably faded during xenon light exposure.

C.I. Acid Yellow 151 exhibited the least amount of fading

during xenon light exposure and had the lowest mean color

difference value (AE = 6.3) (see Tables XVIII and XXI). None of

the insecticide products, except Bonide House Hold Flea Killer,

Evercide Concentrate 2362, and Prentox Malathion, caused a

noticeable color change on these dyestuffs.

The undyed samples exposed to light had a mean aE value of

13.4. The majority of the insecticide products caused apprecia-

ble yellowing in the undyed nylon during light exposure, except

Orthene, Bonide House Hold Flea Killer, and Prentox Malathion.

In summary, the results of xenon light exposure test were

almost similar to the standard temperature test based on the rank
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Table XXI

Duncan's Multiple Range Test on Mean Color Difference Values

(A£'s) for Dye Types in the Xenon Light Test

Dyes Mean AE G rou pings *

Eastman Acid Red 2BDR 22.1 A

Eastnan Acid Red XSC 21.6 B A

C.I. Acid Red 360 20.2 c 3 A

C.I. Disperse Blue 26 18.4 c 3 A D

C.I. Disperse Violet 28 17.6 C 3 A D

C.I. Acid bellow 49 17.2 c 3 A D E

C.I. Disperse Blue 3 16.7 c 3 A D £ F

C.I. Acid Blue 277 16.3 c 3 A D E F G

C.I. Acid Blue 25 16.0 c 3 A D 3 ? G H

C.I. Disperse Red 340 15.6 c B A D £ F G ii

C.I. Acid Red 57 15.3 c 3 I D £ F G H

C.I. Acid Blue 30 15.2 c 5 I a £ F G H

C.I. Disperse Red 17 15.1 c 3 I D £ F G H

C.I. Acid Blue 324 14.3 c J I D £ F G H

Undyed 13.4 X J I D E F Q H

C.I. Acid Red 361 12.7 X J I D £ F G B L

C.I. Acid Red 377 12.4 X J I D £ F G h L

C.I. Disperse Red 309 12.0 X J I D £ F G H L

C.I. Acid Blue 40 10.8 X J I £ F G H L

C.I. Disperse Blue 7 10.4 X J I £ F G H L

C.I. Acid Orange 152 9.9 X J I F G H L

C.I. Acid Red 299 9.7 X J I G H L

C.I. Acid Red 266 9.5 X J I H L

C.I. Acid Yellow 219 3.7 K J I L

C.I. Acid Orange 156 5.4 Bk J L

C.I. Disperse 'fellow 3 3.2 X J L

C.I. Acid Red 99 7.2 X L

C.I. Acid Red 114 7.0 X L

C.I. Acid Yellow 151 6.3 I

•Means with ene same letter are not significantly different.
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order of the insecticides and dye types. However, the individual

AE values for each treated-dyed specimens were greater in xenon

exposure test compared to standard temperature test.

Ozone

The color difference values and color change descriptors for

the undyed and dyed specimens treated with the commercial

insecticide products and exposed to two cycles of ozone are given

in Table XXII and XXIII, and the rank orders and bar chart for

the mean AE values for the insecticide products are given in

Table XXIV and Figure 6.

The insecticide products that caused the greatest amount of

color change in the ozone test were: Dylox (21.6 AE), Sevin SL

(21.2 AE), Ficam W (21.1 AE) , Vaponite 2 (19.6 AE), Prentox

Malathion (13.7 AE), Pyrocide Fogging Concentrate 7192 (12.9 AE)

,

Baygon (12.3 AE), and Orthene (9.8 AE) . The least amount of color

change occurred in the following insecticide treatments:

untreated (6.9 AE) , Safrotin (6.5 AE) , Syntox (6.4 AE) , Dursban

LO (6.3 AE), Diazinon 4E (6.2 AE), Evercide Concentrate 7192 (5.2

AE), Bonide House Hold Flea Killer (4.6 AE) , and Multicide

Concentrate 2154 (3.7 AE) (see Figure 6). Multicide Concentrate

2154, Bonide House Hold Flea Killer, and Evercide Concentrate

2362 also exhibited the least amount of color change in standard

temperature and high temperature and humidity tests. Multicide

Concentrate 2154 caused the least amount of color change value

(mean =3.7 AE) in the ozone test, and 17 of the 29 dyes treated
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TABLE XXIV

Duncan's Multiple Hange Test on Mean Color Difference Values
(AE's) for Insecticide in the Ozone Test

Insecticide Mean \E Groupings *

A

A

A

A
B

3

5

B

& C

D C

D C

D C

D C

D C

D C

D C

D C

D C

D

* Mean with the same letter are not significantly different.

Dylox 21.6
Sevin SL 21.2
Ficam W 21.1
Vaponite 2 19.6
Prentox Malathion 13.7
Pyrocide Fogging
Concentrate 7192 12.9

Baygo

n

12.3
Orthene 9.

a

Untreated 6.9
Safrotln 6.5
Syntox 6.4

Dursban LO 6.3
Diazinon 4E 6.2
Evercide
Concentrate 2362 5.2

3onide House Hold
Flea Killer 4.6

Multicide
Concentrate 2154 3.7

9 J



« • « « - « « «
!

* * * i

««««*!

I

I

Z arjTUodEA

xojuXs

IS OTA3S

UT30JJES

361/ 330:1311331103

3ut33oj spTDOjXd

uofuqexsH xojuajj

auaqjao

"7ST3 33EJ3
-U33U03 apTOTaxnW

H mEO-fi

J9CZ 33EJ3

-U3DUOQ 3pT333A3

xoxAl

01 usqsana

3+7 UOUTZETO

UO§AEg

«TTT>i E3I3
PXOH ssnoH apTuog

95



with this insecticide had aE values less than 4.0. The highest

color difference value for Multicide Concentrate 2154 was

obtained for C.I. Disperse Blue 3 (10.1 AE) (see Table XXII).

Many of the untreated anthraquinone disperse blue dyes

included in this study exhibited appreciable ozone fading which

was not unexpected. Some of the red and blue acid dyes also were

affected, although the fading or color change was not as

extensive. The mean color difference value for the untreated

samples in this test was 6.9 AE units, specifically, the greatest

amount of color loss or ozone fading in the untreated specimens

(AE values greater than 10.0) occurred in C.I. Disperse Blue 3,

7, and 26 and C.I. Disperse Violet 28 which are anthraquinones,

and in C.I. Acid Red 57 which is a monoazo dye. Although the

amount of color change was not as extensive as that which

occurred in the above disperse dyes, many of the anthraquinone

acid blue dyes (C.I. Acid Blue 80, 277, and 324) faded apprecia-

bly (see Table XXIII). In addition to the anthraquinone dyes,

selected azo and disazo dyes (C.I. Disperse Yellow 3, C.I.

Disperse Red 309, C.I. Acid Red 99 and 266, and C.I. Acid Orange

152 and 156) also had an appreciable color change after exposure

to ozone. The highest mean color difference values in ozone test

were associated with Dylox (trichlorf on) , Sevin SL (carbaryl),

Ficam W (bendiocarb) , and Vaponite 2 (dichlorvos) (see Table

XXIV)

.

The type of color change that occurred in the ozone test
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varied, depending on the insecticide/dye combination. The

anthraquinone acid and disperse blue dyes often became lighter

and/or exhibited a reddish hue shift which is characteristic of

ozone fading. The acid red dyes that had a dramatic hue shift

from red to purple in the standard temperature and high temper-

ature and humidity tests had similar changes in the ozone test

(see Table XXIII).

Dylox for example, accelerated ozone fading in C.I. Disperse

Red 309 and 340, C.I. Disperse Blue 3 and 26, C.I. Disperse

Violet 28, C.I. Acid Red 337 and 361, and C.I. Acid Blue 25, 40,

80, 277, and 324. Many of the acid and disperse dyes, however,

exhibited color change that was characteristic of the insecticide

treatment, in general, rather than ozone fading (i.e., C.I. Acid

Red 17 and 360 and Eastman Acid Red KSC and 2BDR). Dylox caused

the least amount of color change (1.4 aE) on the undyed sample,

however, the AE values of individual dyed samples treated with

Dylox ranged between 0.9 to 64.7.

In the ozone test, the carbamate insecticides, Baygon

(propoxur), Ficam W ( bendiocarb) , and Sevin SL (carbaryl)

appreciably discolored all the 28 dyes and undyed samples

evaluated; however, the color changes often were similar to those

previously described; however, these insecticides also increased

ozone fading in some of the anthraquinone dyes: C.I. Disperse

Blue 3 and 26, and C.I. Disperse Violet 28. Sevin SL obtained

the second highest mean color difference value among all the
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insecticides, and Baygon with a mean aE value of 12.3 exhibited

the least amount of color change among the carbamate insecticide

products evaluated.

In addition to Dylox (trichlorf on) , the organophosphate

insecticide products that caused the greatest increase in ozone

fading in some of the anthraquinone acid and disperse blue dyes

were Vaponite 2 (dichlorvos) and Prentox Malathion. Other

organophosphate insecticide products (i.e., Diazinon 4E, Dursban

LO (chlorpyrif os) , and Safrotin (propetamphos) did not increase

ozone fading appreciably; except on C.I. Disperse Blue 3.

In some insecticide/dye combinations, the insecticide had a

protective effect and reduced ozone fading in some of the

anthraquinone dyes such as C.I. Disperse Blue 7 and 26. The

majority of the insecticide products accelerated ozone fading in

C.I. Disperse Blue 3 and decreased fading in C.I. Disperse Blue

7.

The untreated/undy ed sample was appreciably discolored after

ozone exposure (8.9 aE). Some insecticides such as Bonide Flea

Killer, Diazinon 4E, Dylox, Evercide Concentrate 2362, Multicide

Concentrate 2154, Orthene, Prentox Malathion, and Vaponite 2

exhibited AE values smaller than that observed by untreated-

undyed sample when exposed to ozone. The results of the

previous tests showed that these insecticide always had the least

amount of color change on the undyed samples. As discussed

previously, the carbamate insecticide products and oil based
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insecticide products (Pyrocide Fogging Concentrate 7192, and

Syntox) caused the greatest discoloration on the undyed control

samples. In ozone test, Pyrocide Fogging Concentrate 7192 (29.2

AE), and Syntox (26.1 AE), followed by Sevin SL (15.5 AE) , Baygon

(15.3 AE), and Ficam W (9.3 AE) caused the greatest amount of

color change on the undyed nylon (see Table XXII).

The rank order of the mean color difference values for the

dye types exposed to ozone are given in Table XXV. As mentioned

previously, C.I. Disperse Blue 3 (mean = 31.2 AE) exhibited the

greatest amount of ozone fading among all of the dye evaluated.

The individual color difference values for this dye ranged from

10.1 to 46.0 for the various insecticide products. The least

amount of color change on C.I. Disperse Blue 3 was associated

with Multicide Concentrate 2154 and the untreated samples,

whereas the greatest amount of color change was associated with

Dylox. All untreated and insecticide treated samples of C.I.

Disperse Blue 3 were appreciably discolored in the ozone test,

suggesting that the chemical structure of this dye (an

anthraquinone dye with the -NHCH , and -NH(CH
2

)2
OH functional

groups) is very susceptible to ozone degradation. Other anthra-

quinone dyes such as C.I. Disperse Violet 28, C.I. Disperse Blue

7 and 26 containing -NH-R groups in their structure also

appreciably discolored when exposed to ozone.

As in the previous tests, C.I. Acid Red 360, Eastman Acid

Red KSC, Eastman Acid Red 2BDR exhibited the greatest amount of
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TABLE XXV

Duncan's Multiple Range Test on Mean Color Difference Vi

(AE's) for Qy e Types in the Ozone Test

lues

Dye Mean AE Groupings *

C.I. Disperse Blue 3 31.2 A

Eastman Acid Red KSC 21.8 3

Eastman Acid Red 2BDR . 20.5 3 C

C.I. Acid Red 360 19.4 D 3 C

C.I. Disperse Blue 7 16.6 D 3 c E

C.I. Disperse Blue 26 15.1 D 3 c 3

C.I. Disperse Violet 28 14.8 J 5 c 3 F

C.I. Acid Blue 25 13.8 D G c 3 F

C.I. Acid Blue 324 13.0 D G H 3 F

C.I. Acid Blue 80 12.3 I D G H 3 F

C.I. Acid Blue 277 12.5 I D G H 3 F

C.I. Disperse Red 17 11.2 I G a E F

C.I. Disperse Red 309 10.3 I G H 3 F

C.I. Undyed 9.6 I C H E F

C.I. Acid Blue 40 9.2 I G H E F

C.I. Acid Yellow 49 8.9 I G H F

C.I. Disperse Red 340 3.6 I G H F

C.I. Acid Orange 152 7.5 I G H F

C.I. Acid Red 57 7.4 I G H F

C.I. Acid Blue 324 6.7 I G H F

C.I. Disperse Yellow 3 6.4 I G H

C.I. Acid Orange 156 6.4 I G H

C.I. Acid Yellow 151 6.0 I G H

C.I. Acid Yellow 219 5.9 I ri

C.I. Acid Red 299 5.6 I H

C.I. Acid Red 99 5.4 I H

C.I. Acid Red 114 5.2 I H

C.I. Acid Red 361 5.1 : H

C.I. Acid Red 266 5.0 :

* Meian with the same letter are not significantly different.
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color change during ozone exposure, compared to the other red

dyes evaluated. The highest aE values for these dyes were

attributed to certain organophosphate insecticides, such as

Dylox, Orthene, Prentox Malathion, Safrotin, and Vaponite 2 (see

Table XXII). The color change that occurred in the organophos-

phate sensitive red dyes was attributed primarily to the

insecticide, rather than to ozone.

All of the dyed samples treated with insecticides and

exposed to ozone exhibited mean aE values exceeding 4.0.

Although the four lowest mean color difference values for C.I.

Acid Red 266, C.I. Acid Red 114, and C.I. Acid Red 99 were

greater than 4.0, the red dyes were less sensitive to ozone than

the blue dyes.

The greatest amount of color change in the acid yellow dyes

was caused by the carbamate insecticide products. The acid

yellow dyes evaluated in this study were azo dyes, but their

chemical structure were not available in Colour I_niie_x.. Among

all of the disperse dyes evaluated, the yellow dye (C.I. Disperse

Yellow 3) was the least sensitive to ozone fading.

In summary, the majority of the acid and disperse blue dyes

exhibited appreciable color change in the ozone test, especially

those in the anthraquinone chemical class. In many instances,

the insecticides accelerated ozone fading in these dyes. Other

hue types had appreciable color change, but the type of color

changes that occurred were similar to the results obtained in the
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standard temperature or high temperature and humidity tests.

Effects c_f_ Commercial Insecticide
Formulations c_u Afiid and Disperse Dyes

To evaluate the effects of the inactive ingredients in the

commercial insecticide products on the colorf astness of acid-and

disperse-dy ed nylon carpet fibers, the data of this study were

compared with the results of AATCC study. As mentioned

previously, the AATCC study investigated the effects of the

technical grade (active ingredient) of the insecticidal chemicals

(applied with an acetone solvent) on the dyed nylon samples. The

same acid and disperse dyes were used in both studies. The

relative effects of the inactive ingredients can be assessed by

comparing the difference between the amount of color change for

the unformulated (technical grade) insecticides and formulated

(commercial insecticide) products. However, no information was

available on the chemical component(s) used as the inert

ingredient in each commercial insecticide product evaluated.

Certain insecticides such as Bonide House Hold Flea Killer,

Diazinon 4E, Dursban LO, Multicide Concentrate 2154, and Syntox

contained aromatic petroleum solvents in their formulations.

Pyrocide Fogging Concentrate 7192 contained piperonyl butoxide (a

synergist) in addition to active ingredient (pyrethroid) and an

aromatic solvent. This research contributes valuable knowledge

for the future researcher investigating the effects of different

inactive chemicals contained in commercial formulations.
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The individual AE values of each of the insecticides from

both studies exposed to standard temperature, high temperature

and humidity, and xenon light are given, respectively, in Tables

XXVI, XXVII, and XXVIII.

Standard Temperature

In the standard temperature test, the color difference

values for the carbamate insecticides (Baygon, Ficam W, and Sevin

SL) were significantly greater when applied as commercial

formulations (see Table XXVI). All of the nylon samples treated

with propoxur (technical grade) had color difference values less

than 3.0, whereas, in this study all of the dyed samples treated

with Baygon exhibited AE values above 4.3. Similarly, all

samples treated with bendiocarb, except C.I. Acid Red 360,

Eastman Acid Red KSC, and Eastman Acid Red 2BDR, had AE values of

less than 3.0. When treated with Ficam W, however, appreciably

more color change occurred in the dyed samples, as exemplified by

the lowest AE value of 6.0. Among the carbamate insecticides,

Sevin SL caused the greatest amount of color change in both the

pure and commercial form. Among the carbaryl samples evaluated,

only seven samples had AE value less than 3.0. Carbaryl caused

the greatest amount of color change on C.I. Acid Red 360, Eastman

Acid Red KSC, and Eastman Acid Red 2BDR. All 29 dyes types were

discolored significantly by Sevin SL . Therefore, the additive

chemical ingredients in carbamate insecticides were responsible
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for further discoloration of acid and disperse dyed and undyed

nylon carpet samples.

In both this study as well as the AATCC study, the dyes that

exhibited the greatest amount of color change when treated with

the technical grade and formulated organophosphate insecticides

were C.I. Acid Red 360, Eastman Acid Red KCS, and Eastman Acid

Red 2BDR samples. The AE values for the commercial insecticides

products were higher than the technical grade. Among the

organophosphate insecticides, Diazinon (technical grade) was the

only insecticide which did not cause appreciable discoloration on

the above dyes, whereas, Diazinon 4E (commercial product) did

cause appreciable color change on these dyes. The color

difference values of the other dyes also were greater when

treated with the commercially formulated organophosphate insecti-

cides than when treated with the technical grade.

The color difference values for dyed samples treated with

lethane 384 were comparable to the AE values of Bonide House Hold

Flea Killer. Therefore, the additive chemical ingredients in

this product had less of an effect on the dyes than did the

additive chemical ingredients in some of the other insecticides,

such as the carbamates and organophosphates. Resmethrin also had

similar color difference values to Syntox. Syntox and Bonide

House Hold Flea Killer were the only commercial insecticides

which were applied in concentrations less than 5% (active

ingredient ) .
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In general, the color difference values for the commercial

insecticide products for the majority of dyes were greater than

those values obtained with the technical grade of the insecti-

cidal chemicals in the standard condition test. Hence, additive

chemicals in certain commercial formulations may accelerate color

change in dyed and undyed nylon carpets.

High Temperature and High Humidity

The commercially formulated insecticides also caused greater

color change in the acid and disperse dyes applied to nylon when

exposed to high temperature and humidity (see Table XXVII). The

majority of the color difference values for the commercial

insecticides were greater than those values for the technical

grade of insecticides. Baygon, Ficam W, and Sevin SL produced

significantly greater AE values on dyed samples, compared to the

the pure forms of propoxur, bendiocarb, and carbaryl.

As in standard temperature test, the color difference values

of Lethane 384 and Bonide House Hold Flea Killer were almost

similar. Hence, the additives in these formulated products were

not responsible for additional dye discoloration in the high

temperature and humidity test. Among the organophosphate

insecticides, Diazinon 4E produced slightly higher AE values on

the majority of the dye types than did diazinon. The only dye

types that exhibited greater color change when treated with

technical grade of diazinon, compared to the formulated product

(Diazinon 4E) were C.I. Disperse Red 309, C.I. Acid Red 299, and

108



Eastman Acid Red 2BDR. The technical grade of malathion also

produced slightly higher aE values than Prentox Malathion on C.I.

Disperse Red 17, 309, and 340; C.I. Acid Red 299, and 360;

Eastman Acid Red KSC, and 2BDR ; C.I. Acid Yellow 151, and C.I.

Acid Orange 152 and 156. Color difference values for trichlorfon

and Dylox were similar in the high temperature and humidity test.

Chlorpyrifos and Dursban LO also had similar AE values.

Color difference values for other organophosphate insecti-

cides such as Orthene, Safrotin and Vaponite 2, as compared to

the technical grade of the insecticidal chemicals acephate,

propetamphos, and dichlorvos, caused more color change on C.I.

Disperse Red 17, 309, and 340; C.I. Acid Red 299 and 360; Eastman

Acid Red KSC and 2BDR ; and C.I. Acid Orange 152 and 156. Other

dye types treated with these insecticides exhibited similar AE

values in the high temperature and humidity test.

Xenon Light Exposure

As in standard temperature and high temperature and humidity

tests, Baygon, Ficam H, and Sevin SL produced greater color

change compared to propoxur, bendiocarb, and carbaryl when

applied to the acid-and disperse-dy ed nylon carpet samples and

exposed to 80 AFU ' s of xenon light (see Table XXVIII). For

example, the individual AE values for the samples treated with

Ficam W were two to three times greater than those obtained for

the samples treated with the technical grade of bendiocarb. In
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all test conditions, the commercial formulations of the carbamate

insecticides increased the amount of discoloration on the dyed

and undyed nylon.

Unlike the result of standard temperature and high tempera-

ture and humidity tests, Bonide House Hold Flea Killer caused

less fading on the majority of the dye types during xenon light

exposure than did Lethane 384. Among the organophosphate insecti-

cides, Prentox Malathion and Vaponite 2 caused greater color

change in all dye types as compared to their pure forms; whereas,

Orthene, and Dursban LO, with a few exceptions, exhibited lower

AE values compared to acephate and chlorpyrif os. Eastman Acid

Red KSC and 2BDR, and C.I. Acid Yellow 151 exhibited greater

color change when treated with the commercial form of these

insecticides. Both Pyrocide Fogging Concentrate 7192 and Syntox

increased the amount of light fading in all dye types compared to

technical form. Based on the results obtained for the technical

grades of pyrethrum and resmethrin, Pyrocide Fogging Concentrate

7192 caused greater fading than Syntox on the dyed nylon samples.

However, the Syntox was applied at a 2.5% (active ingredient)

concentration, while resmethrin was applied at 5% concentration.

Statistical Analysis

An analysis of variance statistical test was used to

evaluate further the effects of the independent variables

(exposure conditions, dye types, and insecticide products) on the
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dependent variable (AE - total color difference) (see Table

XXIX). Because all of the independent variables and second order

interactions (exposure x insecticide, exposure x dye, and

insecticide x dye) were significant, Duncan's Multiple Range

Tests were used to determine the significant differences and

nonsignificant groupings within each of the above second order

interactions. Hence, the significant effects of the independent

variables on color difference were confounded by the interactions

among these variables and are discussed accordingly.

In general, xenon light exposure produced significantly

higher aE values, followed by ozone, high temperature and

humidity, and standard temperature as indicated in the Duncan's

Multiple Range Test on mean color difference values for exposure

conditions (see Table XXX). During xenon light exposure, the

dyed samples were subjected to the combined effects of light,

heat, and humidity which often accelerate insecticide discolor-

ation of dyes. Many of the insecticides appreciably reduced the

lightf astness of selected acid and disperse dyes. The standard

temperature conditions induced the least amount of color change,

as was expected. The mean color difference values associated

with each exposure condition differed significantly.

The results of the Duncan's Multiple Range Test performed on

the mean color difference values associated with the 16 insecti-

cide treatments are given in Table XXXI. Averaged across all dye

types and test conditions, the mean aE value for Sevin SL was
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TABLE XXIX

Analysis of Variance Test

Independent Degree of Sum of F
Variables Freedom Squares PR > F value

Dye 28 31290.47 0.0001 29.98

Insecticide 15 65493.44 0.0001 117.15

Exposure 3 10970.06 0.0001 98.11

Dye x

Insecticide 420 87706.20 0.0001 5.60

Dye x

Exposure 84 10593.15 0.0001 3.38

Insecticide
x Exposure 45 27 976.87 0.0001 16.68
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Table XXX

Duncan's Multiple Range Test For Exposure Conditions

Exposure Mean aE Groupings *

Xenon Light

Ozone

High Temperature
and Humidity

Standard Temperature

13 .4

11 .1

8 .9

6 .9

* Means with the same letter are not significantly different.
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Table XXXI

Duncan's Multiple Range Test For Insecticide Products

Insecticide Mean AE Groupings*

A

B
B
B C

C

C

D

D

D

D

G
G
G H

H
I H

I H
I H
I H

Evercide Concentrate I H J

I H J

I H J

I H J

I H J

I J

I J

I J

Sevin SL 20.5

Dylox 18.7

Vaponite 2 17.8

Ficam W 16.9

Prentox Malatlrlion 15.1

Pyrocide Fogging
Concentrate 7192 14.1

Baygon 10.7

Syntox 8.8

Orthene 7.1

Dursban LO 6.0

Saf rotin 5.1

Diazinon 4E 4.7

2362 4 .6

Multicide Concentrate
2154 4 .4

Bonide House Hold Flea
Killer 3 .9

Untreated Controls 2 .9

* Mean with the same letter are not significantly different.
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significantly higher than the mean associated with the other

insecticide products. Dylox and Vaponite 2 produced the second

and third highest mean AE values, although the value for Vaponite

2 was not significantly different than that of Ficam W. The

untreated samples exhibited the lowest mean AE value which was

not significantly different from the values for Bonide House Hold

Flea Killer, Multicide Concentrate 2154, and Evercide Concentrate

2362. The rank orders of the mean AE' s for the insecticide

treatments within each of the four exposure conditions are

presented in Table X, XIV, XVIII, and XXII, and have been

discussed previously. Compared to the mean AE values in the

combined analysis, the rank order and significant differences

among the insecticides within each exposure conditions differed

somewhat. For example, in the standard temperature and xenon

test, Sevin SL and Vaponite 2 produced the greatest amount of

color change. In the high temperature and humidity test, unlike

the result of two previous tests, Prentox Malathion and Dylox had

the highest mean aE values; however, the mean AE values of Dylox

was not significantly higher than that of Ficam W, Vaponite 2,

and Pyrocide Fogging Concentrate 7192. In ozone test, Dylox,

Sevin SL, Ficam W, and Vaponite 2 had significantly higher color

difference values. In all of the test conditions, the untreated

samples had the lowest mean aE values. The ozone test caused the

greatest amount of color change on the untreated controls because
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some of the blue acid and disperse anthraquinone dyes were

sensitive to ozone.

Results of the Duncan's Multiple Range Tests for each dye

type showed that Eastman Acid Red KSC, Eastman Acid Red 2BDR, and

C.I. Acid Red 360 exhibited significantly higher mean AE values

overall (i.e., averaged across all exposure conditions) (see

Table XXXII), and in the standard temperature, high temperature

and humidity, and xenon light tests (see Tables XIII, XVII, XXI,

and XXV) . Except for these three dyes, there were no significant

difference among the mean AE values for the individual dyes in

the standard temperature and high temperature and humidity test.

In xenon light exposure, the mean color difference values for the

following dyes were not significantly different: C.I. Disperse

Blue 3, CI. Disperse Violet 28, C.I. Acid Yellow 49, CI.

Disperse Blue 3, C.I. Acid Blue 277, CI. Acid Blue 25, CI.

Disperse Red 340, C.I. Acid Red 57, C.I. Acid Blue 80, C.I.

Disperse Red 17, C.I. Acid Blue 324, undyed controls, CI. Acid

Red 361, C.I. Acid Red 377, and CI. Disperse 309. In the ozone

test, C.I. Disperse Blue 3 had the highest mean color difference

value which was significantly greater than the means for Eastman

Acid Red KSC, 2BDR, C.I. Acid Red 360, C.I. Disperse Blue 7, and

26, and CI. Disperse Violet 28. Other dyes exhibited similar

patterns of significance in ozone test (see Tables XIII, XVII,

XXI, and XXV) .
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Table XXXII

Duncan's Multiple Range Test For Dye Types

Dye Applied to Nylon

Eastman Acid Red KSC
Eastman Acid Red 2BDR
C.I. Acid Red 360
C.I. Disperse Blue 3

C.I. Disperse Violet 28
C.I. Disperse Blue 26
C.I. Disperse Red 17

C.I. Acid Blue 25
C.I. Acid Blue 324
Undyed Controls
C.I. Disperse Red 340
C.I. Acid Blue 277
C.I. Acid Blue 80
C.I. Acid Yellow 49
C.I. Disperse Blue 7
C.I. Disperse Red 309
C. I. Acid Orange 152
C.I. Acid Red 57
C.I. Acid Blue 40
C.I. Acid Yellow 219
C.I. Acid Red 337
C. I. Acid Orange 156
C.I. Acid Red 299
C.I. Disperse Yellow 3

C.I. Acid Red 361
C.I. Acid Yellow 151
C. I. Acid Red 266
C.I. Acid Red 99
C.I. Acid Red 114

* Means with the same letter are not significantly difference.

Mean AE Grou ping *

20.9 A
19.8 A

18.9 A

15.9 B

12.3 C

11 .9 C D

11.7 c D

11 .0 C D E

10.8 C F D E

10.7 c F D E

10.7 C F D E

10.6 c F D E

10.2 c F D E

10.1 c F D E

9.3 H F D E

8.8 H F I E

8.3 H F I

8.3 H F I

7.7 H I J

7.6 H I J

7.6 H I J

7.2 H K I J

7.2 H K I J

7.0 H K I J

6.5 L K I J

5.6 L K J

5.6 L K J

5.2 L K J

4.9 L K
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SUMMARY AM CONCLUSION

This study investigated the effects of 15 selected com-

mercial insecticides on the colorf astness of 20 acid dyes and

eight disperse dyes on nylon carpet yarns. The results also were

compared with the data from the AATCC study so the combined

effects of insecticidal chemicals and formulation additives could

be evaluated. All of the commercial insecticides were approved

by the EPA for home use.

With a few exception (i.e., Bonid House Hold Flea Killer,

Evercide Concentrate 2362, and Syntox) all dyed samples were

treated individually with 5% (w/w active ingredient) concen-

tration of each insecticide products, then exposed to standard

temperature (21 ± 3° C ) for 1000 hours, high temperature (100 ± 5°

C) and high humidity for eight hours, xenon light exposure for 80

AFU's, and ozone for two cycles of fade. The color difference

values (aE) of the treated and exposed samples were measured

instrumentally by using a Hunterlab D25-M colorimeter. The aE

values for the samples were analyzed statistically by using the

Analysis of Variance and Duncan's Multiple Range tests. The

results of these tests helped to determine further the effects of

commercial insecticides on the colorf astness of nylon carpet dyes

in each of the four exposure conditions.

Color difference values of commercial insecticides, except
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for Multicide Concentration 2154 and Evercide Concentration 2362,

were compared with the aE values of AATCC Midwest study to

evaluate the combined effects of active and inactive ingredients

of each insecticide product on the acid and disperse dyes.

The mean color difference values of the insecticide products

in all of the four exposure conditions are shown in Figure 7.

Fifty-nine of the 64 mean color difference values were above 3.5

AE units. Specifically, the greatest amount of discoloration

occurred during xenon light exposure. Sevin SL and Vaponite 2

caused the greatest amount of fading, although other insecticide

products including Baygon, Dylox, Ficam W, Prentox Malathion,

Pyrocide Fogging Concentrate 7192, and Multicide Concentrate 2154

also reduced the lightf astness of many of the dye types. Bonide

House Hold Flea Killer. Dursban LO, Evercide Concentrate 2362,

and Syntox, with a few exceptions, decreased the lightf astness of

all of the acid and disperse dyes. Diazinon 4E, Orthene, and

Safrotin caused the least amount of fading in this test.

However, the lightf astness of more than half of the dyed samples

were reduced when treated with these insecticides. Dyes treated

with Dylox and Prentox Malathion exhibited the highest mean AE

values in high temperature and humidity test. In standard

temperature test, Baygon, Dylox, Ficam W, Orthene, Prentox

Malathion, Pyrocide Fogging Concentrate 7192, Sevin SL and

Vaponite 2 discolored the majority of the dyed samples. Bonide

House Hold Flea Killer, Dursban LO, Evercide Concentrate 2362 and
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Multicide Concentrate 2154 had the least amount of color change.

In general, the carbamate insecticide products [Baygon

(propoxur), Ficam W (bendiocarb) , and Sevin SL (carbaryl)] dis-

colored the majority of the acid and disperse dyed samples in all

four exposures. Discoloration was mostly due to the white

"chalky" residue which was left on the surface of the samples

after treatment.

Among the organophosphate insecticide products evaluated,

Vaponite 2 (dichlorvos) and Dylox (trichlorf on) obtained the

highest mean AE values, although Orthene (acephate) and Prentox

Malathion also caused a great amount of color change on majority

of disperse and acid dyes, compared to the other organophosphate

products. Certain dyes (C.I. Acid 360, Eastman Acid Red KSC, and

2BDR, C.I. Disperse Red 17, and 340) always exhibited a great

amount of color change (AE > 20.0 units) and/or hue shift in

treatment with these insecticide products under each exposure

condition. Diazinon 4E, Dursban LO (chlorpy rif os) , and Safrotin

(propetamphos) caused the least amount of color change among the

organophosphate insecticides.

The pyrethroid insecticide products [Evercide Concentrate

2362 ( fenvalerate) , and Multicide Concentrate 2154 (phenoxy-

benzyl) , and Syntox (resmethrin)] caused considerably less color

change on the dyed samples, compared to the carbamate and

organophosphate insecticides. The mean AE values of all of

pyrethroid insecticides were less than 3.5 AE units in high
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temperature and humidity and standard temperature tests; whereas,

in xenon light exposure test all of the dyed samples faded

appreciably. The majority of acid and disperse dyes discolored

in ozone test when they were treated with these insecticide

products.

Pyrocide Fogging Concentrate 7192 (pyrethrum) discolored all

dyed samples in high temperature and humidity, xenon, and ozone

tests. Twenty-four of the 29 dyed samples also were discolored

with this insecticide in standard temperature test. Due to the

yellowish oily color of this insecticide, all disperse and acid

blue dyes had a hue shift to greenish blue which resulted in

appreciable color difference values. The undyed controls also

exhibited a considerable amount of color change when treated with

Pyrocide Fogging Concentrate 7192.

Bonide House Hold Flea Killer (lethane 384), caused the

least amount of color change among all of the insecticides in the

high temperature and humidity and standard temperature tests.

Conversely, the samples treated with Bonide House Hold Flea

Killer exhibited appreciably greater color change in the xenon

light and ozone tests. However, the majority of the individual

AE values (except C.I. Disperse Blue 3 in the ozone test) of the

samples treated with this insecticide did not exceeded 10.0

units.

Compared to the technical grade of the insecticidal chemi-

cals, the formulation additives in the commercial products
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influenced the amount of color change that occurred in the acid

and disperse dyes. For example, the aE values of all dyed

samples treated with propoxur in the standard temperature test

were less than 3.0 units, whereas, all the samples treated with

Baygon were discolored noticeably in this test. Other insecti-

cides such as Ficam W, Sevin SL, Diazinon HE, Dursban LO, Dylox,

Prentox Malathion, Pyrocide Fogging concentration 7192, Safrotin,

Orthene, and Vaponite 2 also caused greater color change as

compared to the technical grade forms (5% insecticide/acetone

solutions) of the insecticidal chemicals.

Bonide House Hold Flea Killer and Syntox were the only

insecticides that had similar aE values for both the commercial

formulations and the insecticide/acetone solutions. These re-

sults may be due to, in part, the lower concentrations that were

used in applying these two insecticides.

Certain dyes were equally sensitive to both the commercial

and pure form of the insecticidal chemicals, and the amount of

discoloration was greater in the high temperature and humidity

test. For example, C.I. Acid Red 360, Eastman Acid Red KSC,

Eastman Acid Red 2BDR, C.I. Acid Orange 152, C.I. Acid Orange

156, C.I. Disperse Red 17, C.I. Disperse Red 309, CI. Disperse

Red 3H0 exhibited the highest AE values in both studies within

the four exposure conditions. Other dye types had similar color

difference values for the majority of insecticides in this test.

High temperature and humidity often will accelerated the
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deleterious effects of the active and inactive ingredients.

For some of the dyes, the technical grade of the insecti-

cidal chemicals such as lethane 384, acephate, and chlorpyrifos

exhibited higher aE values, compared to commercial forms when

exposed to xenon light; whereas, commercial products such as

Syntox ( resmethrin) , Pyrocide Fogging concentration 7192

(pyrethrum), Prentox Malathion, Baygon (propoxur), Ficam W

(bendiocarb) , Sevin SL (carbaryl) , and Vaponite 2 (dichlorvos)

caused greater color change during xenon light exposure compared

to the the technical grade of the insecticidal chemical.

In summary, many of the commercial insecticide products

caused appreciably greater color change in the acid and disperse

dyes applied to nylon than did the 5% insecticide/acetone

solution. However, these differences may be attributed to both

the inactive ingredients in the insecticide products and

variations in the percent wet pick up during application. Even

though some of the formulated insecticide products caused

appreciably greater color change, compared to the solutions

prepared from the technical grade of the insecticides, similar

changes were observed in both studies in terms of the dyes that

were the most susceptible to insecticide discoloration and the

insecticides that had the greatest effect on the dyes.

12U



BIBLIOGRAPHY

1. AATCC Technical Manual. Vol. 58, American Association of

Textile Chemists and Colorists, Research Triangle Park,

N.C., 1982-1983.

2. Bledsoe, Michael, and Bledsoe, William, "The Flea Market",
Pest Control . Vol. 50, No. 7, July 1982, pp. 57-58.

3. Brooks, H. Leroy and Gates, Dell E. , Common Household Pests,
Kansas State University, Manhattan, Cooperative Extention
Service.

4. Carpet Spot Complaints . Carpet Manuf acturures Association of

the West, West Covina, Coalitornia, February 12, 1982.

5. Colour Xosleji, the Society of Dyers and Colourists, England,
1963.

6. CRI Statement on Pesticide Use on Carpets , The Carpet and
Rug LInstitute, Dalton, Georgia, 1982 .

7. Davis, E. R. , "Nylon Carpets: Past, Present, Future. " Canadian
Textile Journal . July 1978, pp. 53-56.

8. Delaware Valley Section, AATCC, "The Effect of Selected
Finishes on colorf astness Properties of Acid Dyed Nylon 6,"
textile Chemist and Col or i St . Vol. 14, No. 3, March 1982,
pp. 40-45.

9. Dreaper, W.P., "The Chemistry and Physics of Dyeing", 1906,
P. Blakiston's Son & Co., Philadelphia, 1012 Walnut Street.

10. Dves for Nvlon Carpet Yarns £s Maximize Ozone Resistance.
Allied Chemical Coorparation, New York, N.Y.

11. East, G.C., and Ferguson, J. P., "Improved Laboratory Soiling
Method for Carpets," Journal flf £iie Textile Institute

,
Vol.

60, 1969, pp. 400-402.

12. "Effect of Insecticides on the Colorf astness of Acid and
Disperse Dyes on Nylon and Polyester", Textile Chemist and
Col orist . Vol. 16, No. 1, January 1984, pp 9/25-21/37

13. Final Report, £11 M Hjic Pesticide Committee , Dalton,
Georgia, November 1982.

125



14. Fox, M.R. , iai Dyestuffs and y_ai Dyeing , John Wiley & Sons
Inc., 440 Fourth Avenue, New York, N.Y., 1984.

15. Goes, Elizabeth and Savage, Eldon PI, "Household Pesticide
Usage in United States, "Archives o_f_ Environmental Health,
Vol.36, No. 6, November/December 1980, pp. 304-309.

16. Haylock, J.C., and Rush, J.L. , "Studies on the Ozone Fading
of Anthraquinone Dyes on Nylon Fibers", Part I, Textil e

Research Journal . Vol. 48, No. 1, January 1978, pp 1-8

17. Haylock, J.C., and Rush, J.L. , "Studies on the Ozone Fading
of Anthraquinone Dyes on Nylon Fibers", Part II : In-Service
Performance, Textile Research Journal . Vol. 48, No. , 1978,
pp. 143-149.

18. Heuvel, H.M. , Huisman, R. , and Schmidt, H. M. , "Ozone Fading
of Disperse Blue 3 on Nylon 6 fibers. The Influence of
Physical fiber Properties", Textile Research Journal Vol.
48, No. 7, July 1978, pp. 376-384.

19. Hollen, N. , Saddler, J., Langford, A., Textiles , fifth
Macmillan Publication, Inc., 1979.

20. Insecticides, A Handbook for Use With Insect Control
Recommendations , Cooperative Extension Service, KSU,
Manhattan, KS.

21 . Larson, Jack Lenor, and Weeks, Jeanne, Fabrics for Inte-
riors

,
Van Nostrand Reinhold Company, New York, pp. 12-14.

22. Lebensaft, W.W. , and Salvin, V. S. , "Ozone Fading of Anthra-
quinone Dyes on Nylon and Acetates", Textil e Chemist and.
Col orist , Vol. 4, No. 7, July 1972, pp. 182-186.

23. Lewis, H. M. , "Better Ozone Fastness on Nylon Carpets with
Acid and disperse Dye Combinations", American Dvestuf f

Reporter . Vol. 68, No. 6, June 1979, pp. 26-34.

24. Moore, F.A.R., Ruetsch. S.B., and Weigman, H.D., "The Role
of Dye Diffusion in the Ozone Fading of Acid and Disperse
Dyestuffs in Poly amides", 1 984 AATCC Book o_£ Research . 1984,
PP143-183

25. "More on Carpet Staining", Pest Manaement , Vol. 1, NO. 14,
Dec. 1982, pp. 24-26.

12b



26. Norman S. Allen, "Structural Influencess on the Photostabi-
lity of Anthraquinone Dyes In Man-Made Polymers", Department
of Chemistry, Manchester Polytechnic, UK.

27. O'Brien, Mildred Jackson, The Rug and Carpet fi^ojj, M.

Barrows and co. Inc., New York, pp. 3-5.

28. Packer, Kinaslev . Nanogen Index
,

Nanogens International,
Freedom, CA,1975.

29. "Pesticides, Red Dyes Probed in Nylon Carpet Discoloration",
Chemical Marketing Reporter , July 19, 1982, p. 7.

30. Rambo, George W. , "Carpet Staining an Update", Pest
Management , Vol. 5, No 12, October 1982, p. 21.

31. Salvin, V. S. , "Colorf astness to Atmospheric Contamina ts",
part two, Textile Chemist and Colorist . Vol.6, No. 8,
August 1974, pp 185-189.

32. "Soil Hiding and Piece Dyeable Fibers Crown Latest Effects
in Man-Made", American' s Textile Reporter , June 24, 1971,
pp. 9-10, 12 and 24.

33. Special Carpet Care Studies , Allied Chemical Corporation,
New York, N.Y.

34. "Special Fles Control Section", Pest Control Technology,
Vol. 10, No. 7, July 1982, p. 36.

35. Sunthankar. S.V. , "Chemical Constitution and Fastness of
Disperse Dyes", Department of Chemical Technology, Universi-
ty of Bombay, Bombay, India, 1962.

36. Trotman, E. R. , Dyeing and Chemical Technology of Textile
Fibers , Whitstable Litho Ltd., Whitstable, Kent, Great
Britian, 1975, pp. 403, 527.

37. Venkataraman, K. , lh£ Analytical Chemistry fll Synthetic
Dves , John Wiley & Sons Inc., New York, 1977.

38. Ware, George W. , The Pesticide Book , W.H. Freeman and
Company, San Francisco, CA. , 1978, p. 16.

39. Weinder, Tim, "Dyed-in-the-Wool Disaster!", Pest Control
Technology . Vol. 10, No. 10, October 1982, pp. 40-42, 44, 46
and 48.

40 . White, J.L. , Fiber Structure and Properties , John Wiley &
Sons Inc., New York, N.Y., 1976.

127



THE EFFECTS OF COMMERCIAL INSECTICIDE PRODUCTS
ON ACID AND DISPERSE DYES ON NYLON CARPET FIBER

BY

FROZAN PURBOGHRAT-AFIAT

s. , Frozan Pahlavi University. 1976

AN ABSTRACT

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Clothing, Textiles and Interior Design

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1985



It has been recognized for many years that certain commercial

insecticide products may cause color change in dyed carpeting.

This study builds upon the research conducted by the AATCC Midwest

study. Investigate herein were the effects of 15 commercial

insecticide products on the 20 acid and eight disperse dyes

applied to nylon carpet yarns. In addition, the results of this

study were compared with the data from the AATCC Midwest study in

order to assess the influence of formulation additives on dye

discoloration by insecticide products. Dyed and undyed nylon

samples were treated with the commercial insecticides and then

exposed to standard temperature, high temperature and high

humidity, xenon light, and ozone. The treated/exposed samples

were measured instrumentally for color change in AE (CIEL*a*b*)

color difference units.

Among the four test conditions, xenon light exposure caused

the greatest amount of color change, followed by ozone, high

temperature and humidity, and standard temperature. C.I. Acid

Red 360, and Eastman Acid Red KCS and 2BDR were the dyes most

sensitive to insecticides in all four exposures and C.I. Disperse

Blue 3 exhibited the greatest amount of ozone fading.

The formulated carbamate insecticide products (Baygon, Ficam

W, and Sevin SL) contained additives (inactive chemical

ingredients) that accelerated color change in the dyed and undyed

nylon carpet yarns. The majority of commercial organophosphate



insecticides also caused greater color change than did the

technical grade of the insecticide applied in an acetone solvent.

However, the differences between the technical grade and

formulated products were influenced by exposure condition. In

general, the commercial formulations of the insecticidal chemicals

caused significantly greater color change than did the 5%

insecticide/acetone solutions that were used in the AATCC Midwest

study

.


