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ABSTRACT

Two test methods were used to determine pesticide penetration depending on different

types of protective clothing material; one was a spray test and the other was a weight (pressure)

test. A laboratory spray chamber was used to spray pesticides (Leonas, 1988). The laboratory

spray system simulates field studies by facilitating of the droplet size and amount of pesticide

delivered to the fabric. For the weight test, a 2 psi weight for one minute was used to simulate

elbow or forearm pressure after spray test. Four commercial nonwovens, one knit, and one

woven materials were selected based on their different fiber characteristics and because the

fabrics represented what workers typically wear. Spunbond-meltblown-spunbond (SMS),

microporous film laminated spunbond (MSB), nonporous film coated spunbond (CSB), and

Tyvek©1422 are provided by Kappler Protective Apparel & Fabrics and 100 % t-shirt cotton knit

and 100 % cotton denim woven were provided by Test Fabrics, Inc., Middlesex, NJ. Two

pesticides were selected because they represent the most commonly used commercial and

residential applications; atrazine (herbicide) and chlorpyrifos (insecticide) respectively.

According to the recommendation of agricultural scientists, 2.5 % (v/v) concentration active

ingredient of atrazine (Atrazine 4L®) and 1.0 % (v/v) concentration active ingredient of

chlorpyrifos (Dursban®), as general concentrations in actual field applications, were selected. A

multi-layer sample consisted of 3 layers; a protective apparel fabric, a cotton knit collector and a

mylar backing, was prepared similar to that used in study by Leonas (1985) and Dimit (1989).

The cotton knit was to simulate the garments of agricultural workers, and the mylar prevent

pesticide penetration from back side during the spray. The pesticide was extracted from the

cotton and was analyzed quantitatively using a Gas Chromatography (GC) and a High

Performance Liquid Chromatography (HPLC). MSB, CSB and Tyvek®1422 showed good

barrier efficiency against atrazine and chlorpyrifos. MSB and CSB had excellent barrier

efficiency against both atrazine and chlorpyrifos while Tyvek®1422 had an excellent efficiency

against atrazine. SMS nonwoven showed the worst protection among those nonwovens although

it provided good protection against atrazine. MSB would be a good choice for protective

clothing material in case of hot and humid outside weather, because micropores in outer

polyolefin film layer could allow the evaporation of the water vapors more effectively than CSB

and Tyvek®1422. CSB (about half price of MSB) and Tyvek®1422 are cost effective. Blue

denim provided good protection against atrazine while it did not against chlorpyrifos. Cotton

provided the worst protection against the both atrazine and chlorpyrifos whether weight was
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applied or not while protection of blue denim was decreased almost twofold when weight was

applied.
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CHAPTER I

INTRODUCTION

1.1 PESTICIDE HAZARDS

Crop protection chemicals (pesticides) protect us from insects, weeds, disease and hunger,

but exposure to some pose a risk of cancer, birth defects, genetic mutation, and sterility (Boraiko,

1980). Short-term symptoms resulting from pesticide exposure include nausea, eye and skin

irritation, headaches, and insomnia (Kahn, 1976). Long-term symptoms of chronic

organophosphate exposure were difficulties in focusing attention and maintaining alertness (Smith

et al., 1968). Savage et al. (1988) suggests that chronic neurological problems may follow acute

organophosphate poisonings. Cancer may be another long-term effect of pesticide risk (Leavitt et

al., 1988). The majority of occupational poisonings are dermal in nature. Dermal exposure to

pesticides accounts for 87-90% (Wolfe et al., 1972) and less than 1% of total exposure is via

respiration. The importance of pesticide dermal exposure has not received sufficient attention

because the oldest pesticides are absorbed through the skin to a lower concentration than the

pesticides used currently (Matsumura et al., 1980). Toxicity is the inherent capacity of a

compound to be poisonous at some level. Toxicity is expressed as a quantity of the substance as

compared to the weight of the animal. There is an amount (a threshold) for toxic response, and

any amount below that level is harmless. The LD50 value is the statistically estimated dosage fatal

to 50% of a large population applying to oral and dermal dosages. The LD50S are expressed as

milligrams of toxicant per kilogram of body weight, the dose that kills 50 percent of the test

animals, which are usually laboratory rats. Substances are graded according to their acute

toxicity to animals, as follows (Foraberg et al., 1986):

Level Median Lethal Dose (LD50), Dermal Rat or Rabbit, mg/kg

Very high acute toxicity <50

High acute toxicity 50 to 400

Medium-to-moderate acute toxicity 400 to 2000

Low acute toxicity
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However, hazard (degree of danger) is linked to exposure and toxicity; i.e., it is the chance that the

material will or will not elicit a negative response. If someone is not exposed, there is no hazard.

If someone is exposed to trace amounts, the chances are that there is still no hazard.

1.2 NONWOVEN MARKETS RESEARCH

In 1996, 2.0 million metric tons (almost 4.5 billion pounds) of nonwoven fabrics were

purchased worldwide (Shariq et al., 1997). Disposable items such as diapers, medical gowns and

filters, are used one or more times and then thrown away, while durable goods such as geotextiles,

interlinings and roofing last throughout the lifetime of the application. In the U.S. more than half

of the disposable nonwovens bought ($4 billion market) are diapers and incontinence and feminine

hygiene products, where spunbonds are predominant (Wuagneux, 1997).

1.3 PROTECTIVE APPAREL NONWOVENS RESEARCH

Other disposable nonwovens such as wipes and rolls, fabric softeners, oil sorbents and

protective apparel have been increased in volume to develop and tailor individual products (Shariq

et al., 1997). Spunbonded, melt blown and SMS nonwovens play an important role in medical

apparel and surgical pack items, such as drapes, gowns, mask media, mask facings and head and

shoe coverings ($1 billion business in 1997) as disposable end use (Wuagneux, 1997).

Spunbonded and SMS material also play a significant role in protective apparel and use a market

that is valued at approximately $90 million in North America (Wuagneux, 1997).

1.4 PURPOSE OF STUDY

The purpose of this study was to evaluate the effectiveness of selected fabrics in terms of

pesticide penetration. Also, the research evaluated pesticide penetration of the selected fabrics

when 2 psi pressure was applied to the contaminated samples in terms of pesticide penetration.



OBJECTIVES

The specific objectives of the research were:

1. To investigate the differences in selected fabrics in terms of pesticide penetration.

2. To investigate the difference in selected fabrics in terms of pesticide penetration when the

two psi pressure was applied to the pesticide contaminate fabrics.

3. To investigate the difference between two pesticides of different classes in relation to

pesticide penetration through the selected fabrics.

4. To evaluate whether fabric construction is related to the pesticide penetration.

5. To determine if fiber content has an effect on pesticide penetration.

HYPOTHESES

The research investigated whether the independent variable of type of fabric revealed difference

in penetration. In addition, the research investigated which fabric type provided the best barrier to

pesticide penetration. The null hypotheses are stated below:

1. There is no significant difference in pesticide penetration of selected fabrics.

2. There is no significant difference in pesticide penetration of selected fabrics when 2 psi

pressure is applied.

3. There is no significant difference in two pesticides, namely atrazine and chlorpyrifos.

4. There is no significant difference in finish in pesticide penetration.

5. There is no significant difference in method of chemical analysis (GC, HPLC).

LIMITATIONS

The limitations of the research are stated below:

1. Only two pesticides were used in this study.

2. Only six fabrics were used in this study.

3. Only two psi weight was applied for one minute.

4. The study sponsored by Kappler Safety Group, was limited to one year from conception

January 1997 until the final report that was due November 7 1997.
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CHAPTER II

REVIEW OF LITERATURE

2.1 PROTECTIVE CLOTHING

Protective garments are designed to protect the wearer or the wearer's clothing from

contamination by hazards as diverse as dirt, grease, or chemical biological radioactive hazardous

substances, which can cause injury, longer term health problems, or death. There is no ideal

protective clothing material, which can provide protection from all chemicals. The best way to

select proper protective clothing is to test the hazardous chemical that would come in contact with

the proposed material. The appropriate protective material can be selected with the knowledge of

its breakthrough time. Limited use protective apparel is constructed of fabrics produced via any

of several nonwoven processes, combinations of different nonwoven materials, or combinations of

nonwoven fabrics and films. The fabric components are chosen for their unique ability to meet

specific user performance requirements. These performance requirements are a balance between

the right level of protection, comfort for the wearer, and the total cost of the garment. A

significant portion of industrial protective apparel is used for dirty jobs, protecting the wearer from

contact with dust or grease. The environmental restoration marker is another important market for

sales of limited usage garment. Other large marker segments include asbestos/lead abatement and

chemical handling in manufacturing and agriculture. The most important factors affecting the

limited use of industrial protective clothing industries are government regulations and emphasis on

worker health and safety. Growth in this industry has been driven primarily by government

regulations starting with the 1970 passage of the Occupational Safety and Health Act, which

established OSHA. Other signifieant government regulations impacting this industry are (Deeg et

al., 1997):

•  the Resource Conservation and Recovery Act (RCRA), which addressed the

management of regulated hazardous waste, its storage and disposal

•  the Comprehensive Environmental Response, Compensation and Liability Act

(CERCLA), known as the superfund act

•  the Superfimd Amendments and Reauthorization Act (SARA)
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•  the Asbestos Hazard Emergency Response Act (AHERA)

•  OSHA's Rule for Occupational Exposure to Blood borne Pathogens

•  the EPA's Worker Protection Standard for Agricultural Pesticides.

DuPont's Tyvek®, flash spun polyethylene nonwoven fabric, continues to dominate this industry

(Deeg et al., 1997). SMS (spunbond/meltblown/spunbond) fabrics and laminates of film and

nonwoven make up most of the rest of garment fabrics used. The development of microporous

membrane materials has made better protection with comfort available to the user. Microporous

membrane-based garment fabrics are expected continually the fastest growing garment fabric.

Especially, characteristics of these fabrics are improved over the still relatively simple

constructions used today and find applications in more and diverse markets (Deeg et al., 1997). In

this market segment. Gore & Associates pioneered the use of "breathable" liquid chemical barrier

garments with its Gore-Tex® fabrics. The leading U.S. manufacturers of industrial protective

clothing include Kappler, Lakeland, Mar Mac, Kimberly Clark, with Kappler being the dominant

and most sophisticated garment manufacturer. Kappler has developed a family of proprietary

garment fabrics as well as the "CPF" line for chemical protective clothing and the "Pro-Shield"

family for general protection applications (Deeg et al., 1997). Microporous membrane-based

fabrics are expected to continue to replace more traditional fabrics and become widely used in most

major markets where their unique balance between protection and comfort is valued. ASTM

Committee F-23 on Protective Clothing was organized in 1977 by a group of concerned individuals

representing both producers and users of protective clothing. F23's function is to develop

voluntary standard test methods, terminology, classifications, and performance specifications for

protective clothing used against hazards in the workplace. Specific test methods were needed to

assess the performance of protective clothing to particulate and pesticides as well as human

factors, such as heat stress, dexterity and sizing. The recent reorganization of F 23, composed of

seven technical and five administrative subcommittees, has the responsibility for nine standard test

methods on protective clothing (Henry, 1989). The Environmental Protection Agency (EPA)

revised their Worker Protection Standard and issued a final rule that became effective October 20,

1992. This standard requires the use of personal protective equipment (PPE) for agricultural

workers exposed to pesticides. Standards of F 23 are shown in Table 2.1.



Table 2.1 Environmental Protection Worker Protective Standard F23; Personal

Protective Equipment for Agricultural workers Exposed to Pesticides

Test Method Description

F739-85 Standard Test Method for Resistance of Protective Clothing Materials to

Permeation by Liquids or Gases

F903-87 Standard Test Method for Resistance of Protective Clothing Materials to

Penetration by Liquids

F955-85 Standard Test Method for Evaluation Heat Transfer Through Materials for

Protective Clothing Upon contact with Molten Substances

F1001-86 Standard Guide for Selection of Chemicals to Evaluate Protective Clothing

F1002-86 New Standard Performance Specifications for Protective Clothing for Use

by Workers Exposed to Specific Molten Substances and Related Thermal

Hazards

F1052-87 New Standard Test Method for Thermal Protective Performance of

Materials for Protective Clothing for Hot Surface Contact

F1154-88 New Standard Practice for Quantitatively Evaluating the Comfort Fit

Function and Integrity of Chemical Protective Clothing Suit Ensembles

F1186-88 Classification System for Chemicals According to Functional Groups



2.1.1 Protective Clothing Materials

A majority of workers dealing with pesticides from five states said that they usually wore

long-sleeved shirts and jeans or work pants when applying pesticides (Rucker et al., 1988). Such

choices are consistent with generally accepted recommendations to cover arms and legs as well as

the torso. A majority of the growers in each state also reported wearing gloves that were made of

either 30-49 % waterproof vinyl or rubber or 20-48 % leather when applying pesticides. Leather

or canvas gloves tend to absorb and retain pesticides and therefore, are not recommended. The

most popular items for foot and head coverings were leather shoes and baseball caps respectively,

which again potentially result in absorption and retention of pesticides (Protective Clothing for

Pesticide Users, 1986). Few respondents wore waterproof jackets, pants or boots. Since coveralls

made of spunbond olefin can withstand machine laundering up to four times (Laughlin and Roger,

1990), much research on the fabrics after laundering are needed.

2.1.2 Woven and Knit Materials

Fabrics that are commonly used for work clothing include cotton, polyester and their

blends. These fabrics are used as protective clothing because of their comfort and washability

(Laughlin et al. 1986). Chemical degradation (penetration) of cotton fabrics is related to the

wetting and water or pesticide solution holding capacity. Thus, cotton twill and poplin, which had

larger diameter yams and more yam exposure on the surface of the fabric than broadcloth,

exhibited greater strength reduction. On the other hand, the ability of twill and poplin fabrics to

hold and transport liquids were lesser extent compared to cotton broadcloth from one surface to the

other (wicking). Smaller wicking ability than cotton broadcloth may enhance the dermal

protection afforded by these fabrics (Raheel et al., 1985). In a study by Orlando et al. (1981), six

fabrics were compared in terms of retention and penetration of pesticides. The fabrics were

chambray (100 % cotton woven), chambray with a soil-release finish (100 % cotton woven),

Tyvek®, Crowntex® (laminated with two plies of facial grade tissues), single ply polypropylene,

and Gore-Tex® (nylon woven outer fabric laminated with PTFE film). The fabrics that were

penetrated the greatest amount of pesticide were the two cotton chambray fabrics. The capillary

action of the closely woven stmcture of the fabric combined with the low contact angle of cotton

possibly explains the high level of penetration of pesticide. Obendorf and Solbrig (1986)

conducted scanning electron microscopy of 50/50 polyester/cotton unfinished fabric contaminated

with pesticide. Higher concentrations of malathion and methyl parathion were observed on the



surface and in the lumen of the cotton fibers of the fabric. Easely et al. (1981) observed the

degree of contamination of methyl parathion on 100 % cotton fabric and 50/50 polyester/cotton

fabrics. Durable press finishes on cotton/polyester fabrics increase the hydrophobic nature of the

cotton fibers while decreasing the hydrophobic characteristics of the polyester fibers. Resin

finished cotton formed intra-fiber cross-links, which reduce the hydrophilicity of cotton fabric

because cellulose hydroxyl groups for interaction with water are less available (Raheel and Gitz,

1985). Laughlin et al. (1986) observed that durable press fabrics were more resistant to wetting

by pesticide solutions than untreated fabrics because resin treated fabrics tended not to wick faster

than untreated fabrics. Moisture transported along and between fibers and yams rather than by

absorbency into the intemal fibers.

2.1.3 Nonwoven Materials

About 43 percent of the nonwoven process patents issued in 1996 involved combinations

of two or more nonwoven technologies in achieving a new and novel process (Smith, 1997). This

shows the increasing importance and power of combinations of technologies in achieving

irmovations in nonwoven processing.

Nonwoven Combination Process (Smith, 1997):

Nonwoven plus films (apertured, microporous, multi-layered, etc.)

Perforated film plus fiber

SMS, SAMAS, SMMS, SMA, S/Film

Spunbonded plus fiber plus spunlaced

S/Pulp/S with wateijet entanglement and thermal bonding (bicomponent spunbond)

SMS oxidative degraded surface filaments

Equipment development and integration

"Sontara" spunlaced, "Tyvek" flash spun polyethylene, and "Typar" spunbonded polypropylene

nonwovens are produced by DuPont, and "Kimguard" SMS, used in healthcare products, are

manufactured by Kimberly-Clark.

2.1.3.1 SMS

Spunbonded, melt blown and SMS nonwovens have an important role in medical apparel

and Surgical pack items, such as drapes, gowns, mask media, mask facings and head and shoe

coverings ($1 billion business) as disposable end use (Wuagneux, 1997). Wuagneux (1997) said



that spunbonded and SMS material also play a significant role in protective apparel end uses a

market that is valued at approximately $90 million in North America. Spun bonds, made of

continuous filaments, are considered a unique class of materials within the general category of

nonwovens. Four basic polymer types are used to manufacture spunbonded nonwovens:

polypropylene, polyethylene, polyester and nylon. Spunbonds are distinguished from other

nonwovens in their one-step manufacturing process. Most SMS nonwoven fabrics are made of

polypropylene. Characterized by a larger surface area and small pore size, melt blown nonwovens

differ from traditional spunbonds in their lower fiber denier or fineness as well as their use of

discontinuous filaments. Meltblown fabrics, like most spunbonds, are manufactured directly from

thermoplastic resins, with most commercial meltblown production using high melt polypropylene.

Nonwoven fabrics made of polypropylene have the following characteristics (Salamie, 1987):

High abrasion resistance

Low specific gravity-high covering power

Can be thermal bonded and thermoformed

Processable on most conventional equipment

High wickability

Can be made into microdenier structure

Can be made into smooth, soft structures

Overall favorable price/performance properties

It is also cost effective that SMS composite fabrics are used in broad applications.

2.1.3.2 Tyvek®

Tyvek® consists of fine continuous interconnected polyethylene filament arranged in a thin

web that can be thermally bonded to film, fabric, and paper. Because of its unmatched protective

barrier property, Tyvek® is most advantageous for industrial protective apparel. There are many

types of Tyvek® material: uncoated Tyvek® (I422A), polyethylene coated Tyvek®, Saranex®

film laminated Tyvek® and so on. Saranex® coated Tyvek® provided a significantly higher

resistance against Arochlor®1254 than polyethylene coated Tyvek®. In Schwope's research

(1984), Saranex® laminated Tyvek® provided a better protection for cresol and o-toliduine than

polyethylene coated Tyvek® with breakthrough times of 40 to 60 minutes for cresols and less than

five minutes for o-toliduine. The breakthrough time was less than five minutes for toluene in both

composites. On the other hand, Tyvek® showed the greater heat sensation and discomfort
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compared to Gore-Tex® and cotton chambray (Orlando et al, 1981), yet the cost may be too great

for disposable apparel.

2.1.3.3 Laminated or Coated Nonwovens

There are two film reinforcement categories of protective properties of films, monolithic

and microporous (Brown, 1995). Porous film reinforcements allow the bulk flow of air through

the pores, relying on filtration mechanisms against air-borne biohazards, and resist the penetration

of challenging liquids. Monolithic (nonporous) film reinforcements do not allow the bulk flow of

challenging air or challenging liquids. Monolithic (nonporous) film onto spunbond nonwoven has

good barrier efficiency and is economical. This type of monolithic nonwoven fabric has

ventilation problems. If the wearer is very active or naturally perspires heavily, condensation may

be formed in the inner garment, which can cause discomfort, or more seriously, soak through to the

insulation layers. Ventilation holes or flaps can provide some relief in highly susceptible areas

such as the underarm and back, but they cannot cope with insensible perspiration produced over

the rest of the body. New fabrics have appeared over the last 10 years, which satisfy in

considerable measure the apparently conflicting requirements of a high degree of waterproofhess

and breathability. One successful example is the Gore-Tex® laminate which transmits

perspiration through a PTFE film which is laminated between outer and inner materials, using a

discontinuously applied adhesive (Lomax, 1984). Porous film reinforcements affect various

characteristics of the challenging liquid. In Shaw's research (1992), fabrics laminated to PTFE

membrane and treated with a water-repellent finish, showed considerable variation in the sorption

of pesticide (diazinon) by fabric samples taken from different locations in the warp and filling

directions. His another research (Shaw and Kenneth, 1991) showed a variation in the sorption

rate of pesticide within the same treatment when chlorpyrifos was applied to the commercial fabric

(polyester, laminated to PTFE membrane and treated with a water-repellent finish). This variation

could be due to the inconsistency in the water-repellent finish on the fabric or to other processing

problems. Back scattered electron imaging (BEI) showed that malathion, an organophosphate,

was retained by all three layers (woven and two microporous membrane layers) of a three layer

GoreTex® fabric. The pesticide also penetrated through the membrane to the back fabric (Shaw,

1993). The penetration of diazinon to the back of the fabrics, GoreTex® fabric with finer yams

(polyolefin) showed less penetration than polyester and acrylic, which had coarser ply yams.

When using a sweating hot plate, GoreTex® fabric showed the higher evaporation rate but still not
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all the water escapes the plate and fabric immediately. After the water feed is stopped,

evaporation continued briefly while the plate dries and the heat loss stays for about 200 seconds

(Famworth, 1986).

2.1.4 Protective Clothing Design

According to Easter (1994) a garment designed for occupational safety will be designed in

three aspects; (1) function, (2) structure and (3) aesthetics. In the functional design process, a

designer determines requirements for what the garment must or must not do functionally. The

structural design of the garment determines how it is constructed or how it is put together to fulfill

its function. It determines the structural lines, shapes, and parts, in addition to how they will

relate to each other, how the garment will fit, and where and how it will open and close. Aesthetic

design is for appearance only but it is important factor, especially with agricultural apparel. For

example, if the protective garment designed to meet the needs of the farmer provides protection

from toxic chemicals but is not aesthetically acceptable to the farmer, the garment will not be used

except in extenuating circumstances (e.g. required by law for commercial application) (Easter,

1994). The steps in the functional design process is developed by Jones (1970):

Step 1. Request for Design.

Step 2. Exploring the Design Situation (state general objective, brainstorming, user

Interview, observation literature).

Step 3. Analyzing the Critical Design Factors (observation analysis, market analysis,

literature search, identification of critical factors).

Step 4. Describing the Specification (activity assessment, movement assessment, impact

assessment, thermal assessment, social-psychological assessment).

Step 5. Establishing Design Criteria (charting, ranking, prioritizing).

Step 6. Developing the Prototype (material testing, technique evaluation, creative

integration, solution weighted against criteria).

Step 7. Evaluation the Prototype (specification testing, user satisfaction).

Environmental and human factors are included in the critical design factors, and both factors are

important for agricultural field application. Environmental factors are weather, temperature,

relative humidity, and wind speed. Human factors are values, attitudes, customs, preferences,

beliefs and opinions (Easter, 1994).
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2.2 AGRICULTURAL CHEMICALS

Crop protection chemicals (pesticides) are biologically active compounds intended to kill

pest populations by their toxic reactions. In 1987, the US Environmental Protection Agency

(EPA) estimated that 814 million pounds of pesticides were in use for agriculture; 62 % herbicides,

22 % insecticides, 9 % fungicides and 1 % etc. Despite the concerns of Rachel Carsen (1962),

pesticides acted to create high yields without sacrificing the environment to feed increasing global

population. The rate of increase in the Third World's food production in recent years has been

more than double its population growth rate. Per capita food supplies, as well as production, have

continued to gain. Expense of total pesticides (excluding fertilizer and lime) has increased steadily

from 3.5 to 7.7 billion dollars (USDA data from Farm Income and Expenses: 1980 to 1995). The

Food Quality Protection Act (FQPA) of 1996 includes general standards for tolerances, special

provisions for infants and children, and consideration of pesticide benefits. Tolerance is "safe" as

defined when " a reasonable certainty that no harm will result from aggregate exposure", including

all exposure through diet and other non-occupational exposure, including drinking water, for which

there is reliable information. It also distinguishes between "threshold" (non-cancer causing) and

"non-threshold" (cancer causing) effects consistent with EPA practice.

2.2.1 Pesticide Class and Formulations

Pesticides are classified into sixteen different categories: acaricide, bactericide, earthworm

killer, fungicide, plant growth regulator, herbicide, insecticide, algicide, molluscicide, nematicide,

rodenticide, synergist and other additives, attractant, virucide, wound protectant and repellent

(Kidd and Hartley, 1988). There are thirteen common formulations: sprays, dusts, aerosols,

granulars, fumigants, impregnates, fertilizer combinations, emulsifiable concentrates, baits, slow-

release, repellents, attractants, and systemics (Kidd and Hartley, 1988). Commercial pesticides

are generally complex mixtures of the pesticidal active ingredient and the inert components such as

carriers. For liquid emulsion concentrates, surface agents, antifoam, emulsifier and other

adjuvants are often added. The diluted liquid emulsifiable concentrate is the most common form

of the pesticides used by farmers and for aerial spraying. Sprayable formulations are emulsifiable

concentrates (EC), aqueous suspensions (AS), or flowables (F), wettable powders (WP), water

dispersible granules (WOO), or dry flowables (DF), and solutions (S) (Hudson and Tarwater,

1988). Liquid formulations have been desirable because they disperse well in water and can be
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handled easily (pumping, measuring, etc.). Nonsprayable formulations include granules, dusts,

briquettes, pellets etc., which are applied directly without dilution in water. Guidelines to select

protective clothing material challenged by approximately 450 potentially hazardous chemicals of

interest are now available (Forsberg et al., 1989 and 1995, Johnson, 1989, and Schwope, 1989).

Many of these have been categorized with respect to their relative resistance by pure compounds.

However, in many actual response situations, variety of chemical mixtures (e.g., pesticides) may be

encountered. The effects of one or more components of these mixtures on the protective clothing

or glove materials have not been well studied. Recent research of Ehntholt et al. shows that xylene

aromatic solvents were most dramatic in decreasing the breakthrough times of both carrier solvent

and active ingredient, and increasing the cumulative amount of permeants measured by ASTM

F739-85. Chemical mixtures show earlier breakthrough times and higher permeation rates than

the pure components when used to challenge some protective glove materials (Que Hee, 1989).

2.2.2 Atrazine

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-l,3,5-triazine) is a widely used

selective herbicide for the control of broadleaf and grassy weeds in many crops including com,

sorghum, sugarcane, maize, and pineapple. According to the 1996 Agricultural Chemical Use

Estimates for Restricted Use Pesticides by United States Department of Agriculture, the herbicide

atrazine was the most widely used pesticide on any crop. Seventy one percent of the com acres

were treated with atrazine (Table 2.2). Introduced to the marketplace in 1969, approximately 75

million pounds are applied each year through the U.S. com-belt for control of a variety of annual

broadleaf and grass weeds (U.S. EPA, 1994). Due to its persistence and its application for more

than three decades, atrazine and its metabolites have been detected in rain, ground, and surface

water. The accumulation of atrazine residues in soil may lead to the contamination of ground

water (Hofmaim et al., 1995). Because of its widespread application, its solubility in water, and

its persistence in the environment, atrazine has become a common pollutant in the United States

(Agricultural Chemicals in Ground Water, Proposed Pesticide Strategy, EPA, 1987) and Europe

(Fielding et al., 1989). Properties of atrazine are shown in Chapter 111. Acute oral LD50 for rats

is about 1750 mg per kilogram. Atrazine is degraded slowly in the soil as indicated by a half life

of ca. 60 day.
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Table 2.2 Atrazine Usage for Field Crops in 1996

Crop Total Area Applied Area Rate per Application Total Applied

(million acres) (%) (lb/acre) (1,000 lbs)

Com 70.3 71

Winter wheat 28.5 1

Com, Sweet, 0.15 53

Fresh

Com, Sweet, 0.42 58

Proc.

Total price = 53917.5 (1,000 lbs) x 3.6 ($/lb) =19.4 (million $)

0.99

0.68

1.08

0.78

53466

157

88.4

206.1

* Agricultural Chemical Usage, 1996 Restricted use Pesticides Summary, December 1997

* Agricultural Chemicals: Prices Paid, With Comparisons, United States, April 1992-1995
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2.2.3 Chlorpvrifos

Chlorpyrifos [o,o-diethyl o-(3,5,6-trichloro-2-pyridyl) phosphothioate] is a broad-spectrum

organophosphorous insecticide used to control soil insects and some foliar insect pests on a wide

range of crops including strawberries, vegetables, sugar beets, cotton, citrus, coffee, maize, rice,

potatoes, asparagus, greenhouse and outdoor ornamentals, mushrooms turf, as well as in forestry.

It is used to control insect pests in stored products, household insect pests (including ants and

larvae), and it is used as an animal ectoparasiticide. Total chlorpyrifos usage during the 1996 for

agricultural crops applied 28.5 million acres was about 65,000 pounds (Table 2.3). An estimated

7 to 11 million pounds of chlorpyrifos are produced each year in the United States for domestic

use. Extensive and unusual birth defects, including central nerve system, eye lip, heart in four

children who were exposed in utero to chlorpyrifos (Dursban®), were reported (Janette, 1996).

Similarities in defects were reported EPA documents in test animals and children exposed to

Dursban®. Spray workers exposed to 0.5 % chlorpyrifos emulsion in field trials for malaria

control showed decreased plasma and erythrocyte ChE (Cholinesterase) activity levels (Eliason at

al., 1969). In this study, five of seven sprayers showed more than a 50% reduction in ChE within

2 weeks after spraying began. Data from five office workers exposed to chlorpyrifos in the air

(levels not reported) for 5 to 21 hours over a 3-day period showed erythrocyte ChE levels were

significantly (p<0.01) reduced after one month exposure (Hodgeson et al., 1986). Long-term

exposure of chlorpyrifos showed that plasma ChE was significantly (p<0.001) inhibited in a group

of 17 workers exposed occupationally to a Time-Weighted Average (TWA) of 7.54 mg

chlorpyrifos/m^ for 8 hours/days/week, for 2 years, when compared to age- and sex-matched

controls (Hayes et al., 1980). Most workers experienced headache and complained of aggravated

nasal or respiratory problems. General physical examinations were normal, however, as were

erythrocyte ChE activity levels. Properties of chlorpyrifos are shown in Chapter III. Acute oral

LDso for rats is about 100 to 350; dermal LD50 for rabbits is 1000 to 2000 mg per kilogram.

Since half-life of chlorpyrifos is ca. 60-120 days to 3,5,6-trichlori-pyridin-2-ol, it is degraded

slowly in the soil. The mode of action of chlorpyrifos is to inhibit acetylcholine esterase which

regenerates the neurotransmitter (acetylcholine). It is difficult to remove from contaminated work

clothing (Laughlin et al., 1988). Some previous research shows chlorine bleach soaking pre-

treatment effectively removes chlorpyrifos from cotton (Perkins et al., 1992). Less than 0.1 %

chlorpyrifos residue remained on both cotton and polyester/cotton when a bleach soak pre-

treatment was used with dilute chlorpjoifos (1.0 % A.I.). However, when a single wash without
15



Table 2.3 Chlorpyrifos (Insecticide) Usage for Field Crops in 1996

Crop Total Area Applied Area Rate per Application Total Applied

(million acres) (%) (lb/acre) (1,000 lbs)

Winter wheat 28.5 1 0.43 65

Total price = 65 (1,000 lbs) x 12.325 ($/lb) =0.8 (million $)

* Agricultural Chemical Usage, 1996 Restricted use Pesticides Summary, December 1997

* Agricultural Chemicals; Prices Paid, With Comparisons, United States, April 1992-1995
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the bleach presoak was used, approximately 40 % of chlorpyrifos residue remained on the cotton

fabric, and 28 % on the polyester/cotton blend. When pesticide concentrate contaminated the

fabrics, approximately 38 % residue remained even through the bleach/soak pre-treatment was

used. Perkins et al. suggested that if work clothing is contaminated with concentrated

chloypyrifos, it should be discarded properly rather than being laundered.

2.3 LABORATORY TEST METHODS

There are three methods of fabric contamination by pesticides; drop methods, field studies

and laboratory spray systems. Drop methods apply a known amount of pesticide to the sample

fabric using a pipette, which is most useful to simulate the spill or mixing situations of pesticide

contamination. In a field study, gauze pads are applied as a collecting material attached under a

garment during actual field applications and analyzed later. The problem with the field study is

that it can not produce reproducible results due to the complicated natural conditions, such as wind

speed, temperature, drop size and the direction of the wind. Laboratory spray systems allow

controlling droplet size as well as the amount of pesticide delivered to the fabric.

2.3.1 Drop Absorbencv

Drop absorbency is performed according to the AATCC test method 79-1983. A drop of

distilled water or pesticide solution is delivered from a burette on the taut surface of the fabric

mounted in an embroidery hoop. The time for the specula reflection of light to disappear from the

surface of the flattened drop was recorded in seconds. The drop absorbency test considers the

wetting characteristics of fabric. This method provides for application of a controlled amount of

pesticide in a reproducible maimer. The droplet method is most closely to simulate the situation

that occurs during mixing, clean up, and spill situations of pesticide.

2.3.2 Wicking

Wicking levels are determined in both warp and filling directions in fabrics by allowing a

2.5 X 15 cm specimen to hang vertically above a distilled water or pesticide solution reservoir. The

weighed specimen was immersed 1 cm into the liquid, which was taken as the starting line. The

wicking height after 1 min, 5 min and 10 min was recorded in centimeters. Wicking is the

spontaneous flow of a liquid by capillary forces.
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2.3.3 SoravTest

Agricultural protective clothing must provide a barrier against dust, pesticide particulate,

and liquid penetration of pesticides during spraying, which is the most common agricultural field

activity. There are three methods of fabric contamination by pesticides; drop methods, field

studies, and laboratory spray systems. Drop methods apply a known amount of pesticide to the

sample fabric using a pipette, which is most useful to simulate the spill or mixing situations of

pesticide contamination. In a field study, gauze pads are applied as a collecting material attached

under a garment during actual field applications and analyzed later. The problem with the field

study is that it can not produce reproducible results due to the complicated natural conditions, such

as wind speed, temperature, drop size, and the direction of the wind. A common method of

exposing fabric to pesticide solution is a laboratory spray method. Orlando (1981) used a spray

system and multi-layer fabric samples. The layers were then quantified to measure the amount of

pesticide at each layer, thus penetration can be determined. Laboratory spray systems allow

controlling droplet size as in field studies while controlling the amount of pesticide delivered to the

fabric as in the drop methods (Leonas et. al, 1988). The droplets formed from a spray nozzle,

more closely simulates the actual field condition of a pesticide spray impinging on the test fabric.

The spray chamber is made of plexiglas and installed in the laboratory hood, which provides better

operator protection, control the environmental conditions, and easier monitoring of spray motions.

Orlando (1981) recommended using cotton and cotton polyester knit T-shirt fabrics to simulate the

layers an agricultural worker might wear. These fabrics have been found to be as effective as the

cheesecloth for the collective layer.

2.3.4 Weight fPressure) Test

Simple simulated in-use tests on protective clothing products, such as leaning with the

forearm or elbow on a 0.040 N/m (40 dyne/cm) synthetic blood soaked gauze surgical sponge,

have determined the liquid-proof level of protection against microbiological challenge. The

pressure applied to the medical garment was 124 KPa (18 psi) based on an orthopedic bone drill

pressed into the upper abdomen of a surgeon (Beck, 1981). Investigations by Brown about

applied pressures involving pressing and leaning activities with the forearm and elbow, the range

was from less than 6.9 KPa (1.0 psi) to more than 345 KPa (50 psi). The NFPA (National Fire

Protection Association) 1992 Standard involved one hour time of the test with a one minute 13.8

KPa (2.0 psi) pressure pulse (NFPA 1992, Liquid Splash-Protective Suits for Hazardous Chemical
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Emergencies). Time periods greater than one hour did not increase bacterial penetration through

barrier materials when very low pressure is applied. Lower surface tension liquids will penetrate

barrier materials more easily than higher surface tension liquids. Even through the purpose of

weight application is to measure the barrier efficiency against the microorganisms, it still provides

a good test method against the liquid-proof simulated elbow or forearm pressures. In this study, a

2 psi weight is used for one minute as an in-use test to simulate an elbow or a forearm pressure

after spraying test. This allows the protective clothing to estimate how elbow or forearm

pressures affect the pesticide penetration when using actual field spray application.

2.4 THEORETICAL FACTORS THAT AFFECT HAZARDOUS CHEMICAL

The barrier property of a fabric refers to the fabric's ability to prevent (or inhibit) the

movement of a chemical through the fabric (Billing et al., 1988). Two basic concepts are used to

describe this movement, penetration, and permeation. These terms have been defined by ASTM

Sub committee F23.30 on Chemical Resistance, Subcommittee of ASTM Committee F-23 on

Protective Clothing (Henry III, 1989).

2.4.1 Penetration

The ASTM F-23 Committee has defined penetration as the "flow of chemicals through

closures, porous materials, seams, and pinholes, or other imperfections in a protective clothing

material on a nonmolecular basis." According to the Washbum equation (MaBain, 1950), the rate

of liquid entry into a capillary related the rate of liquid penetration. Factors affecting liquid

penetration were viscosity and surface tension of the liquid, as well as the pore radius, depth of the

barrier, and the contact angle made by the liquid with the surface.

Washburn equation

rv cos9

V=

41ti

Where V = rate of entry of a liquid into a capillary

r = radius of the pore in the barrier

v = surface tension of the liquid
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0 = contact angle on the surface of the barrier

1 = the length or depth of the pore

r] = viscosity or resistance to flow of the liquid

Therefore, the barrier resistance to penetration increases when

•  The liquid has a high surface tension

•  The liquid viscosity is high

•  The liquid makes a high contact angle with the surface

•  The material is thick and has a small pore radius

•  The pressure on the liquid decreases

The time at a given pressure is short, and vise versa.

With a liquid at a given surface tension, rougher surfaces are more easily wet when the resultant

contact angle between liquid and solid is low.

2.4.2 Permeation

Permeation is the "process by which a chemical moves through clothing on a molecular

level." Porosity refers to the degree of permeability of a material in terms of pore radius and

depth. If all other things are equal, the larger the pore radius, the more rapidly liquid will

penetrate it. Since pores in a given fabric are not the same size, pore size distribution is more

related to the repellency than either maximum pore radius or the number of pores, unless the range

of size distribution is quite narrow. While air permeability is only one factor that can influence

the wearer's comfort, a larger number of very small pores can "breath" and will often make

materials more comfortable to wear. The mechanism of permeation involves three steps: (1) the

absorption of individual molecules of the chemical into the exposed surface of the material, (2) the

molecular diffusion through the material matrix along a concentration gradient, and (3) the

desorption of the chemical fi-om the inside surface (Billing et al., 1988). Permeation testing is

usually employed on textiles that are intended to protect against the diffusion of hazardous gases

and vapors. The basic equation for diffusion can be drived from Pick's law, stated follows

(Brown, 1995):
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m  Ac

A  R

where m = mass flow

A =area

Ac = concentration difference

R = resistance to diffusion

If penetration can occur through the interstices between the yams/fibers in a textile or through the

pores in a porous film reinforcement, then permeation can also occur. However, the rate of

transfer will most likely be more dependent on bulk flow rather than diffusion (Brown, 1995).

Microorganisms are thought to penetrate and not permeate through materials due to their large size

of in comparison to gas and vapor molecules (Brown, 1995). Even the smallest viruses are two

orders of magnitude larger in diameter (0.025 pm) than the molecular diameters of carbon dioxide

and water vapor (0.0004 pm). This size difference is the one of the reasons why monolithic

(nonporous) film can act effectively as microbial barriers. This is also one of the reasons to create

"breathable" monolithic film reinforcements, as the small size of water vapor allows it to diffuse

through on a molecular level, while microbes are excluded due to their larger size (Brown, 1995).

Most micropores are ranging in size from 0.01 to 10 micrometer.

2.4.3 Comfort

Comfort can be defined as the state that exists when the body's energy production and its

exchange with its environment are in balance (Tanner, 1979) From a physiological point of view,

this balance should maintain the skin at a temperature of 93° + 3° F and a relative humidity at the

skin surface of less than 100%, i.e. no liquid water on the skin surface. Breathability is the ability

of clothing to allow the transmission of moisture vapor by diffusion and therefore facilitate

evaporative cooling. Woodcock expressed the concept of comfort as the balance of energy

exchange by following equation (Tanner, 1979):

Ts-Ta Ps-Pa

H = +

I  E
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Where H = Total rate of heat transfer per unit area

Ts = Skin temperature

Ta = Ambient temperature

I = Insulation of clothing plus ambient air

Ps = Water vapor pressure of ambient air

Pa = Water vapor pressure of ambient air

E = Resistance to moisture vapor transmission of clothing and overlying air layer

In this formula, H, Ts and Ps are controlled by the individual subject (or physiological

parameters), Ta and Pa are controlled by the environment, and I and E are controlled by the

clothing and overlying air layer (Tanner, 1979). The comfort is measured by Moisture Vapor

Transmission Rate (ASTM E96). The level of moisture vapor transmission required for the

comfort of a resulting subject is 350 to 600 grams of moisture vapor /M^/24 hr (Gohlke and

Tanner, 1976). Under conditions of exertion and high environmental temperature, this

requirement can exceed 2500 gm/MV24 hr, and there are conditions where comfort simply cannot

be achieved (Gohlke and Tanner, 1976). A realistic minimum goal for moisture vapor

permeability is 2500 gm/MV24 hr. This value should provide comfort under most conditions in

which outerwear will be worn.

2.4.4 Wetting andWicking

Wettability is defined as the initial behavior of the fabric, yam, or fiber when brought into

contact with liquid, and wickability is defined as the ability to sustain capillary flow. Wetting is the

displacement of a fiber-air interface with a fiber-liquid interface. Drop absorbency measures the

ability of a fabric to transport water from the surface into the interior of the fabric. It is greatly

related to contact angle and affinity of solid and liquid properties. Hydrophobic or hydrophilic

chemical nature of fiber is related to the liquid, and the morphology of their stmctural or physical

characteristics. According to the Lisa (1987), the contact angle nature is determined by the

independent interfaced tensions between air, liquid, and solid. The surface free energy of the fiber

is " a measure of the ability of a fiber to adhere to itself " (Branson, 1980). Wicking is the

spontaneous flow of a liquid in a porous substrate, driven by capillary forces, which affected by

gravitational forces because it is related to horizontal liquid transport. The capillary reaction of

liquid onto inter-fiber and yam is an important factor. A smaller capillary radius may promote

movements of liquid than larger capillary radius because larger capillary increases the liquid
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holding capacity rather than transporting. Hydrophilic fibers such as cotton exhibit good wicking

because as the fiber absorbs liquid in its interior, causing swelling of fiber, the inter fiber and inter

yam capillaries decrease in diameter, hence an increase in the capillary action. On the other hand,

closely packed fiber stmcture such as woven would decrease inter-fiber and inter-yam. The

combined action of fiber swelling and closely woven constmctions would increase the wicking

characteristics of fabric. This explains the higher wickability of cotton broadcloth compared to

twill or poplin (Raheel, 1985). Therefore, fiber or yam stmcture and fabric constmction is

important as well as liquid viscosity and surface tension. Based on the extent of interactions with

fibers, wicking processes can be divided into four categories according to Kissa (1996).

• Wicking of a liquid—no significant diffusing into the fiber surface, e.g., a hydrocarbon oil

wicking in a polyester fabric at ambient temperature. Capillary penetration is the only

process operating.

• Wicking accompanied by diffusion of the liquid into fibers or into a finish on the fiber—

e.g., water wicking in a cotton fabric and diffusion into fibers, water wicking in a cotton

fabric and diffusing into fibers, water wicking in a soil-release treated polyester fabric and

diffusion into the finish. Two simultaneous processes are operating-capillary penetration

and diffusion of the liquid into the fibers.

• Wicking accompanied by adsorption on fibers-e.g., an aqueous surfactant solution

wicking in a polyester fabric. Several processes are operating simultaneously—capillary

penetration of the liquid, and adsorption of the surfactant of fibers.

• Wicking involving adsorption and diffusion into fibers—e.g., an aqueous surfactant

solution wicking in a cotton fabric. Several processed are operating simultaneously—

capillary penetration, diffusion of the liquid into the fibers, diffusion of the surfactant in

the liquid, and adsorption of the surfactant on fibers.
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CHAPTER III

METHODOLOGY

The experimental design of the research project is reported. The fabrics, including

nonwoven, woven and knit materials, are described. The pesticides used in conducting

experimental design are described. The physical tests are reported. The equipment used in this

study to contaminate the fabrics is described and evaluated. This chapter includes a description of

sample preparation, sample contamination, the application of an externally applied weight to the

pesticide contamination, extraction and analyses. Weight (2 psi, 1 min) was applied to the

chemically contaminated sample. Two different analytical methods, gas chromatography (GC) and

high performance liquid chromatography (HPLC), were used to analyze pesticide extraction. The

methods of image analysis of fiber and web characteristics are reported, and finally, the statistical

analysis is included in this chapter.

3.1 FABRICS

To determine the barrier efficiency against liquid pesticides, six different types of fabric

were used in this study: four types of nonwoven material, 100 percent T-shirt cotton knit, and

cotton denim twill weave. Fabrics were chosen to compare the variables of fabric characteristics:

fiber content (cotton or polyolefin), constructions (nonwovens, woven, knit) and combination

methods (spunbond-meltblown-spunbond, microporous film laminated spunbond, nonporous film

spunbond, flash spun polyethylene) of nonwoven materials. Cotton knit and denim were supplied

from TESTFABRICS. Four types of nonwoven materials, commercially used as protective

clothing, were supplied from Kappler® Protective Apparel & Fabrics. Tyvek®1422 is one of Du

Pont®'s products. The descriptions and the characteristics of the fabrics are shown in Table 3.1

and 3.2. The characteristics of the fabrics were determined using Standard Test Methods.

Thickness (D1774-64), Mass Per Unit Area of Woven Fabrics (D3772-85), Air Permeability

(D737-75), Yam Count (D3775-85) was determined using ASTM, and Hydrostatic Water

Resistance (127-1985) was determined using AATCC test method.
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3.1.1Nonwoven Materials

3.1.1.1 SMS (spunbond-meltblown-spunbond) Nonwoven

Polypropylene spunbond-meltblown-spunbond nonwoven layers were thermally point-
bonded. The meltblown layer provided a soft, flexible characteristic. While the spunbond
provided strength. Point bonding imparted strength and integrity while minimizing stiffness. It
was treated with an anti-static finish. The basis weight of the fabric was 61.0 gram per square

meter and the thickness was 0.4465 millimeter. Air permeability of the fabric was 21.5
mVmin/m^ and hydrostatic water resistance was 54.4 cm for front side, 50.7 cm for back side of
the fabric, which indicated that SMS fabric had similar characteristics on both sides.
3.1.1.2 Microporous film Spunbond Nonwoven

An antistatic treated microporous (breathable) polyolefin film spunbond provided barrier

protection plus comfort by allowing the evaporation of the water vapor (0.0004 p,m). The basis
weight of the fabric was 57.6 gram per square meter and the thickness was 0.3984 millimeter.
Air permeability and hydrostatic water resistance tests of the fabric were not available. Material
cost was proprietary and not publicly available.

3.1.1.3 Nonporous Film Spunbond Nonwoven

An unfinished polyolefin nonporous film spunbond nonwoven provided good protection
against particles and liquids. It cost about half price per suit compared to microporous
polyolefin film spunbond. The basis weight of the fabric was 61.0 gram per square meter and the
thickness was 0.3758 millimeter. Air permeability and hydrostatic water resistance tests of the

fabric were not available. Material cost was proprietary and not publicly available.

3.1.1.4 Tyvek®1422

Tyvek®1422 is composed of numerous layers of high-density polyethylene filaments

thermally bonded together. The polymer contained typical polyolefin processing additives, such
as anti-static agent, which was present at a weight concentration of less than 1.0 percent. The
basis weight of the fabric was 40.7 gram per square meter and the thickness was 0.1992
millimeter. Air permeability of the fabric was 41.5 m^/min/m^ and hydrostatic water resistance
was 101.8 cm for front side, 93.5 cm for back of the fabric. It was inexpensive (69 cents per

linear yard) compared to the other nonwovens. It was treated with an anti-static finish.
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3.1.2 Woven Material

3.1.2.1 100 % Cotton Denim

The denim was made of one hundred percent cotton and woven twill, which consisted of

two plies and twisted z direction. Yam count of the fabric per one centimeter was 23 for warp

and 17 for fill. It costs 7 dollars per yard.

3.1.3 Knit Material

3.1.3.1 100 % T-shirt Cotton Knit

The T-shirt cotton was made of 100 % cotton and single loop knit. The number of wales

of the cotton knit fabric per one centimeter was 15 and the number of courses was 20. It cost 5

dollars and 36 cents per yard.

3.2 PESTICIDES

Because pesticides are composed of both active ingredients and inert carrier materials

depending on their formulations, the determination of the penetrability of pesticides is more

complicated. Penetration of liquid pesticides should be considered based on the composition of

active ingredient, the amount of dilution and the composition of the inert materials. Two

pesticides were selected in this study according to their different chemical stmctures,

formulations and their broad applications: atrazine, triazine herbicide and chlorpyrifos,

organophosphorous insecticide. They are the most commonly used commercial herbicide

(atrazine) and residential insecticide (chlorpyrifos).

3.2.1 Atrazine (Herbicide)

Atrazine [2-chloro-4-ethylamino-6-isopropylamino-l,3,5-triazine] is used in the control

of annual broadleaf and grass weeds in com and other crops. According to the recommendation

of agricultural scientists, 2.5 % concentration active ingredient of atrazine (Atrazine 4L,

herbicide), as a general concentration of atrazine in actual field applications, was selected.

Atrazine 4L®, a flowable liquid concentrate formulation with a four pound per gallon

concentration, was purchased from the Co-Op, Knoxville, TN. The chemical properties of

atrazine are shown in Table 3.3. The MSDS for Atrazine 4L® is shown in Appendix A.
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Table 3.3 Chemical and Physical Properties of Atrazine

Subject Description

Chemical Name

Chemical Structure

Chemical Abstracts Registry (CAS) Number

Chemical Formula

Molecular Weight

Physical State (25 °C)

Melting Point

Vapor Pressure (25°C)

Water Solubility (25°C)

Toxicity: Oral LD50 (rat)

Soluble in

Half Life

Soil Koc*

Classification by hazard

2-Chloro-4-ethylamino-6-isopropylamino-

1,3,5-triazine

N  N

II I

(CHp^HN 'NHCjH,

1912-24-9

CsHmCINs

215.7 g/ mole

Solid

173-175°C

3 X 10'^ mm Hg

33 ppm

1750 mg/kg

CH3OH, CHCI3

60 days

100 g/ml

Unlikely to present acute hazard in normal

use

*. The tendency of the pesticide to be strongly attached, by chemical or physical bonds, to surfaces

of soil particles or organic carbon.
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3.2.2 Chlorpvrifos (Insecticide)

Chlorpyrfos [o,o-diethyl 0-(3,5,6-trichloro-2-pyridinyl)phosphorothioate] is a broad-
spectrum organophosphorous insecticide that is used on a wide range of cotton, asparagus,
greenhouse, vegetables, potatoes, beets, and rice as well as household insect pests. According to
the recommendation of agricultural scientists, 1.0 % concentration of active ingredient of
chlorpyrifos (Dursban®, insecticide), was selected because it is the typical concentration of
chlorpyrifos used in actual field applications. Dursban®, an emulsifiable concentrate
formulation with a 0.5 pound per gallon concentration, was purchased locally (Knoxville, TN).

The chemical properties of chlorpyrifos are shown in Table 3.4. The MSDS for Dursban® is
shown in Appendix B.

3.2.3 Preparing Pesticide Solution

In order to obtain the proper dilution of pesticide, the following equation was used. The

equation has 'Q' as the diluent and 'A' as the active ingredient. Four liters of the pesticide
solution were prepared. Distilled water was used to dilute the concentrated pesticides to make
four liters.

Percent Concentration Required

Percent Concentration of Active Ingredient

Atrazine 4L®:
2.5 % Concentration of Atrazine

4000mix = 245.098 ml
40.8 % Active Ingredient

Dursban®:
1.0 % Concentration of Chlorpyrifos

4000mix = 604.230ml
6.62 % Active Ingredient

3.3 SAMPLE PREPARATION

The cotton knit and denim fabrics were pre-laundered according to the AATCC

(American Association of Textile Chemists and Colorists) test method 135-1978 to eliminate
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Table 3.4 Chemical and Physical Properties of Chlorpyrifos

Subject Description

Chemical Name

Chemical Structure

Chemical Abstracts Registry (CAS) Number

Chemical Formula

Molecular Weight

Physical State (25 °C)

Melting Point

Vapor Pressure (25°C)

Water Solubility (25°C)

Toxicity: Oral LD50 (rat)

Dermal LD50 (rabbit)

Half Life

Soil Koc*

o,o-diethyl-o-(3,5,6-trichloro-2-pyridinyl)

phosphorothioate

CHjOB^O. «
\l
P—O

/

2921-88-2

C9H„Cl3N03 PS

350.57 g/mole

White, Granular crystals

41 to 43.5° C

1.87 X 10 mm Hg

0.4 ppm

100-350 mg/kg

1000-2000 mg/kg

30-120 days

6070 g/ml

*. The tendency of the pesticide to be strongly attached, by chemical or physical bonds, to surfaces

of soil particles or organic carbon.
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unwanted finishing residue, sizing, auxiliaries and softeners applied during processing. A

Maytag® washer and a Maytag® dryer were used. The temperature of the wash water was 60
°C, the rinse water was 49°C, and Tide®, a commercially available detergent, was used
according to the manufacture's recommendation. The wash was a 12 minute wash cycle, with a
4 minute rinse cycle, and spin dry. The fabrics were removed from the washer and were placed
into the dryer where they were tumbled dry. Fabrics were ironed. The nonwoven fabrics were
used as received.

3.3.1 Multi-laver Test Sample

The multi-layer sample was prepared similarily to those used in studies by Leonas (1985)
and Dimit (1989). The multi-layer samples were consisted of three layers from top to bottom as
follows: barrier protective fabric (top), 100 % cotton knit (middle) and mylar film (bottom). The
edges were taped with masking tape (Figure 1).

3.3.1.1 Protective Apparel Test Material (layer 1)

The barrier protective fabric, top layer, is that fabric being considered for protective
apparel.

3.3.1.2 100 % Cotton Knit (layer 2)

The collector layer, middle layer, is that fabric collecting the chemical penetration. The
collector layer chosen for this study was 100 % cotton knit. The cotton knit was selected
because Orlando (1981) recommended using a material closely simulated undergarments worn by
agricultural workers.

3.3.1.3 Mylar Film (layer 3)

Mylar (polyethylene terephthalate) film, bottom layer, is that material supporting the
multi-layer sample. This layer was used to prevent liquid penetration and other chemical
contamination from the under side of the sample during the application and handling. This layer

was removed and was discarded after use. Each test material was cut in a 15.24 x 15.24

centimeter squared (36 in^) and assembled to make a multi-layer sample. Double-sided tape was
used to attach each layer to make a flat and tight sample without crimps. The edges of the multi
layer sample were sealed with one-inch masking tape to prevent the penetration of pesticides
through the edges of the fabric so that pesticides that penetrated would be detected during
analysis. Each layer was arranged and assembled with the machine direction oriented in the
same direction in an attempt to obtain more consistent results. The multi-layer samples were
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placed in the conditioning room at least 24 hours prior to spraying at 21°C (70 ± 2 °F) with

relative humidity 65 ± 5 %, according to the ASTM Practice for Conditioning Textiles, D1776-

79.

3.4 CONTAMINATION OF THE FABRIC

3.4.1 Laboratory Spray Chamber Desien

The laboratory spray chamber (Figure 2), designed by Leonas et al.(1985), was used to

contaminate the fabrics. The spray chamber consist of

1) Sample Holder

2) Speed control box

3) Spray nozzle

4) Pressure Gauge at spray nozzle

5) Pesticide reservoir (pressurized Canister)

6) Pressure regulator on compressed air tank

8) Pesticide drainage reservoir

The dimension of the spray chamber is 115 cm (length) x 30 cm (width) x 60 cm (height). The

spray chamber is made of Plexiglas and installed in the laboratory hood, which provides operator

protection and easy monitoring of spray motions. The sprayer is vertical and is 90° to the fabric.

There are 4 replicate positions, which allow 4 samples to be tested at the same time.

3.4.2 Evaluation of Spray Chamber

The spray chamber was evaluated to ensure consistent spray application to each test

specimen location. Spray coverage uniformity and consistency in the amount of liquid

delivered, were evaluated for six different types of nozzle. To select the nozzle, that would

deliver the liquid most evenly across the samples, the mass balance was measured by two

methods, a mass balance equation and a petri-dish. To measure the mass balance more

precisely, a pressure of 10 psi was used. One nozzle was selected because the predicted mass

and measured mass were similar. Because the pressure at the nozzle tip was critical, a pressure

gauge (Ashcroft®, Test Gauge, 0.2 subdivision. Accuracy Grade 3A, Graingier, knoxville, TN)

was attached to the end of the nozzle tip. It allowed the operator to detect and to control the

pressure precisely at the moment of the discharge from the end of the nozzle tip. A stainless
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steel pressure canister, served as a pesticide reservoir. Compressed air was the carrier gas used

to deliver the liquid pesticide. Distilled water was used to dilute the pesticides. The pesticide

solutions were mixed thoroughly before spraying. The speed of the nozzle traversing across the

width of the spray chamber was measured for each direction (LR, RL) and dial setting. The

speed from right to left and the speed from left to right was compared. The dial setting of 8 was

selected because it provided stable data; this was considered similar to the wind speed of outside

field applications (Leonas et al., 1988). According to the standard method of laboratory spray

testing for agricultural application, 40 psi was selected (ASTM E 641-85).

3.4.3. Mass Balance of Theoretical Amounts of Pesticides

The mass balance of each pesticide was measured to determine the amount of pesticide

that was applied to the outside barrier fabric. The theoretical mass balance was calculated. The

mass balance was measured using petri dishes. The two test results were campared. A Fan

Spray® 1.5GPM40 nozzle was used in this experiment based on the former test results.

3.4.3.1 Mass Balance Equation

Mass balance was measured by the mass balance equation. Factors such as flow rate,

speed, and width were measured individually and the mass balance was calculated. The average

speed of the mechanical movement from the left to the right was measured using a stopwatch.

Flow rate was measured with a 50-ml graduated cylinder. The pressure from the nozzle tip was

fixed at 40 psi. The angle from the nozzle tip and the width along the sample were measured.

The distance from the end of the nozzle tip to the sample was fixed at 30.48 cm (12 inches).

The theoretical mass balance was calculated by the following equation:

Volume (ml) Flow Rate (ml) 1 (sec) 1
=  X X

Area (cm^) (sec) Speed (cm) Width (cm)

The theoretical amount of pesticide applied to the 25.81 cm^ (4 in^) sample area was calculated.

The theoretical mass balance of atrazine 2.5 % (v/v) solution and chlorpyrifos 1.0 % (v/v)

solution applied on the 25.81 cm^ (4 in^) sample cut area and the theoretical concentration of

atrazine and chlorpyrifos were calculated.
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3.4.3.2 Petri-dish Test

Petri dishes were placed in the center 25.81 cm^ (4 in^) of each fabric sample to measure

the actual mass balance of each pesticide. Atrazine 2.5 % (v/v) and chlorpyrifos 1.0 % (v/v)

concentrated solutions were used. Due to the differences of liquid delivery, each sample was

marked and only the center area was cut. On the each replication position a petri dish was

placed on the same center position and the amounts of pesticide liquid were measured using a
balance. Mass balance of 2.5 % atrazine and 1.0 % chlorpyrifos on the 25.81 cm^ (4 in^) area,
the same as the sample cut area, was measured by using distilled water.

3.4.4 Pesticide Sprav Contamination of the Fabric

For samples of test procedure A, a 25.81 cm^ area (2x2 in^) was marked in the center of
each sample using a permanent marker and for samples of test procedure B, a two-inch diameter
circle was added, where the 2 psi weight was placed. There were four replicate positions in the

spray chamber. Each multi-layer test sample was mounted on a plexiglas board (sample holder)
and the edges of the sample were secured with four clamps before the board was positioned
(Figure 3). The following conditions were selected according to the preliminary tests to
distribute better droplet size and uniformity: 4.809 (cm/sec), 40 psi and only one direction from

left to right motion.

3.5 EXTRACTION OF PESTICIDES

After being sprayed with the pesticide, the center 25.81 cm^ (4 in ) square was cut
immediately from each multi-layer sample with a sharp die and the layers were separated. Top

and bottom were discarded. The cotton collecting material was placed in a 150-ml Erlenmeyer

flask where the pesticide was extracted. The samples were covered with 25 ml methanol.
Samples were shaken by a Wrist Action ©Shaker (Model 75, Burrel Instrument Co., Pittsburgh,

PA) at the two dial setting for 30 minutes. The 25 ml extract was decanted into a glass bottle.
The samples were shaken with another 25 ml methanol for another 30 minutes. The two 25 ml
extracts were combined in the glass bottle and stored in the refrigerator.
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3.5.1 Extraction Efficiency

3.5.1.1 Spike Test

The spike test was important to calculate the percent efficiency of extraction. A known

concentrate solution of pure atrazine compound was prepared in methanol (500 ppm). A repeat

pipette (Ranin®) was used to deliver 1 ml of an atrazine solution onto the 25.81 cm^ (4 in^)

surface area of cotton fabric. After spiking, samples were shaken twice in the methanol (total 50

ml) for 30 minutes each time, and then extraction solutions were analyzed using HPLC and GC.

The theoretical concentration of atrazine was calculated. The percent recovery of atrazine from

the cotton sample was calculated. Blank samples (cotton only) were tested using a GC and a

HPLC to see whether atrazine residue was in the water used for dilutions. The instrument

sensitivity was determined by measuring a series of pesticide dilutions. The sample extracts

were diluted to a 1 to 100 concentration when using a repeat pipette for GC analysis but were not

diluted for HPLC. The sample dilutions were transferred to a 2-ml glass vial for GC analysis.

3.6 EXPERIMENTAL DESIGN

The experimental design was prepared to conduct this research according to different test

methods and different analytical methods. For test methods, without weight test and the weight

(2psi, 1 min) test, and for analytical methods, GC and HPLC were used to analyze the extracts

from the fabric samples. To compare the pesticide penetration (the dependent variable),

extraction efficiency, accuracy, and the effect of dilution were evaluated. To determine the

variation in pesticide penetration, a 6 (fabric) x 2 (pesticide) experimental design was evaluated

using a GC, and a 6 (fabric) x 1 (pesticide) experimental design was evaluated using a HPLC.

Six replications for each fabric in procedure A and two replications for each fabric in procedure

B were evaluated by using a GC. The experimental design for the test methods is presented

first, followed by the experimental design for the analytical methods. The illustration of

instruments used in this study is shown in appendix C.

3.6.1 Test Methods

Two different experimental tests were designed; one was without a weight test and the

other was included a weight (2 psi, 1 min) test. The replications of the study were conducted

separately due to the differences of those variables and different handling of test methods. The
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results of the two replications were analyzed separately and were combined using statistical

analysis methods.

3.6.1.1 Without Weight Test - Test Procedure A

The independent variables examined in this test include fabric type, fabric characteristics

and pesticide characteristics. The dependent variable was pesticide penetration. To determine
the protection against pesticide penetration in terms of the fabric type and the different chemical
class of pesticide, a 6 x 2 experimental design was used.

1) Fabrics

a. SMS (spunbond/meltblown/spunbond)

b. MSB (microporous film laminated spunbond)

c. CSB (coated spunbond)

d. Tyvek® 1422

e. 100% Cotton Knit

f. 100% Cotton Denim

2) Pesticide

a. Atrazine

b. Chlorpyrifos

3) Analysis

a.GC

b. HPLC

To evaluate the effect of the fabric characteristics, eight experimental characteristics were

measured.

1) Weight

2) Thickness

3) Air Permeability

4) Hydrostatic Water Resistance Test

5) Fiber Diameter

6) Pore Diameter

7) Web Uniformity

8) Fiber Construction
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3.6.1.2 Weight (2 psi) Test- Test Procedure B

To determine the degree of protection against pesticide penetration when pressure was

applied, a 6 x 2 experimental design was used. The weight (2 psi, I min) was put on the fabric

after spraying and a 25.81 cm^ (4 in^) square area was cut. This simulated the elbow effect

according to Peter (1992).

1) Fabrics

a. SMS (spunbond/meltblown/spunbond)

b. MSB (microporous film laminated spunbond)

c. CSB (coated spunbond)

d. Tyvek® 1422

e. 100 % Cotton Knit

f. 100 % Cotton Denim

2) Pesticide

a. Atrazine

b. Chlorpyrifos

3) Analysis

a. GC

b. HPLC

The results were measured in micrograms per milliliter and converted to milligrams per

centimeter squared. Percent penetrations were calculated by theoretical mass balance.

3.7 ANALYTICAL METHODS

3.7.1 Gas Chromatogranhv (GC)

The pesticide extracts from the cotton collector fabrics were analyzed using a Hewlett

Packard (HP) 5890A gas chromatography. A nitrogen phosphorous detector (NPD) and splitless

injector were used. The detector temperature was 250 °C. One |il aliquots from each extract

were analyzed by a DB210, 0.53 megabore, one microfilm thick column. The pressure at the

column head was 50 KPa and the oven temperature was 150 °C. Helium was used as a carrier

gas to move the compounds through the column.
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3.7.2 High Performance Liquid Chromatographv (HPLC)

In this analysis, Waters HPLC, Maxima 820 and a multi wavelength detector. Waters

490 E were used. For atrazine, 223 nm uv was chosen and an HP ODS Hypersil, 5|im, 100 x 4.6

mm column was used. Helium gas was used for the purge gas. The injection volume was 15

[iT. The composition of the ternary eluent mixture was water (45 %), acetonitrile (45 %), and

methanol (10 %). Flow rate was 1.5 ml per minute.

3.7.3 Standard Calibration Curve

HPLC calibration curve was measured. Analytical grade pesticides were used.

Atrazine (98 percent pure active ingredient), and simazine, as an internal standard of atrazine (99
percent) were purchased from Chem Service. A stock solution was made from 50 mg of atrazine
in 50 ml of methanol, and then a series of eight concentrations of the analytical standards were

prepared from the stock solution. Three repeats of each of the eight standards were analyzed by
using HPLC. The correlation, the intercept, and the slope of the standard calibration curve were
calculated.

3.8 STATISTICAL ANALYSIS

To determine the effectiveness of a fabric as a barrier to pesticide penetration, the

amount of pesticide collected on the middle cotton knit layer of the multi-layer sample was
considered. The data used in the statistical analysis was based on the micrograms of pesticide

extract per milliliter of methanol, analyzed using a GC and a HPLC. Variables included six
fabrics, two pesticides and with or without pressure (2 psi). Since the different active
ingredients of atrazine and chlorpyrifos were applied, each procedure was analyzed separately by
pesticide.

Hypotheses of statistical analysis are:

1. Different fabrics provide different degrees of protection against pesticide penetration.

2. Different pesticides have different penetration characteristics.

3. The pesticide chemical class is responsible for different behaviors of the penetration of
the pesticide.

4. The application of an externally applied weight (2 psi, 1 min) to the pesticide
contaminate fabric affects the degree of pesticide penetration.
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5. Web uniformity influences pesticide penetration.

First, the general linear model (GLM) was used to determine whether there were significant

differences of penetration for fabric type, instrument type, or weight application type in the

different pesticides. In the case of chlorpyfios, fabric SMS was excluded to adjust the normal

distribution. To evaluate the data between two independent variables, such as instrument type or

weight application, the Mann-Whiteney, and to evaluate more than two independent variables,

such as different types of fabric, the Kruskai-Wallis different non-parametric test methods were

used. Second, to determine whether two groups had different means of a continuous variable

such as:

(a) Atrazine penetration (ppm) without weight/weight using a GC

(b) Chlorpyrifos penetration (ppm) without weight/weight using a GC

(c) Atrazine penetration (ppm) without weight/weight using a HPLC

(d) Atrazine penetration (ppm) without weight GC/HPLC

(e) Atrazine penetration (ppm) weight using GC/HPLC

(f) Atrazine and chlorpyrifos penetrations (%) without weight using a GC

(g) Atrazine and chlorpyrifos penetration (%) with weight using a GC,

t-test was used as assuming that the variables were independent from a normal distribution.

Before the t-test, to determine if two groups were from the same variance of a population group,

the "Levene's test for equality of variances" was used. If the variables in the two groups were

different, the unequal variance t-test was used. To compare the penetration and barrier

efficiency between the atrazine and chlorpyrifos, percent penetration (%) was used. T-tests of

equal variances were reported separately by individual fabric type. Eventhough the t-test was a

more powerful statistical analysis than the non-parametric test, non-parametric tests were

performed for some samples. The non-parametric tests were done on samples that had such a

small sample size that they were not normally distributed because they had unequal variances.

The results from non-parametric tests were compared to those results of the t-tests. To evaluate

the data between two independent variables, the Mann-Whitney test was performed. To verify

the degree of significance, the Monte Carlo p-value, having a 99 % confidence interval, was

reported. Original data was used without any transformation since the value of the power

estimation was close to one (1.15). The statistical analysis was performed using SPSS software

version 7.5. Linear regression analysis was performed in the calibration curves.

And other hypotheses are compared and discussed using by GLM statistical analysis:
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1. As fabric weight increases penetration decreases.

2. As fabric thickness increases penetration decreases.

3. Air permeability increases penetration decreases.

4. Hydrostatic water resistance test can be used to predict the ability of the fabric to prevent

pesticide penetration.

5. Fabric functional finish influences pesticide penetration.

6. Fabric construction influences pesticide penetration.

3.9 IMAGE ANALYSIS

Image analysis was used to determine fiber diameter, pore diameter and fiber web

uniformity of nonwoven fabric layers. A microscope was used to form an image of each web.

The video camera produces a standard RS-170 analog video signal with 550 lines of resolution.

The frame grabber is a plug-in board, which digitizes the video signal with 8-bit gray level

resolution (256 gray levels) and 640 x 480 spatial resolution. The computer was an IBM

compatible personal computer with a Pentium processor and the WebPro ® 2.0 software was

used.

3.9.1 Fiber Diameter

The individual layers of the four different nonwovens: spunbond/meltblown/spunbond

(SMS), microporous film laminated spunbond (MSB), coated spunbond (CSB) and Tyvek® were

carefully separated before image analysis. Only fiber diameters of spunbond could be accurately

measured due to the image analysis equipment being limited to nonwovens with a maximum

basis weight of 33.9 gram per square meter (loz/yd^). Fiber diameters in the SMS and CSB

were determined from 30 fibers; and 50 fibers were measured in the MSB. The mean (X, pm),

coefficient of variation (CV, %), minimum (Min, pm) and maximum (Max, pm) of the fiber

diameters in the spunbond fabrics were calculated by the WebPro® 2.0 software.

3.9.2 Pore Diameter

The pores in a 3.3 mm^ area were imaged by the WebPro® software. Only pore

diameters of spunbond could be accurately measured since the image analysis equipment is

limited to nonwovens with a maximum basis weight of 1 oz/yd^. Pore diameters in the MSB and

44



CSB were determined from 10 fibers. The mean (X, |i.m), coefficient of variation (CV, %),

minimum (Min, |a.m) and maximum (Max, |a.m) of the pore diameters in the spunbond fabrics and

the percent pore coverage of the sample area were calculated by the WebPro® software.

3.9.3 Fiber Web Uniformitv

Fiber web uniformity was determined without separation of the layers of the nonwovens

because a different light source was used to shine the light through the web. The Web in a

825mm^ area was imaged by the WebPro® software. Spunbond/meltblown/spunbond (SMS),

microporous film laminated spunbond (MSB), coated spunbond (CSB) and Tyvek® were

measured without separation. The web was illuminated from the bottom, which scattered the

light. The machine direction (MD) and the cross direction (CD) of the fabric were measured

separately. The minimum number of pixels was 25 and the maximum number of pixels was

5,760,000.
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CHAPTER IV

RESULTS AND DISCUSSION

4.1. EVALUATION OF SPRAY CHAMBER

Six different types of nozzle were evaluated to ensure consistent spray application.

Spray coverage uniformity, consistency in the amount of liquid delivered, and the distribution of

droplets was measured for each of the six different types of nozzle (Table 4.1). To control the

pressure more precisely at the moment of the discharge from the end of the nozzle tip, the spray

test was conducted under low pressure, 10 psi, and then the flow rate was converted to 40 psi.

For each nozzle, the center portion of the spray was more concentrated than the spray was at the

outer edges. For most nozzles, there were big differences between the theoretical flow rate and the

measured flow rate. As a result, a pressure gauge was purchased and attached to the end of the

nozzle tip. Based on the test results, a Fan Spray® 1.5GPM40 nozzle was selected because it had

a uniform droplet and the measured and calculated mass balance were similar. The 0.23GPM72

and 0.33GPM65 nozzles produced big droplets that were discharged irregularly when the nozzle

moved across the width of the spray chamber. The 1.5GPM80 and 2.0GPM80 nozzles discharged

a larger amount of liquid and their angles were about twice as large as those obtained from the

1.5GPM40 nozzle. These two nozzles were rejected for used in this study because their spray

saturated the fabrics resulting in an excess of pesticide that flowed uncontrollably i.e. off and under

the sample. The spray angle from these two nozzles was so large that the spray hit the spray

chamber walls above the sample and then bounced off the wall onto the samples below. This

collision of the spray and the wall was not reproducible and therefore, these nozzles were rejected.

A petri dish was put on the center area of each sample to evaluate the differences in the amount of

liquid spray (Table 4.2). The rate of traverse was measured in both direction and for each dial

setting of the control box. The evaluation of the speed is shown in Table 4.3. The data indicated

that the rate of traverse was not the same for each direction. Therefore, only the spray from the

nozzle as it moved from the left to the right, was chosen. The dial setting eight was selected

because it moved rapidly preventing pesticide liquid from saturating the samples and it was

reproducible. Dial setting eight provided a wind speed similar to outside testing field applications,

46



Ta
bl
e 
4.

1 
Ev
al
ua
ti
on
 o
f 
Si

x 
Di
ff
er
en
t 
Ty

pe
s 
of

 N
oz

zl
e

N
o
z
z
l
e
 N
a
m
e

Th
eo

re
ti

ca
l 
An
gl
e (
 °
 )

Th
eo
re
ti
ca
l

M
e
a
s
u
r
e
d

Sp
ra

y
W
i
d
t
h

T
a
n
 0

A
c
t
u
a
l

V
o
l
u
m
e
/
A
r
e
a

F
l
o
w
 r
at
e

F
l
o
w
 r
at

e
T
y
p
e

(
c
m
)

an
gl

e(
 °
)

(m
l/
cm
^)

(m
l/

se
c)

(m
l/

se
c)

.
2
3
G
P
M
7
2

7
2

1
4
.
5
0
9

5
0
.
8
0
0

F
a
n

5
6

0
.
9
1
6
7

8
5
.
0
2

0
.
1
7
9
6
7

.
3
3
G
P
M
6
5

6
5

2
0
.
8
1
7

3
.
5
0
6

F
l
a
t

3
0

0
.
5
0
0
0

5
3
.
1
4

0
.
0
2
2
7
3

1
.
5
G
P
M
4
0

4
0

9
4
.
6
2
5

1
8
.
9
6
2

F
a
n

2
5

0
.
4
1
6
7

4
5
.
2
4

0
.
1
4
7
5
4

2
.
0
G
P
M
4
0

4
0

1
2
6
.
1
6
6

2
3
.
3
5
8

F
a
n

2
5

0
.
4
1
6
7

4
5
.
2
4

0
.
1
8
1
7
4

I
.
5
G
P
M
4
0

8
0

9
4
.
6
2
5

1
9
.
0
6
6

F
a
n

1
8

0
.
2
9
1
7

3
2
.
5
2

0
.
2
1
1
9
2

2
.
0
G
P
M
8
0

8
0

1
2
6
.
1
6
6

2
6
.
2
4
6

F
a
n

1
7

0
.
2
7
0
8

3
0
.
3
0

0
.
3
1
4
1
7

Ta
n 0
 =
[ (

wi
dt
h,
 cn

i/
2)
/ h

ei
gh

t,
 30

.4
8 c

m]
, 0
 =
 ta

n"
' [

(w
id
th
, c

m/
2)
/h
ei
gh
t,
 30

.4
8 
cm

)]
. A

ct
ua

l a
ng
le
 =
 2
0

Pr
es
su
re
: 
Ac

tu
al

 e
xp
er
im
en
t 
wa

s 
co
nd
uc
te
d 
at

 l
Op

si
 a
nd
 w
as

 c
on

ve
rt

ed
 t
o 
40

 p
si

(F
lo

w 
ra
te
 is

 fu
nc

ti
on

 o
f s

qu
ar

e 
ro

ot
 o
f P

re
ss

ur
e)

 an
d 
me

as
ur

ed
 b
y 
us
in
g 
a 
50
0-
mL
 g
ra
du
at
ed
 cy

li
nd

er
R
a
t
e
 o
f
 tr

av
er

se
: 
5
.
0
6
 c
m
/
s
e
e

(V
ol
um
e,
 Im

/A
re

a,
 cm

^)
 =
 fl

ow
 ra

te
 (m

l/
se

c)
 x 
(s
ec
/s
pe
ed
, c
m)

 x (
1/
 wi

dt
h,

 c
m)



T
a
b
l
e
 4
.
2
 P
e
t
r
i
-
d
i
s
h
 T
e
s
t

4
^

0
0

N
o
z
z
l
e

N
a
m
e

V
o
l
u
m
e
/
A
r
e
a

(m
l/

cm
^)

Vo
lu
me
/A
re
a (

ml
/c

m^
)

us
in

g 
a 

pe
tr
i 
di

sh
 (
5.
08
 c
m

di
am
et
er
)

Di
ff

er
en

ce
s 
of
 V
ol
um
e/
Ar
ea
 (m

l/
cm

^)

be
tw
ee
n 
th
e 
ce

nt
er

 a
nd

 a
ve
ra
ge
 p
ar

ts
 (C

-A
)'

.
2
3
G
P
M
 7
2

0
.
0
8
9
8

0
.
1
2
1
3

0
.
0
3
1
5

.
3
3
G
P
M
 6
5

0
.
0
1
1
4

0
.
0
1
9
9

0
.
0
0
8
5

1
.
5
G
P
M
 4
0

0
.
0
7
3
8

0
.
0
9
3
0

0
.
0
1
9
2

2
.
0
G
P
M
 4
0

0
.
0
9
0
9

0
.
1
0
1
6

0
.
0
1
0
7

1
.
5
G
P
M
 8
0

0
.
1
0
6
0

0
.
0
9
7
7

-
0
.
0
0
8
3

2
.
0
G
P
M
 8
0

0
.
1
0
7
1

0
.
1
5
7
1

0
.
0
5
0
0

a.
 (
C
-
A
)
 m
ea

ns
 (c

en
te

r 
- 
av

er
ag

e)
 v
ol
um
e 
pe
r 
ar
ea

Pr
es

su
re

: 
10

 p
si



Table 4.3 Evaluation of Speed Using a Control Box

Dial

setting

6 7 8 9 10

Right Left Right Left Right Left Right Left Right Left

1 22.32 21.22 19.41 18.53 17.78 17.28 16.88 16.53 16.87 16.34

2 22.09 21.32 19.18 18.53 17.75 17.09 16.91 16.13 16.78 16.03

3 21.94 20.75 19.28 18.72 17.75 16.84 17.07 16.13 17.04 16.59

4 22.31 21.28 19.22 18.56 17.81 17 16.97 16.84 16.91 16.34

5 21.62 20.94 19.16 18.62 17.75 17.13 17 16.78 17.06 16.54

6 22.09 21.22 19.34 18.54 17.9 17.06 17.09 16.78 16.91 16.78

Average 22.062 21.122 19.265 18.583 17.79 17.067 16.987 16.532 16.928 16.437

Std 0.2607 0.2258 0.0971 0.075 0.059 0.1456 0.0841 0.329 0.1057 0.2593

Speed

(cm/sec)

4.0795 4.261 4.6717 4.843 5.059 5.2734 5.2983 5.4441 5.3165 5.4756
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5 .06 m/sec (Leonas et al., 1988). According to the standard test method of laboratory spray test

for agricultural application (ASTM E 641-85), 40 psi was selected for spraying.

4.2 CALIBRATION CURVE (HPLC)

The calibration of the HPLC for atrazine response was determined using a series of

atrazine standard solutions that contained a known quantity of the internal standard, simazine.

Three samples of each of the eight standards of atrazine are analyzed by HPLC (Table 4.4). The

HPLC-UV response for simazine, the internal standard, was constant throughout the study for all

samples i.e., standards as well as unknowns. The HPLC-UV response i.e., area under the curve,

was ratioed to the HPLC-UV response for simazine. This data is reported in a two-dimensional

scatter plot with the ratio of atrazine to simazine response on the x-axis and atrazine concentration

in the y-axis (Figure 4). This was determined to be a response for 10-100 ppm atrazine with a

correlation coefficient (R^) of 0.9761. The intercept was 7.1228 and the slope of the standard

calibration curve was 41.8880 (y = 41.8880 x + 7.1228), where x is the ratio of HPLC-UV

response of atrazine to simazine and y is the atrazine concentration in the unknown samples. The

concentration of atrazine was measured to microgram per milliliter in methanol.

4.3 INSTRUMENT SENSITIVITY

The balance was calibrated every day before testing. Chromatographic grade chemicals

such as methanol, acetonitrile and deionized water were filtered every day before running the

HPLC or GC analysis. The minimum detectability was less than 0.001 ppb and was 7 ppm for

the HPLC.

4.4 MASS BALANCE

The mass balance was measured by the mass balance equation. The average speed of the

mechanical movement from the left to the right was 4.809 (cm/sec). The flow rate was 8.94324

(ml/sec) at 40 psi. The angle from the Fan Spray® 1.5GPM40 nozzle tip was 45.24 ° and the

width along the sample was 25.4 cm (10 in). The height from the end of the nozzle tip to the

sample holder was at 30.48 cm (12 in). The theoretical concentration of atrazine and chlorpyrifos
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Table 4.4 Standard Concentration of Atrazine

Cone, of Atrazine Atrazine Simazine Ratio

(|j,g/ml) (X 10® Peak Response) (x 10® Peak Response) (Atrazine/Simazine)

10 2.85 17.9 0.16

20 5.00 16.4 0.30

30 8.53 15.0 0.57

40 16.6 15.3 1.08

50 12.4 15.5 0.80

60 18.8 16.4 1.15

70 20.4 14.0 1.46

90 25.5 14.0 1.82

100 32.4 13.8 2.35

Average 15.8311 15.3667 1.0767

Standard Deviation 9.6772 1.3647 0.7162
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applied to the center 25.81 cm^ (4 in^) was 1.8422 g for atrazine 2.5 % solution, and 1.7104 g

forchlorpyrifos 1.0 % solution, and 0.0555 g for atrazine, 0.0171 g for chlorpyrifos respectively.

A petri dish was used to measure the actual mass balance of atrazine 2.5 % and chlorpyrifos 1.0%

solutions that were sprayed on the samples in the 25.81 cm^ (4 in^) center area. The theoretical

amount of chlorpyrifos showed similar results in both tests but atrazine did not. The mass balance

applied on the 25.81 cm^ (4 in^) 1.57419 g when using distilled water, 2.233544 g, when using

atrazine and 1.713544 g for chlorpyrifos. Due to the differences between the two test results, the

petri-dish test data was chosen as the mass used to calculate the penetration efficiency of the

pesticides. The amount of atrazine sprayed on the outside barrier fabric in the 25.81 cm^ (4 in^)
were 1345 ppm and 343 ppm for chlorpyrifos.

4.5 SPIKE AND RECOVERY

To verify the extraction method for removing atrazine and chlorpyrifos from the cotton

knit collecting fabric, the samples were spiked with 1 ml of 10 ppm atrazine standard solution and

this was recovered using 50 ml methanol. The efficient of atrazine was 94.65% (Table 4.5)

•  Theoretical concentration of atrazine:

500 pg/ 51 ml methanol (1 ml + 50 ml) = 9.8039 ppm

•  Atrazine concentration of spike test (calculated from the standard curve):

0.1469/0.16 (ratio) x 10 ppm = 9.1813 ppm

•  Percent extraction of atrazine:

9.1813/9.8039 X 100 = 94.65 %

4.6 IMAGE ANALYSIS

Image analysis was used to determine the fabric characteristics of nonwoven materials:

fiber and pore diameters of the spunbond nonwoven layer and web uniformity of nonwoven fabrics.

Even though measurement was limited to only a thin layer, it gave some useful idea about

penetration as related to the nonwoven layer under the coating or lamination material. Especially,

web uniformity correlated with the penetration efficiency.
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4.6 1 Fiber Diameter

Fiber diameters of each spunbond layer of the SMS (SMS-S), MSB, CSB, meltblown

layer of the (SMS-M) and Tyvek® was measured by using optical microscopy. Fiber diameter of

SMS-M varied a lot due to the characteristics of the meltblown process, which is more affected by

the air flow than the spunbond process. The fiber diameter of Tyvek® also varied because the

fiber diameter was stretched when the material was separated into layers. The mean value of fiber

diameter was 19.29 pm for SMS, 22.1 pm for MSB and 19.75 pm for CSB spunbond layers.

Individual fiber diameter of the spunbond layer (SMS-S) in SMS and CSB fabric had a similar

value. While the coefficient of variation of SMS spunbond was smaller than that of CSB, the

SMS spunbond layer had more uniform diameter distribution of fiber and smaller diameter than

CSB. The mean fiber diameter of the MSB spunbond layer was larger than those of the others

and the coefficient of variation was larger than others (8.4 percent). Therefore, the MSB

spunbond layer had more variations in fiber diameter and the average diameter was larger than

others.

4.6.2 Pore Diameter

The pore diameter of the MSB and CSB spunbond layers is shown in Table 4.6 and pore

images are shown in Figure 5. The mean pore size of the MSB spunbond layer was 25.9 pm and

that of the CSB was 28.1pm, which indicated that the MSB had smaller pores than that of the

CSB. There were total of 3,820 pores in the spunbond layer of MSB and 4,578 pores in the

spunbond layer of CSB. Figure 6 shows that the bonding area of MSB was darker than other

parts and had fewer pores in it while CSB showed no bonding area. Figure also shows that fibers

in the MSB spunbond layer were packed closer than those fibers in the CSB spunbond layer. The

percent of pore area in MSB was 9.5 and CSB had 13.4, which also meant that MSB had better

fiber packing.

4 .6 .3 Fiber Web Uniformitv

Web uniformity of SMS, MSB, CSB and Tyvek® are shown in Table 4.6 and the images

of those fabrics are shown in Figure 6. Each fabric had smaller coefficient of variation value for

machine direction than cross direction, which indicated that the fiber of machine direction was

elongated than that of the cross direction.
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Table 4.6. Image Analysis of Fabric

Spunbond

Diameter

(ml

Fabric

Type

SMS-S

SMS-M

MSB-S

CSB-S

Tyvek©

Number

of Fiber

30

30

50

30

25

Mean (pm)

19.29

5.86

22.10

19.75

6.92

CV (%)

4.68

40.9

8.40

6.53

33.9

Min (pm)

17.55

3.2

18.00

16.33

3.04

Max (pm)

20.79

10.19

26.40

21.98

12.51

Spunbond Fabric Mean CV Min Max No. of No. of Pores Cover

Pore Type (pm) (%) (pm) (pm) Pores /Area (mm^) (%)

Diameter MSB-S 25.9 69.1 7.4 197.6 3820 114.9 9.50

(pm) CSB-S 28.1 69.4 7.4 194.3 4578 137.7 13.4

Fabric Type Wt (g/m^) or Direction Min CV (%) Max CV (%)

Web (gray L) (CD or MD)

Uniformity SMS 118 CD 3.3 45

of Fabric MD 2.8 44.7

Total 37 45.7

MSB 91.6 CD 0.8 19.7

, MD 1.7 17.9

Total lA 19.9

CSB 109.8 CD 3.3 8.1

MD 2.9 7.6

Total 37 L6

Twek© 103.7 CD 9.4 34.6

MD 9 34.9

Total 10.3 37.1

S indicates spunbond

M indicates meltblown
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Figure 5 Pore Image of Spunbond Layer
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SMS had coefficient of variations of a ranging from a minimum of 3.7 to a maximum of 45.7 while

for MSB minimum value was 1.8 and maximum value was 19.9. CSB had coefficient of variations

from 3.7 to 8.6 while Tyvek® had values from 10.3 to 37.1. CSB had the smallest range of

coefficient of variation indicating that web uniformity of CSB was better than that of other fabrics.

MSB had a smaller range than SMS and Tyvek®, indicating better web uniformity. Figure 6

shows that gray levels varied in Tyvek® and SMS fabrics. Especially, in case of Tyvek®, a dark

thick stripe on the left side of the figure indicated a big fiber bundle. Tyvek® had a smaller range

of coefficient of variation than SMS indicating that Tyvek® had more uniform web structure than

that of SMS. Measuring the web uniformity using original fabrics prevented any fiber

deformation or distortion from separation of the spunbond layer, and hence allowed fabric

characteristics to be compared. The variation of web uniformity in CSB and MSB was about 10

to 20 percent. The variation of web uniformity in SMS and Tyvek® was about 40 percent. Image

analysis showed that CSB had the most uniform web structure and MSB had the second best

uniform web structure. Next was Tyvek® and SMS was the last. Pore diameter indicated that

the spunbond layer of MSB had less pore area than that of CSB. Despite the larger pore area in

the spunbond layer, CSB had more uniform web than MSB. Image analysis of fiber diameter

showed that the spunbond layers of SMS, MSB and CSB were not significantly different.

However, CSB had smaller and more uniform diameters than MSB, which is related to the better

web uniformity of CSB.

4.7 ANALYSIS OF PESTICIDE PENETRATION

Penetration of atrazine and chlorpyrifos with weight and without weight were analyzed

using a GC and a HPLC. The penetration of atrazine with and without weight (2psi, Imin)

determined using a GC and a HPLC is shown in Table 4.7, and the penetration of chlorpyrifos with

and without weight (2 psi. Imin) determined using GC is shown in Table 4.8. Barrier efficiencies

of pesticides are shown in Table 4.9-4.11. A general linear model (GLM) of chlorpyrifos

penetration (ppm) separated by weight application is shown in Table 4.12 and separated by

grouping variables of fabric type and weight application is shown in Table 4.13. GLM tests were

performed excluding SMS fabric to make the data of chlorpyrifos penetration was normally

distributed. Test statistics of without weighted chlorpyrifos penetrations were 100577.47 for sum
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Table 4.7 Penetration (ppm) of Atrazine Without and With

Weight (2psi) Determined Using GC and HPLC Data

Analytical Pressure Fabric Type Count Mean Std Std Err of

Method Application (ppm) Deviation Mean

GC No Weight SMS 6 92.90 22.02 9.85

MSB 6 15.73 10.82 4.42

CSB 6 21.10 16.32 6.66

Tyvek© 6 30.15 13.17 5.38

Cotton 6 419.87 41.73 17.04

Denim 6 54.93 11.39 4.65

Weight t2psi) SMS 2 67.70 13.29 9.40

MSB 2 10.75 4.17 2.95

CSB 2 14.55 12.37 8.75

Tyvek® 2 16.30 10.47 7.40

Cotton 2 429.95 77.85 55.05

Denim 2 125.30 9.48 6.70

HPLC No Weight SMS 9 93.60 14.25 4.75

MSB 9 25.88 8.43 2.81

CSB 9 35.89 14.98 4.99

Tyvek® 9 35.23 12.77 4.26

Cotton 9 477.50 2.94 0.98

Denim 9 53.01 3.55 1.18

Weight QpsO SMS 3 74.28 1.28 0.74

MSB 3 14.38 0.48 0.28

CSB 3 12.43 0.24 0.14

Tyvek® 3 17.18 0.42 0.24

Cotton 3 312.49 10.66 7.54

Denim 3 135.02 14.27 8.24
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Table 4.8 Penetration (ppm) of Chlorpyrifos Without and With

Weight (2psi) Determined Using GC Data

Analytical Pressure Fabric Type Count Mean Std Std Err of

Method Application (ppm) Deviation Mean

GC No Weisht SMS 6 154.17 65.93 26.92

MSB 6 8.00 3.58 1.46

CSB 6 7.67 3.27 1.33

Tyvek© 6 19.33 9.81 4.01

Cotton 6 153.50 16.28 6.65

Denim 6 91.67 12.88 5.26

Weisht t2Dsi) SMS 2 130.00

MSB 2 6.50 3.54 2.50

CSB 2 3.00 1.41 1.00

Tyvek© 2 71.00 12.73 9.00

Cotton 2 116.50 4.95 3.50

Denim 2 105.00 9.90 7.00
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Table 4.9 Barrier Efficiency of Atrazine Without and With

Weight (2psi) Determined Using GC Data

Cotton

Fabric under

Protective

Fabric

Cone,

(ppm)

Cone, of

Atrazine

(mg/cm^)

Percent

Penetration

Barrier

Efficiency

No Weight

Weight

(2psi)

SMS

MSB

CSB

Tyvek©

Cotton

Denim

SMS

MSB

CSB

Tyvek®

Cotton

Denim

93

16

21

30

420

55

68

11

15

16

430

125

0.1802

0.0310

0.0407

0.0581

0.8138

0.1066

0.1318

0.1213

0.0291

0.0310

0.8331

0.2422

6.9

1.2

1.6

2.2

31.2

4.1

5.1

0.8

1.1

1.2

32.0

9.3

93.1

98.8

98.4

97.8

68.8

95.9

94.9

99.2

98.9

98.8

68.0

90.7
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Table 4.10 Barrier Efficiency of Chlorpyrifos Without and With

Weight (2psi) Determined Using GC Data

Cotton

Fabric under

Protective

Fabric

Cone. Cone, of Percent Barrier

(ppm) Chlorpyrifos Penetration Efficiency

(mg/cm^) (%) (%)

No Weight

Weight

(2psi)

SMS

MSB

CSB

Tyvek®

Cotton

Denim

SMS

MSB

CSB

Tyvek®

Cotton

Denim

154

8

8

19

154

92

130

7

3

71

117

105

0.2984

0.0155

0.0155

0.0368

0.2984

0.1783

0.2519

0.0136

0.0058

0.1376

0.2267

0.2034

44.9

2.3

2.3

5.5

44.9

26.8

37.9

2.0

0.9

20.7

34.1

30.6

55.1

97.7

97.7

94.5

55.1

73.2

62.1

98.0

99.1

79.3

65.9

69.4
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Table 4.11 Barrier Efficiency of Atrazine Without and With

Weight (2psi) Determined Using HPLC Data

Cotton

Fabric under

Protective

Fabric

Cone,

(ppm)

Cone, of

Atrazine

(mg/cm^)

Percent

Penetration

Barrier

Efficiency

(%)

No Weight

Weight

(2psi)

SMS

MSB

CSB

Tyvek©

Cotton

Denim

SMS

MSB

CSB

Tyvek®

Cotton

Denim

94

26

36

35

478

53

74

14

12

17

312

135

0.1821

0.0504

0.0698

0.0678

0.9261

0.1027

0.1434

0.0271

0.0233

0.0329

0.6045

0.2616

7.0

1.9

2.7

2.6

35.5

3.9

5.5

1.0

0.9

1.3

23.2

10.0

93.0

98.1

97.3

97.4

64.5

96.1

94.5

99.0

99.1

98.7

76.8

90.0
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Table 4.12 General Linear Model of Chlorpyrifos Penetration (ppm) Separated by Weight

Weight Source Sum of

Squares

df Mean

Square

Sig. Observed

Power®

No

Weight

Weight

(2psi)

Corrected

Model

Intercept

Fabric''

Error

Total

Corrected

Total

Corrected

Model

Intercept

Fabric

Error

Total

Corrected

Total

100577.47° 4

94192.033 1

100577.47 4

2753.500 25

197523.00 30

103330.97 29

25144.367 228.295 .000 1.000

94192.033 855.203 .000 1.000

25144.367 228.295 .000 1.000

110.140

22897.400"=

36481.600

22897.400

299.000

59678.000

23196.400

1

4

5

10

9

95.725 .000 1.000

5724.350 610.060 .000 1.000

36481.600 95.725 .000 1.000

5724.350

59.800

a. Computed using alpha = .05

b. R Square = .973 (Adjusted R Squared = .969)

c. R Square = .987 (Adjusted R Squared = .977)

d. Fabric SMS excluded
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Table 4.13 General Linear Model of Chlorpyrifos Penetration (ppm)

Separated by Weight and Fabric

Source Sum of

Squares

df Mean

Square

F Sig. Observed

Power^

Corrected 123617.88' 9 13735.319 134.991 .000 1.000

Model

Intercept 101675.41 1 101675.41 999.267 .000 1.000

Weight 143.008 1 143.008 1.405 .245 .209

Fabric" 78417.467 4 19604.367 192.672 .000 1.000

Weight*Fabric 6217.367 4 1554.342 15.276 .000 1.000

Error 3052.500 30 101.750

Total 257201.00 40

Corrected Total 126670.38 39

a. Computed using alpha = .05

b. R Square = .976 (Adjusted R Squared ■

c. Fabric SMS excluded

.969)
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of squares, 4 for degree of freedom, and 25144.367 for the mean square. The p-value showed the

mean value was significantly different when separated by fabric type at 95 % confidence interval

(Table 4.12). Test statistics of weighted chlorpyrifos penetrations were 22897.400 for sum of

squares, 4 for degree of freedom, and 36481.600 for the mean square. The p-value showed the

mean value was significantly different (at 95 % confidence interval) when separated by weight and

fabric type (Table 4.13). Test statistics of chlorpyrifos penetrations separated by weight

application type were 143.008 for sum of squares, 1 for degree of freedom, and 143.008 for the

mean square. P-value showed the mean value for weight was not significantly different at 95 %

confidence interval (Table 4.13). Test statistics of chlorpyrifos penetrations separated by fabric

type were 78417.467 for sum of squares, 4 for degree of freedom, and 19604.367 for the mean

square. The p-value showed the mean value for fabric type was significantly different at 95 %

confident interval (Table 4.13). Test statistics of chlorpyrifos penetrations separated by weight

application type and fabric type were 6217.367 for sum of squares, 4 for degree of freedom, and

1554.342 for the mean square. P-value showed the mean value for weight*fabric was

significantly different at 95 % confidence interval (Table 4.13). Non parametric tests of

chlorpyrifos were compared to the results of GLM separated by fabric type and weight application

(Table 4.14). Non parametric rank tests included SMS. The value of the Wilcoxon test by using

a grouping variable of weight application was 244.000 and the p-value indicated that there was no

significant difference between whether weight was applied or not. The Kruskal-Wallis test was

performed to analyze more than two variables such as fabric types. Test staticstic of chi-square

was 39.583, degree of freedom was 5 and the p-value (2-tailed) indicated that there was significant

difference at the 95 % confidence interval. The order of increasing rank was CSB, MSB,

Tyvek®, SMS, denim and cotton. CSB and MSB had a similar rank; these fabrics had the

smallest penetration and the best barrier efficiency against chlorpyrifos. SMS and cotton had the

similar highest rank; these fabrics had the largest penetration and the least barrier efficiency. Non

parametric tests of atrazine penetration (ppm) separated by fabric type, weight application and

analysis type are shown in Table 4.15. The value of the Wilcoxon test by using a grouping

variable of analytical method was 2623.000 and the p-value (2-tailed) indicated that there was no

significant difference between GC or HPLC. Test statistic of the Wilcoxon test by using a

grouping variable of weight application was 1521.500 and p-value (2-tailed) indicated that there

was no significant difference at 95 % confidence interval. The Kruskal Wallis test was performed

to analyze by fabric type. The value of the chi-square was 95.040, degree of freedom was 5 and
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Table 4.14 Non-Parametric Tests of Chlorpyrifos Penetration (ppm)

Using by Different Grouping Variables

Grouping Variable : Weight Application

Ranks

N

No. Weight

Weight (2psi)

Total

36

11

47

Mean Rank

24.56

22.18

Sum of Ranks

884.00

244.00

Test Statistics

Ranks

Mann-Whitney U Wilcoxon W

178.000 244.000 -.503

Asymp. Sig. (2- tailed)

.615

Grouping Variable ; Fabric Type

N  Mean Rank

SMS

MSB

CSB

Tyvek®

Cotton

Denim

Total

7

8

8

8

8

8

47

38.14

10.00

8.38

19.25

40.00

30.00

Test Statistics

(Kruskal Wallis

Test)

Chi-Square

39.583

df Asymp. Sig. (2- tailed)

.000

Chlorpyrifos penetration through the fabrics with and without weight were not significant at the p

= 0.05 using the Non-Parametric test, Marm-Whitney Unuvariable.
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Table 4.15 Non-Parametric Tests of Atrazine Penetration (ppm)

Using by Different Grouping Variables

Grouping Variable : Analysis Type

Ranks

N

GC

HPLC

Total

47

71

118

Mean Rank

55.81

61.94

Sum of Ranks

2623.00

4398.00

Test Statistics

Ranks

Mann-Whitney U Wilcoxon W

1495.000 2623.000 -.954

Asymp. Sig. (2- tailed)

.340

Grouping Variable : Weight application

N

No. Weight

Weight (2psi)

Total

89

29

118

Mean Rank

61.79

52.47

Sum of Ranks

5499.50

1521.50

Test Statistics

Ranks

Mann-Whitney U Wilcoxon W

1086.500 1521.500 -1.275

Asymp. Sig. (2- tailed)

.202

Grouping Variable ; Fabric Type

N

SMS

MSB

CSB

Tyvek®

Cotton

Denim

Total

19

20

20

20

19

20

118

Mean Rank

84.89

24.98

30.85

38.55

109.00

72.47

Test Statistics

(Kruskal Wallis
Test)

Chi-Square

95.040

df Asymp. Sig. (2- tailed)

.000
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the p-value (2-tailed) indicated that there was significant difference by fabric type at the 95 %

confidence interval. The order of increasing rank was MSB, CSB, Tyvek®, denim, SMS and

cotton. MSB and CSB had the smallest penetration and the best barrier efficiency. Cotton had

the greatest penetration and the least barrier efficiency against atrazine. The results of statistical

analysis using grouping variables showed that there was significant difference among fabric types

and there was no significant difference between the analysis method and weight applications in

both atrazine and chlorpyrifos penetrations. Based on Levene's test for equal variances, a t-test

was conducted for data having equal variances to analyze the level of mean difference between two

independent variables. A non-parametric test was conducted for data having unequal variances of

two independent variables.

4.7.1 Gas Chromatographv

The amount of pesticide penetration was calculated to milligram per centimeter squared.

The total amount of atrazine was 2.6056 and of chlorpyrifos was 0.6646 milligram per centimeter

squared (mg/cm^). Percent penetration was calculated based on the total amount of pesticide

applied. Barrier efficiency was reported as the opposite term of percent penetration.

4.7.1.1 Atrazine Without Weight

Except for cotton, the fabrics tested showed a good protection, above 93 percent against

atrazine penetration (Table 4.9). MSB showed the best barrier efficiency, 98.8 percent, which

was similar to that of CSB and Tyvek®. Tyvek® had a little less barrier efficiency than MSB

and CSB but still showed a good protection. Blue denim, whose barrier efficiency was 95.9,

showed a little less than MSB, CSB and Tyvek®, but about 3 percent better than SMS.

4.7.1.2. Atrazine With Weight

The penetration of atrazine with weight, which was applied for one minute is shown in the

Table 4.9. Data of pressure application showed that the penetration of atrazine was similar to that

of atrazine without weight. MSB, CSB and Tyvek® showed similar penetration and SMS showed

a little less but still good protection when pressure was applied. Percent penetration of blue denim

was 9.3 percent and cotton was 32.0 percent. Blue denim provided much better protection than

cotton but eight times more penetration by atrazine than MSB, CSB and Tyvek®, and twice that of

SMS. Figure 7 shows the penetration of atrazine with and without weight test using data analyzed

with a GC. To compare the penetration the without and with weight, nonwovens showed a little
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increased penetration when pressure was applied while cotton and blue denim showed increased

penetration. Especially, the percent of penetration of blue denim increased twice when weight

was applied while cotton showed similar larger penetration. Levene's test for equal variances

showed that penetration data of atrazine both without weight and with weight had equal variances,

so a t-test was preferred to a non-parametric test to analyze the difference of mean value. Test

statistics of denim in terms of penetration was -7.771 for t-value and 6 for degree of freedom. P-

value showed the mean value of denim was significantly different when the weight was applied

compared to no weight at 95 % confidence interval (Table 4.16). The other fabrics were not

significantly different whether the weight was applied or not. The Mann-Whitney non-parametric

test supported the same results (Table 4.17). Test statistic of the Wilcoxon test by using a

grouping variable of weight application of denim in terms of atrazine penetration was 21.000 and

the p-value indicated that there was significant different at 95 % confidence interval. The other

fabrics were not significantly different whether the weight was applied or not.

4.7.1.3 Chlorpyrifos Without Weight

MSB and CSB show a similar protection against chlorpyrifos and the percent penetration

of Tyvek© was twice as great as MSB and CSB but it still provided good protection (Table 4.10).

Barrier efficiencies of MSB, CSB and Tyvek® were above 94 percent. Percent penetration of

blue denim was 26.8, and cotton and SMS allowed the same percent penetration, about 45 percent.

SMS nonwoven provided bad protection against chlorpyrifos, allowing more than 40 percent

penetration. Blue denim showed five times more penetration (%) of chlorpyrifos than atrazine

indicating that it is not appropriate for agricultural protective clothing when liquid chlorpyrifos is

sprayed in field applications.

4.7.1.4 Chlorpyrifos With Weight

Percent penetration of SMS was 37.9 percent, which was even greater than that of cotton

and denim. SMS provided the worst protection against chlorpyrifos when weight was applied.

In conclusion; cotton, blue denim, and SMS are not good choices for agricultural apparel during

chlorpyrifos application. MSB and CSB provided excellent protection against chlorpyrifos in both

without and with weight tests. Tyvek® provided good protection but the protection was sensitive

to the application of external pressure. Figure 8 shows the chlorpyrifos penetration with and

without weight determined using a GC. Levene's test for equal variances showed that penetration

data of atrazine for both without weight and with weight had equal variances;
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Table 4.16 T-Test of Atrazine (ppm) between Without and With Weight Using GC Data

Levene's Test T-test for Equality of Means
F Sig. t df Sig. Mean

(2 -tailed) Difference

Std. Error

Difference

SMS Equal
variances

.706 .439 1.464 5 .203 25.2000 17.2148

assumed

Equal 1.851 3.382 .151 25.20000 13.6148

variances

not

assumed

MSB Equal
variances

1.283 .301 .609 6 .565 4.9833 8.1838

assumed

Equal .938 5.242 .389 4.9833 5.3118

variances

not

assumed

CSB Equal
variances

.051 .829 .510 6 .628 6.5500 12.8451

assumed

Equal .596 2.339 .604 6.5500 10.9981

vanances

not

assumed

Tyvek© Equal
variances

.077 .790 1.330 6 .232 13.85.. 10.4157

assumed

Equal 1.514 2.211 .258 13.8500 9.1463

variances

not

assumed

Cotton Equal
variances

1.958 .211 -.249 6 .812 -10.0833 40.5063

assumed

Equal -.175 1.198 .886 -10.0833 57.6255

variances

not

assumed

Denim Equal
variances

.084 .781 -7.771 6 .000 -70.3667 9.0552

assumed

Equal -8.692 2.097 .011 -70.3667 8.1545

variances

not

assumed
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Table 4.17 Mann-Whitney Test of Atrazine penetration (ppm) between Without

and With Weight Using GC Data

Fabric Type Case N Mean Rank Sum of Ranks

SMS No. Weight 5 4.60 23.00

Weight (2psi) 2 2.50 5.00

Total 7

MSB No. Weight 6 4.83 29.00

Weight (2psi) 2 3.50 7.00

Total 8

CSB No. Weight 6 4.50 27.00

Weight (2psi) 2 4.50 9.00

Total 8

Tyvek© No. Weight 6 5.33 32.00

Weight (2psi) 2 2.00 4.00

Total 8

Cotton No. Weight 6 4.33 26.00

Weight (2psi) 2 5.00 10.00

Total 8

Denim No. Weight 6 3.50 21.00

Weight (2psi) 2 7.50 15.00

Total 8

Test Statistics
C

SMS MSB CSB Tyvek® Cotton Denim

Mann-Whitney U 2.000 4.000 6.000 1.000 5.000 .000

Wilcoxon W 5.000 7.000 9.000 4.000 26.000 21.000

Z -1.162 -.667 .000 -1.667 -.333 -2.000

Asymp. Sig. (2-tailed) .245 .505 1.000 .096 .739 .046

Exact Sig.f2*(l-tailed Sig.)] .38U .643' 1.000' .143' .857' .071'

Monte Sig. .378'' .636'' 1.000'' .141'' .854"' .069"

Carlo 99% Lower .391 .623 1.000 .132 .845 .062

Sig. (2- Confide Bound

tailed) nee Upper .190'' .648'' l.OOO'' .150'' .863'' .076"

Bound

Monte Sig. .180 .324 .578 .071 .422 .035

Carlo 99% Lower .200 .311 .566 .064 .409 .030

Sig.(1- Confide Bound

tailed) nee Upper .336 .591 .077 .434 .040

Bound

a. Not corrected for ties

b. Based on 10000 sampled tables with starting seed 2000000

c. Grouping Variable: CASE

d. Denim different from all others and all others not different

74



-
J

L
/
1

E o
.

c
u

>
» e
-

_o U

5
0
0

45
0-

1-

4
0
0

3
5
0
 -

3
0
0
 -

2
5
0
 -

2
0
0
 -

1
5
0

1
0
0

M i
H

1
3
0

I
C
S

i
5
0

We
ig
ht
 (2

ps
i)

^
N
O

^
W
T

S
M
S
 

M
S
B
 

C
S
B
 

Ty
ve

k 
Co

tt
on

 
De
ni
m

Fa
br

ic
 T
y
p
e

Fi
gu
re
 8
 Ch

lo
rp

yr
if

os
 Pe

ne
tr

at
io

n W
it
h 
an
d 
Wi
th
ou
t W

ei
gh
t D

et
er

mi
ne

d 
Us

in
g G
C
 Da

ta



therefore, a t-test was preferred to a non-parametric test to analyze the difference of mean value.

Test statistics of cotton in terms of penetration were 3.021 for t-value, 6 for degree of freedom,

37.000 ppm for mean difference and 12.2474 ppm for standard error difference. P-value showed

the mean value of cotton and Tyvek® were significantly different when the weight was applied at

95 % confidence interval (Table 4.18). The other fabrics were not significantly different whether

weight was applied or not. The Mann-Whitney non-parametric test supported similar results

(Table 4.19). For Tyvek® test statistic of the Wilcoxon test by using a grouping variable of

weight application was 21.000 and the p-value indicated that there was significant different at 95%

confidence interval. For cotton, the test statistic of the Wilcoxon test by using a grouping variable

of weight application was 3.000 and the p-value indicated that there was significant difference at

95% confidence interval. The other fabrics were not significantly different whether weight was

applied or not.

4.7.2 High Performance Liquid Chromatographv

Only atrazine was analyzed using a HPLC.

4.7.2.1 Atrazine Without Weight

Except for cotton, the fabrics tested showed good protection above 93 percent, against

atrazine penetration, which were similar results using a GC (Table 4.11). MSB showed the best

barrier efficiency, 98.1 percent, which was similar to CSB and Tyvek®,which had a similar barrier

efficiency, about 97 percent, and a little bit less than MSB but still good protection. Blue denim

provided a little less protection than MSB, CSB and Tyvek®, with 96.1 percent barrier efficiency,

but was twice as effective against atrazine penetration as SMS.

4.7.2.2. Atrazine With Weight

Data of pressure application showed that the penetration of atrazine was similar to that

without weight (Table 4.11). MSB, CSB and Tyvek® showed similar penetration and SMS

showed a little less but still good protection when pressure was applied. Percent penetration of

blue denim was 10.0 percent and cotton was 23.2 percent. Blue denim provided twice as good

protection as cotton but allowed eight times more atrazine to penetrate compared to MSB, CSB

and Tyvek®, and two times more than SMS. Figure 9 shows atrazine penetration with and

without weight determined using a HPLC. To compare the penetration between the without and

with weight, nonwovens and cotton showed a little decreased penetration with weight while blue

76



Table 4.18 T-Test of Chlorpyrifos (ppm) between Without and With Weight Using GC Data

Levene's Test T-test for Equality of Means
F Sig. t  df Sig. Mean Std. Error

(2 -tailed) DilFerence Difference

SMS Equal
variances

assumed

Equal
variances

not

assumed

.339 .748 24.1667 71.2109

24.1667

MSB Equal
variances

assumed

Equal
variances

not

assumed

.012 .917 .514

.518 1.758

.625 1.5000 2.9155

.662 1.5000 2.8954

CSB Equal
variances

assumed

Equal
variances

not

assumed

1.074 .340 1.882

2.800 4.728

.109 4.6667 2.4795

.040 4.6667 1.6667

Tyvek© Equal
variances

assumed

Equal
variances

not

assumed

.033 .863 -6.111

-5.245 1.424

.001 -51.6667 8.4547

.067 -51.6667 9.8511

Cotton Equal
variances

assumed

Equal
variances

not

assumed

2.084 .199 3.021

4.925 5.892

.023 37.0000 12.2474

.003 37.0000 7.5122

Denim Equal
variances

assumed

Equal
variances

not

assumed

.353 .574 -1.314

-1.523 2.300

.237 -13.3333 10.1507

.251 -13.3333 8.7547
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Table 4.19 Mann-Whitney Test of Chlorpyrifos Penetration (ppm) between Without

and With Weight Using GC Data

Fabric Type Case N Mean Rank Sum of Ranks

SMS

MSB

CSB

Tyvek©

No. Weight
Weight (2psi)

Total

No. Weight
Weight (2psi)

Total

No. Weight
Weight (2psi)

Total

No. Weight
Weight (2psi)

Total

6

1

7

6

2

8

6

2

8

6

2

8

4.17

3.00

4.67

4.00

5.33

2.00

3.50

7.50

25.00

3.00

28.00

8.00

32.00

4.00

21.00

15.00

Cotton No. Weight 6 5.50 33.00

Weight (2psi) 2 1.50 3.00

Total 8

Denim No. Weight 6 3.83 23.00

Weight (2psi) 2 6.50 13.00

Total 8

Test Statistics
C

SMS MSB CSB Tyvek© Cotton Denim

Mann-Whitney U 2.000 5.000 1.000 .000 .000 2.000

Wilcoxon W 3.000 8.000 4.000 21.000 3.000 23.000

Z -.500 -.333 -1.677 -2.012 -2.000 -1.333

Asymp. Sig. (2-tailed) .617 .739 .094 .044 .046 .182

Exact Sig.f2*(l-tailed Sig.)l .857" .857" .143" .071" .071" .286"

Monte Sig. .855'' .850"' .108'' .075'' .072'' .280''
Carlo 99% Lower .846 .841 .100 .068 .065 .268

Sig. (2- Confide Bound

tailed) nee Upper .864 .860 .115 .081 .078 .291

Bound

Monte Sig. .425*' .428'' .068'' .040'' .038''

o
a

Carlo 99% Lower .412 .415 .061 .035 .033 .131

Sig. (1- Confide Bound

tailed) nee Upper .438 .441 .074 .045 .043 .149

Bound

a. Not corrected for ties

b. Based on 10000 sampled tables with starting seed 1238861123

c. Grouping Variable: CASE

d. Tyvek© and cotton different by weight chlorpyrifos GC
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denim showed increased penetration when pressure was apphed. Percent penetration of blue

denim increased twice as much when weight was applied. Levene's test for equal variances

showed that SMS, MSB, CSB, Tyvek® and denim did not have equal variances and cotton did. A

non-parametric test was preferred to a t-test to analyze the difference of mean rank. Test statistics

of SMS were 4.017 fort-value, 8.371 for degree of freedom, 19.3144 ppm for mean difference and

4.8084 ppm for standard error difference (Table 4.20). Test statistics of MSB were 4.074 for t-

value, 8.157 for degree of freedom, 11.5000 ppm for mean difference and 2.8231 ppm for standard

error difference. Test statistics of CSB were 4.696 for t-value, 8.013 for degree of freedom,

23.4578 ppm for mean difference and 4.9949 ppm for standard error difference. Test statistics of

Tyvek® were 4.236 for t-value, 8.050 for degree of freedom, 18.0589 ppm for mean difference

and 4.2630 ppm for standard error difference. Test statistics of cotton were 7.556 for t-value, 9

for degree of freedom, 165.0511 ppm for mean difference and 21.8443 ppm for standard error

difference. Test statistics of denim in terms of penetration were -9.851 for t-value, 2.083 for

degree of freedom, -82.0067 ppm for mean difference and 8.3257 ppm for standard error

difference. The p-values showed the mean values of all six fabrics were significantly different

when the weight was applied compared to no weight at 95 % confidence interval. The Mann-

Whitney non-parametric test supported the same results (Table 4.21). All fabrics except SMS

showed there was a significant difference at 95 % confidence interval whether weight was applied

or not. Test statistics of the Wilcoxon test by using a grouping variable of weight to evaluate the

difference in the mean with weight and the mean without weight found that all were statistically

significant (p < 0.05). The Wilcoxon test gives a numeric value indicating how different the mean

with weight and the mean without weight were. For cotton the Wilcoxon value was 3. MSB, CSB,

and Tyvek® were 6 and denim was 45.

4.7.3 Atrazine and Chlorpvrifos (Percent Penetration) Using GC Data

Figure 10 and Figure 11 show the percent penetraton of atrazine and chlorpyrifos without

and with weight using GC data. Data without weight was tranformed according to the equation

suggested by John and Richard (1974). Levene's test for equal variances of atrazine and

chlorpyrifos without weight percent penetration showed that all fabrics had equal variances except

Tyvek®( Table 4. 22). A t-test was preferred to a non-parametric test to analyze the difference

of mean percent penetration. The p-values showed the mean values of percent penetration of
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Table 4.20 T-Test of Atrazine (ppm) between Without and With Weight Using HPLC Data

Levene's Test T-test for Equality of Means
F Sig. t df Sig. Mean Std. Error

(2 -tailed) Difference Difference

SMS Equal
variances

assumed

9.729 .011 2.270 10 .047 19.3144 8.5082

Equal 4.017 8.371 .004 19.3144 4.8084

variances

not

assumed

MSB Equal
variances

assumed

5.562 .040 2.288 10 .045 11.5000 5.0273

Equal 4.074 8.157 .003 11.5000 2.8231

variances

not

assumed

CSB Equal
variances

assumed

9.926 .010 2.626 10 .025 23.4578 8.9320

Equal 4.696 8.013 .002 23.4578 4.9949

variances

not

assumed

Tyvek© Equal
variances

assumed

9.484 .012 2.372 10 .039 8.0589 7.6149

Equal 4.236 8.050 .003 18.0589 4.2630

variances

not

assumed

Cotton Equal
variances

assumed

.611 .454 7.556 9 .000 165.0511 21.8443

Equal 13.349 5.330 .000 165.0511 12.3643

variances

not

assumed

Denim Equal
variances

assumed

7.938 .018 -17.256 10 .000 -82.0067 4.7525

Equal -9.851 2.083 .009 -82.0067 8.3250

variances

not

assumed
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Table 4.21 Mann-Whitney Test of Atrazine Penetration (ppm) between Without

and With Weight Using HPLC Data

Fabric Type Case N Mean Rank Sum of Ranks

SMS No. Weight 7.67

3.00

69.00

9.00

Total 12

MSB No. Weight 9 8.00 72.00

Weight (2psi) 3 2.00 6.00

Total 12

CSB No. Weight 9 8.00 72.00

Weight (2psi) 3 2.00 6.00

Total 12

Tyvek® No. Weight 9 8.00 72.00

Weight (2psi) 3 2.00 6.00

Total 12

Cotton No. Weight 9 7.00 63.00

Weight (2psi) 3 1.50 6.00

Total 12

Denim No. Weight 9 5.00 45.00

Weight (2psi) 3 11.00 33.00

Total 12

Test Statistics
C SMS MSB CSB Tyvek® Cotton Denim

Mann-Whitney U 3.000 .000 .000 .000 .000 .000

Wilcoxon W 9.000 6.000 6.000 6.000 3.000 45.000

Z -1.941 -2.505 -2.505 -2.496 -2.131 -2.496

Asymp. Sig. (2-tailed) .052 .012 .012 .013 .033 .013

Exact Sig.f2*(l-tailed Sig.)l .064" .009" .009" .009" .036" .009"

Monte Sig. .065'' .009'' .008'' .009" .036" .009"

Carlo 99% Lower .058 .007 .006 .007 .031 .007

Sig. (2- Confide Bound

tailed) nee Upper .071 .012 .011 .012 .040 .012

Bound

Monte Sig. .033*'

o
o

.004" .005" .018" .005"

Carlo 99% Lower .028 .003 .002 .003 .015 .003

Sig. (1- Confide Bound

tailed) nee Upper .037 .007 .006 .007 .021 .006

Bound

a. Not corrected for ties

b. Based on 10000 sampled tables with starting seed 1441484369

c. Grouping Variable: CASE

d. Atrazine all fabrics were statistically significant by weight
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Table 4.22 T-Test of Atrazine and Chlorpyrifos (%) Without Weight Using GC Data

Levene's Test T-test for Equality of Means
F Sig. t df Sig.

(2 -tailed)

Mean

Difference

Std. Error

Difference

SMS Equal
variances

assumed

4.207 .070 -5.090 9 .001 -9.3683 .1840

Equal -5.600 5.298 .002 -9.3683 .1673

variances

not

assumed

MSB Equal
variances

assumed

.102 .756 -2.163 10 .056 -9.56E-02 4.420E-02

Equal -2.163 9.887 .056 -9.56E-02 4.420E-02

variances

not

assumed

CSB Equal
variances

assumed

.043 .839 -1.213 10 .253 -5.57E-02 4.597E-02

Equal -1.213 9.386 .255 -5.57E-02 4.597E-02

variances

not

assumed

Tyvek© Equal
variances

assumed

9.068 .013 -2.862 10 .017 -.0701 5.941E-02

Equal -2.862 7.185 .024 -.1701 5.941E-02

variances

not

assumed

Cotton Equal
variances

assumed

.767 .402 -5.854 10 .000 -.2803 4.789E-02

Equal -5.854 9.003 .000 -.2803 4.789E-02

variances

not

assumed

Denim Equal
variances

assumed

2.730 .129 -17.314 10 .000 -.6797 3.926E-02

Equal -17.314 7.325 .000 -.6797 3.926E-02

variances

not

assumed
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SMS, Tyvek®, cotton, and denim fabrics were significantly different in percent penetration

whether atrazine or chlorpyrifos was applied at 95 % confidence interval. The p-value of SMS,

Tyvek®, cotton, and denim showed the mean value of percent penetration was significantly

different at the 95 % confidence interval (4.22). Test statistics of SMS were -5.090 for t-value, 9

for degree of freedom, -9.3683 % for mean difference and 0.1840 % for standard error difference.

Test statistics of Tyvek® were -2.862 for t-value, 7.185 for degree of freedom, -0.1701 % for

mean difference and 5.941E-02 % for standard error difference. Test statistics of cotton were -

5.854 for t-value, 10 for degree of freedom, -0.2803 % for mean difference and 4.789E-02 % for

standard error difference. Test statistics of denim were -17.314 for t-value, 10 for degree of

freedom, -0.6797 % for mean difference and 3.926E-02 % for standard error difference. The

Mann-Whitney non-parametric test supported the same results (Table 4.23). SMS, Tyvek®,

cotton, and denim showed significant differences at 95% confidence interval. For SMS, Tyvek®,

cotton and denim, test statistics of Wilcoxon test by using a grouping variable of pesticide type

were 15.000, 24.000, 21.000 and 21.000. T-tests of atrazine and chlorpyrifos percent penetration

with weight is shown in Table 4.24. Levene's test for equal variances of with weight percent

penetration showed that SMS, Tyvek® and denim fabrics did not have equal variances and the

other fabrics did. A t-test was preferred to a non-parametric test to analyze the difference of mean

value. Test statistics of SMS were -4.827 for t-value, 5.087 for degree of freedom, -38.0395 %

for mean difference and 7.8811 for standard error difference. Test statistics of Tyvek® were -

2.750 for t-value, 6.155 for degree of freedom, -3.3949 % for mean difference and 1.2343 % for

standard error difference. Test statistics of cotton were -5.847 for t-value, 10 for degree of

freedom, -13.5353 % for mean difference and 2.3151 % for standard error difference. Test

statistics of denim in terms of penetration were -14.408 for t-value, 10 for degree of freedom, -

22.6407 % for mean difference and 1.5714 % for standard error difference. P-value for SMS,

Tyvek®, cotton and denim showed the mean value of penetration was significantly different at

95% confidence interval. The mean values of the other fabrics were not. The Maim-Whitney

non-parametric test showed that all fabrics were not significantly different at 95 % confidence

interval (Table 4.25). It was probably due to the t-test being a strong and more confident test than

the Mann-Whitney. In conclusion, atrazine and chlorpyrifos data analyzed using GC data without

weight when analyzed using Mann-Whitney (Table 4. 23) showed that SMS, Tyvek®, cotton and

denim were statistically different but MSB, CSB were not.
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Table 4.23 Mann-Whitney Test of Atrazine and Chlorpyfiros Penetration (%)

Without Weight Using GC Data

Fabric Type Case N Mean Rank Sum of Ranks

SMS Atrazine 5 3.00 15.00

Chlorpyrifos 6 8.50 51.00

Total 11

MSB Atrazine 6 4.67 28.00

Chlorpyrifos 6 8.33 50.00

Total 12

CSB Atrazine 6 5.33 32.00

Chlorpyrifos 6 7.67 46.00

Total 12

Tyvek® Atrazine 6 4.00 24.00

Chlorpyrifos 6 9.00 54.00

Total 12

Cotton Atrazine 6 3.50 21.00

Chlorpyrifos 6 9.50 57.00

Total 12

Denim Atrazine 6 3.50 21.00

Chlorpyrifos 6 9.50 57.00

Total 12

Test Statistics
C SMS MSB CSB Tyvek® Cotton Denim

Mann-Whitney U .000 7.000 11.000 3.000 .000 .000

Wilcoxon W 15.000 28.000 32.000 24.000 21.000 21.000

Z -2.735 -1.761 -1.123 -2.406 -2.882 -2.882

Asymp. Sig. (2-taiIed) .006 .078 .261 .016 .004 .004

Exact Sig.f2*(l-tailed Sig.)] .004' .093' .310' .015' .002' .002'

Monte Sig. .005*' .095'' .284'' .017'' .003'' .003''

Carlo 99% Lower .003 .088 .272 .014 .002 .002

Sig. (2- Confide Bound

tailed) nee Upper .007 .103 .295 .020 .004 .004

Bound

Monte Sig. .002''

O
00

rc

.149'' .009'' .002'' .002''

Carlo 99% Lower .001 .043 .140 .007 .001 .001

Sig.(1- Confide Bound

tailed) nee Upper .004 .054 .158 .012 .003 .003

Bound

a. Not corrected for ties

b. Based on 10000 sampled tables with starting seed 626550639

c. Grouping Variable; CASE
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Table 4.24 T-Test of Atrazine and Chlorpyrifos (%) With Weight Using GC Data

Levene's Test T-test for Equality of Means
F Sig. t df Sig. Mean Std. Error

(2 -tailed) Difference Difference

SMS Equal
variances

assumed

5.167 .049 -4.372 9 .002 -38.0395 8.7003

Equal -4.827 5.087 .005 -38.0395 7.8811

variances

not

assumed

MSB Equal
variances

assumed

.314 .588 -2.162 10 .056 -1.1626 .5378

Equal -2.162 9.394 .058 -1.1626 .5378

variances

not

assumed

CSB Equal
variances

assumed

.038 .849 -1.058 10 .315 -.6664 .6297

Equal -1.058 9.465 .316 -.6664 .6297

variances

not

assumed

Tyvek® Equal
variances

assumed

22.149 .001 -2.750 10 .020 -3.3949 1.2343

Equal -2.750 6.155 .032 -3.3949 1.2343

variances

not

assumed

Cotton Equal
variances

assumed

1.100 .319 -5.847 10 .000 -13.5353 2.3151

Equal -5.847 8.612 .000 -13.5353 2.3151

variances

not

assumed

Denim Equal
variances

assumed

7.648 .020 -14.408 10 .000 -22.6407 1.5714

Equal -14.408 5.507 .000 -22.6407 1.5714

variances

not

assumed
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Table 4.25 Mann-Whitney Test of Atrazine and Chlorpyfiros Penetration (%)

With Weight Using GC Data

Fabric Type Case N Mean Rank Sum of Ranks

SMS Atrazine

Chlorpyrifos

1.50

3.00

3.00

3.00

Total 3

MSB Atrazine 2 1.50 3.00

Chlorpyrifos 2 3.50 7.00

Total 4

CSB Atrazine 2 2.50 5.00

Chlorpyrifos 2 2.50 5.00

Total 4

Tyvek® Atrazine 2 1.50 3.00

Chlorpyrifos 2 3.50 7.00

Total 4

Cotton Atrazine 2 2.50 5.00

Chlorpyrifos 2 2.50 5.00

Total 4

Denim Atrazine 2 1.50 3.00

Chlorpyrifos 2 3.50 7.00

Total 4

Test Statistics
C

SMS MSB CSB Tyvek® Cotton Denim

Mann-Whitney U .000 .000 2.000 .000 2.000 .000

Wilcoxon W 3.000 3.000 5.000 3.000 5.000 3.000

Z -1.225 -1.549 .000 -1.549 .000 -1.549

Asymp. Sig. (2-tailed) .221 .121 1.000 .121 1.000 .121

Exact Sig.f2*(l-tailed Sig.)] MT .333" 1.000" .333" 1.000" .333"

Monte Sig. .666*' .326*' 1.000'' .326*' 1.000 .326''

Carlo 99% Lower .654 .314 1.000 .314 1.000 .314

Sig. (2- Confide Bound

tailed) nee Upper .578 .338 1.000 .338 1.000 .338

Bound

Monte Sig. .332'' .163'' .666*' .163'' .666'' .163''
Carlo 99% Lower .320 .153 .654 .153 .654 .153

Sig. (1- Confide Bound

tailed) nee Upper .344 .172 .678 .172 .678 .172

Bound

a. Not corrected for ties

b. Based on 10000 sampled tables with starting seed 651040138

c. Grouping Variable: CASE
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4.7.4 Atrazine (GC and HPLC)

Figure 12 and Figure 13 show the atrazine penetrations without and with weight

determined using a GC and a HPLC. When the percent penetration of atrazine using HPLC and

GC were compared, the results were the same except for cotton. There were differences in percent

penetration using a HPLC and GC when weight was applied. In the HPLC analysis, percent

penetration of cotton was decreased about 12 percent when weight was applied. For other fabrics

showed a little bit greater penetration than when using GC but the difference was not significant.

Levene's test for equal variances showed penetration data of atrazine without weight when

analyzed by GC and HPLC had equal variances except for denim indicating that a t-test was

preferred to a non-parametric test to analyze the difference of mean value. Test statistics of cotton

in terms of penetration were -3.157 for t-value, 13 for degree of freedom, -57.6744 ppm for mean

difference and 18.2689 ppm for standard error difference (Table 4.26). P-value showed the mean

value of cotton was significantly different at 95 % confidence interval for the GC data and the

HPLC data. The mean values for the other fabrics were not. A Mann-Whitney non-parametric

test supported the similar results (Table 4.27). Test statistic of the Wilcoxon test by using a

grouping variable of analysis type of CSB were 29.000 and the p-value indicated that there was

significant difference at 95 % confidence interval. Test statistic of the Wilcoxon test by using a

grouping variable of analysis type of cotton were 25.000 and the p-value indicated that there was

significant difference at 95 % confidence interval. The other fabrics were not significantly

different whether a GC or HPLC was used. Levene's test for equal variances showed penetration

data of atrazine between GC and HPLC with weight did not have equal variances except for denim,

indicating that a non-parametric test was preferred to a t-test test to analyze the difference of mean

rank. P-values showed the mean values of all fabrics were not significantly different at 95 %

confidence interval whether a GC or HPLC was used (Table 4.28). A Mann-Whitney non-

parametric test supported the same results (Table 4.29). P-value of all fabrics showed that there

was no significant difference at 95 % confidence interval for a GC or HPLC.

4.7.5 Finish. Basis Weight and Thickness

A GLM test of pesticide penetration (ppm) was performed for finish type (Table 4.30).

Test statistics were 127037.1 of squares, 1 for degree of freedom, 127037.1 for mean square, and

p-value showed that there was significance different when finish was treated, especially for anti

static treatment. A GLM test of pesticide penetrations (ppm) was conducted for basis weight
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Table 4.26 T-Test of Atrazine (ppm) Without Weight Using GC and HPLC Data

Levene's Test T-test for Equality of Means
F Sig. t df Sig. Mean Std. Error

(2 -tailed) Difference Difference

SMS Equal
variances

.956 .348 -.073 12 .943 -.6978 9.6146

assumed

Equal -.064 5.918 .951 -.6978 10.9352

variances

not

assumed

MSB Equal
variances

.269 .613 -2.044 13 .062 -10.1467 4.9647

assumed

Equal -1.938 8.947 .085 -10.1467 5.2349

variances

not

assumed

CSB Equal
variances

assumed

.185 .674 -1.809 13 .094 -14.7878 8.1738

Equal -1.776 10.185 .106 -14.7878 8.3261

variances

not

assumed

Tyvek© Equal
variances

assumed

.192 .668 -.747 13 .469 -5.0856 6.8113

Equal -.742 10.625 .474 -5.0856 6.8565

variances

not

assumed

Cotton Equal
variances

assumed

1.394 .259 -3.157 13 .008 -57.6744 18.2689

Equal -2.935 8.289 .018 -57.6744 19.6525

variances

not

assumed

Denim Equal
variances

assumed

4.747 .048 .480 13 .639 1.9200 4.0004

Equal .400 5.654 .704 1.9200 4.7964

variances

not

assumed
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Table 4.27 Mann-Whitney Test of Atrazine (ppm) Without Weight

Using GC and HPLC Data

Fabric Type Case N Mean Rank Sum of Ranks

SMS GC 5 7.20 36.00

HPLC 9 7.67 69.00

Total 14

MSB GC 6 5.50 33.00

HPLC 9 9.67 87.00

Total 15

CSB GC 6 4.83 29.00

HPLC 9 10.11 91.00

Total 15

Tyvek© GC 6 7.33 44.00

HPLC 9 8.44 76.00

Total 15

Cotton GC 6 4.17 25.00

HPLC 9 10.56 95.00

Total 15

Denim GC 6 8.17 49.00

HPLC 9 7.89 71.00

Total 15

Test Statistics'' SMS MSB CSB Tyvek® Cotton Denim

Mann-Whitney U 21.000 12.000 8.000 23.000 4.000 26.000

Wilcoxon W 36.000 33.000 29.000 44.000 25.000 71.000

Z -.200 -1.769 -2.241 -.471 -2.715 -.118

Asymp. Sig. (2-tailed) .841 .077 .025 .637 .007 .906

Exact Sig.f2*(l-tailed Sig.)] .898" .088" .026" .689" .005" .955"

Monte Sig. .899'' .081'' .024'' .691'' .005" .957"

Carlo 99% Lower .891 .074 .020 .679 .003 .952

Sig. (2- Confide Bound
tailed) nee Upper .906 .088 .028 .703 .006 .962

Bound

Monte Sig. .448'" .040'' .Oil*" .347" .002" .479"

Carlo 99% Lower .431 .035 .008 .335 .001 .466

Sig. (1- Confide Bound
tailed) nee Upper .461 .045 .013 .359 .003 .492

Bound

a. Not corrected for ties

b. Based on 10000 sampled tables with starting seed 1238861123

c. Grouping Variable: CASE
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Table 4.28 T-Test of Atrazine (ppm) With Weight Using GC and HPLC Data

Levene's Test T-test for Equality of Means
F Sig. t  df Sig. Mean Std. Error

(2 -tailed) Difference Difference

SMS Equal
variances

assumed

381.947 .000 -.931 3 .421 -6.5833 7.0708

Equal -.698 1.012 .611 -6.5833 9.4289

variances

not

assumed

MSB Equal
variances

assumed

457.293 .000 -1.629 3 .202 -3.6300 2.2283

Equal -1.225 1.018 .433 -3.6300 2.9633

variances

not

assumed

CSB Equal
variances

assumed

20203.350 .000 .325 3 .767 2.1200 6.5244

Equal .242 1.001 .849 2.1200 8.7511

variances

not

assumed

Tyvek© Equal
variances

assumed

1616.263 .000 -.159 3 .884 -.8767 5.5243

Equal -.118 1.002 .925 -.8767 7.4039

variances

not

assumed

Cotton Equal
variances

assumed

1.35E+16 .000 2.114 2 .169 117.4600 55.5640

Equal 2.114 1.038 .274 117.4600 55.5640

variances

not

assumed

Denim Equal
variances

assumed

.313 .615 -.827 3 .469 -9.7200 11.7523

Equal -.915 2.945 .429 -9.7200 10.6206

variances

not

assumed
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Table 4.29 Mann-Whitney Test of Atrazine (ppm) With Weight Using GC and HPLC Data

Fabric Type Case N Mean Rank Sum of Ranks

SMS GC 2 3.00 6.00

HPLC 3 3.00 9.00

Total 5

MSB GC 2 1.50 3.00

HPLC 3 4.00 12.00

Total 5

CSB GC 2 3.00 6.00

HPLC 3 3.00 9.00

Total 5

Tyvek® GC 2 3.00 6.00

HPLC 3 3.00 9.00

Total 5

Cotton GC 2 3.50 7.00

HPLC 3 1.50 3.00

Total 5

Denim GC 2 2.00 4.00

HPLC 3 3.67 11.00

Total 5

Test Statistics" SMS MSB CSB Tyvek® Cotton Denim

Mann-Whitney U 3.000 .000 3.000 3.000 .000 1.000

Wilcoxon W 9.000 3.000 9.000 9.000 3.000 4.000

Z .000 -1.777 .000 .000 -1.549 -1.155

Asymp. Sig. (2-tailed) 1.000 .076 1.000 1.000 .121 .248

Exact Sig.f2*(l-tailed Sig.)l 1.000' .200' 1.000' 1.000' .333' .400'

Monte Sig. l.OOO'' .199'' 1.000'' 1.000'' .341'' .404''
Carlo 99% Lower 1.000 .189 1.000 1.000 .329 .391

Sig. (2- Confide Bound
tailed) nee Upper 1.000 .209 1.000 1.000 .353 .417

Bound

Monte Sig. .bos'" .103'' .599'' .608'' .171'' .204''
Carlo 99% Lower .595 .095 .586 .595 .161 .194

Sig. (1- Confide Bound
tailed) nee Upper .620 .111 .612 .620 .181 .214

Bound

a. Not corrected for ties

b. Based on 10000 sampled tables with starting seed 533845165

c. Grouping Variable; CASE
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Table 4.30 General Linear Model of Pesticide Penetration (ppm) Separated by Finish

Source Sum of

Squares

df Mean

Square

Sig.

Cone.(ppm) Main Effects Finish

Model

Residual

Total

127037.1 1

127037.1 1

2736673 163

2863711 164

127037.1

127037.1

14767.985

17461.650

7.567 .007

7.567 .007

a. Cone, by Finish

b. All effects entered simultaneously
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(Table 4.31). Test statistics were 2118603 for sum of squares, 4 for degree of freedom,

529650.8 for mean square and p-value showed that there was a significant difference by basis

weight. A correlation test conducted at 99 % confidence interval among pesticide penetration,

fabric type, finish, basis weight and thickness (Table 4.32) showed that pesticide penetration was

affected by fabric type and finish treatment.

SUMMARY OF RESULTS

The purpose of this study was to determine if different fabrics provide various degrees of

protection against pesticide penetration whether a 2 psi weight was applied or not. The order of

the barrier resistance of the fabrics against atrazine was (MSB and CSB), Tyvek®1422, SMS,

denim, and cotton knit. There were no differences whether weight was applied or not except with

denim. The barrier efficiency of denim decreased about twice when 2 psi pressure was applied for

one minute. The fabric order of the barrier resistance to chlorpyrifos was (MSB and CSB),

Tyvek®1422, denim, SMS, and cotton knit. There were no differences whether weight was

applied except with Tyvek®1422 and cotton knit. The barrier effieiency of Tyvek®1422 decreased

about three times and the barrier efficiency of cotton knit increased slightly when a 2 psi pressure

was applied for one minute. Similar results were obtained using GC and HPLC. To compare the

percent penetration of both atrazine and chlorpyrifos, the order of the barrier efficiency of the

fabrics without weight applied was (MSB and CSB), denim, Tyvek®1422, SMS, and cotton lout.

The order of the barrier efficiency of the fabrics was (MSB and CSB), Tyvek® 1422, denim, cotton

knit, and SMS when weight was applied. The barrier effieiencies of all fabrics were decreased

against chlorpyrifos compared to atrazine. Cotton and denim showed similar barrier efficieney

against chlorpyrifos when the 2 psi weight was applied for one minute. The barrier effieiency of

SMS decreased dramatically when a 2 psi weight was applied for one minute. MSB, CSB and

Tyvek® 1422 showed good barrier efficiencies against atrazine and chlorpyrifos. Denim had good

protection against atrazine while it was not enough against chlorpyrifos. Cotton had the worst

protection ranged about 30 to 40 percent penetration of atrazine and chlorpyrifos no matter

whether weight was applied or not. Protection of denim against atrazine was decreased almost

twofold when weight was applied even for one minute. SMS nonwoven showed the worst

protection among those nonwovens. It had a good protection against atrazine but the penetration

of chlorpyrifos was 35 to 45 percent, which was even larger than denim. In general agricultural
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Table 4.31 General Linear Model of Pesticide Penetration (ppm)

Separated by Basis Weight

Source Sum of

Squares

df Mean

Square

F Sig. Observed

Power'

Corrected 2118603'' 4 529650.8 113.734 .000 1.000

Model

Intercept 1770221 1 1770221 380.127 .000 1.000

Basis Weight 2118603 4 529650.8 113.734 .000 1.000

Error 745107.4 160 4656.921

Total 4465986 165

Corrected Total 2863711 164

a. Computed using alpha = .05

b. R Squared = .740 (Adjusted R Squared = .733)

e. Dependent Variable: Cone, (ppm)
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Table 4.32 Correlation Among Pesticide Penetration (ppm),

Fabric Type, Finish, Basis Weight and Thickness

Pearson Correlation Cone. Sig. (2-tailed) N

Cone. 1.000 165

Fabric .327** .000 165

Finish -.211** .000 165

Basis Weight .106 .177 165

Thickness .095 .224 165

**. Correlation is significant at the 0.01 level (2-tailed)
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applications, SMS nonwoven, denim and cotton were not good protective clothing while they had a

good barrier protection against certain pesticide. MSB, CSB and Tyvek®1422 had good

protection. MSB and CSB had a excellent barrier efficiency against both atrazine and

chlorpyrifos while Tyvek®1422 had a excellent efficiency against only atrazine. Finish treatment

affected the pesticide penetration but basis weight and thickness did not.

DISCUSSION

Percent penetration of chlorpyrifos was larger than that of atrazine in most cases. It was

assumed that the different chemical characteristics of the two pesticides behaved differently in

penetration through the fabrics. Chlorpyrifos, (6.62 % (v/v), active ingredient) was dissolved in

xylene and polyglycol and then it was diluted to 1.0 % with distilled water. Atrazine (40.8 %

(v/v), active ingredient) was dissolved in water. Chlropyrifos 1.0 % (v/v) solution was more

hydrophobic than was atrazine 2.5 % (v/v) solution. In the case of polypropylene SMS, which is

hydrophobic, chlorpyrifos solution penetration was high as expected. Barrier efficiency of SMS

was decreased more than six times against chlorpyrifos than atrazine. It was probably affected by

the hydrophobic characteristic of the polypropylene SMS. Most spunbond and meltblown layers

are made of one hundred percent polypropylene except for tiny amounts of other lubricating

materials, which helps in processing. Swelling effect of polypropylene may contribute to the high

level of chlorpyrifos retention by decreasing fiber crystallinity and allowing the chlorpyrifos to

enter the inter-chain regions (Dell, 1993). Cotton knit had the worst barrier efficiency against

both atrazine and chlorpyrifos. Atrazine has most potential hydrogen bonding site in its structure

and cotton has hydrophlic hydroxyl groups (-0H) but cotton knit and denim acted differently

against atrazine. Denim showed good barrier efficiency against atrazine but knit was not. The

sturcture of the fabric seemed to affect strongly penetration of atrazine in case of cotton. Knit

fabric had more open structure than denim twill that knit allowed the atrazine solution more easily.

In the case of denim, a similar assumption was applied to that of cotton knit. Pesticide penetration

against atrazine was larger than most nonwovens because it is hydrophilic. However, the

penetration rate of denim against chlorpyrifos was more than twice as large as that of atrazine.

The penetration rate of cotton knit and denim was increased against chlorpyrifos when a 2 psi

weight was applied for one minute. Especially the penetration of denim increased dramatically. It

was assumed that chemical or physical characteristics of the inert components in the pesticide
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solution would affect penetration. The pressure applied onto fabric seemed to accelerate the

swelling effect. According to Kim's research (1997), the mechanism of binding between atrazine

and fabric seemed not to governed by hydrogen bonding but to governed London force like van der

Waal's attraction between molecules of atrazine and fabric that good barrier efficiency of denim

against atrazine agreed this.

102



CHAPTER V

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

This study was limited to only two pesticides. Each pesticide was tested at a different

concentration. Concentration used in this study was the concentration that was recommended by

the manufacturer. Each active ingredient of the pesticide used in this study was limited to only

one type of formulation. In addition, the weight application did not show any significant

differences except cotton and denim. It might be beneficial to repeat this study with a larger

sample size. It is recommended that inert materials in the pesticides should be analyzed in depth.

The formulations of the pesticides are reported in the MSDS of each pesticide, but the inert

ingredients are not. It seemed that the characteristics of the inert components affect the

chemical or other properties of pesticide solution when it is mixed with water, which influences

largely the penetration of pesticide. Surfactants can especially influence the liquid properties if

a very small amount is added. Therefore it seemed important to investigate the characteristics of

the surfactants not only itself but also in the mixture with the other active ingredients, inert

ingredients and water.

5.2 RECOMMENDATIONS FOR FUTURE STUDIES

1. Further studies could be done with larger sample sizes.

2. The weight test could be done in different time applications such as from one to ten

minutes, which might differentiate the penetration efficiency of the nonwovens.

3. It is recommended that one choose the pesticides with the same active ingredient from

different types of formulations: granular, emulsifiable concentrate, flowable liquid

ingredients, which might aid to investigate the effects of the other inert components.

4. It is recommended that one choose the pesticides with the same active ingredient from

different concentrations of active ingredients, which might be helpful to analyze the

effect of the other ingredients.
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5. It will be useful to use real human or animal skin samples as a second layer to analyze

how much pesticides are penetrating through the skin, if real human or animal skin

samples are available.
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RESTRICTED USE PESTICIDE
(GROUND AND SURFACE WATER CONCERNS)

FOR RETAIL SALE TO AND USE ONLY BY CERTIFIED APPLICATORS OR PERSONS UNDER THEIR DIRECT
SUPERVISION AND ONLY FOR THOSE USES COVERED BY THE CERTIFIED APPLICATDR'S CERTIFICATION.

THIS PRODUCT IS A RESTRICTED USE HERBICIDE DUE TO GROUND AND SURFACE WATER CONCERNS.
USERS MUST READ AND FOLLOW ALL PRECAUTIONARY STATEMENTS AND INSTRUCTIONS FOR USE IN
ORDER TO MINIMIZE POTENTIAL FOR ATRAZINE TO REACH GROUND AND SURFACE WATER.

For Season-Long Weed Control In Com, Sorghum, and Certain Other Crops.

KEEP OUT OF REACH OF CHILDREN

CAUTION
REFER TO INSIDE OF LABEL BOONLET FOR AOOmOHAL PRECAimONARV

SmiEIHEHTS AND DIRECTIONS FOR USE, INCLUDING STORAGE AND DISPOSAL.

ACTIVE INGREOiEIIITS:

Atrazine: 2'-cMofo-4-ethyiamiiio-6-isoptopyiainiiio-s-triaziiie 40.8%
Rebled CoMpottnds 2.2%

INERT IMGREDIEIITS S7.0%

Total 100.0%

Atraaiiie 4L Contains 4 Liis. Active Ingredients Per Gallon.
Shake Well Oefore Using. Use Entire Contents At One Time.

Net Coiiteiits: 21/2 Gallons tnTTT
EPA Reg. No. 1386-647 b-stts-ar-is

CO-OP

Unhfeffsai Cooperatiwes, inc. IMinneaiiolis, MN 55440



PRECAUTIONARY STATEMENT*
HAZARDS TO HUMANS AND DOMESTIC ANIMALS

CAUTION
►iainifut if iwaiiowed nriaiou >i jo^o'&oO !hfoo9h jE.n Do not D'oafhe vapors or spray rnist AvokJ contact with ayes, sfcm or c'othir>g

P«r»on«l Prot»€tiv« Equipm«nt (PRE)
ApplicatofY and othar Kandlara iothar tKan miiara and loadara) mual waar:

• Long-siaavod shiM ana cog pants
• Aatei'p'oof giovHs
• Chamicai res.stant foorwoar piuS so<:^s

Mixara and loadara muat waar:
• Long-s'eeved sn.'! and ong oanis
• Waier-proof gioves
• ChamicaKresiSiani tootwaar plus soc^s
• P'otactive eyewear
Follow manolacturer s instructions for cieaning-niaintaining PP6 if no such instructions for washabfas. use detergent and hot water Keep and wash

PPE separately from other laundry
Enpinaering Control Statemanta

When handieis uso closed systems, enclosed cabs, or aircraft »n a manner that meets trie requirements listed m the Worker Protection Standard {WPSf
for agricultural pesticides 140 CFR t70 240 (d) 14-611. the handler PP6 requirements may be reduced or rrxxlified as specified in the WPS.

USER SAFETY RECOMMENDATIONS
Usere ahould:

• Wash hands before eating, dnnkmg. chewing gum. using tobacco or using the toilet.
• Remove clothing immediately if pesticide gets inside Then wash thoroughly and put on clean clothing
• flertrove PP6 immediately after handling this product Wash the outside of gloves before removir^g As soon as possible wash ihoroughfy and

change into dean ciothmg.

STATEMENT OF PRACTICAL TREATMENT
H twellowed: Call a physcian or Poison Control Center immediately Drink t or 2 glasses of water arxJ ir>duce vomiting by touching t)ack of throat

with firmer, or. .f available, by administerlr^g syrup of ipecac Do not <nduce vomiiir^ or give anything by rTX)ulh to an unconscious person.
It inhaled Remove victim to fresh air If not breathing give artificial respiration, preferably mouth-to-mouth Gel medical attention.
M on akin: Wasn with plenty of soap and water Gel medical attention.
If in eyee: Flush eyes with plenty of water Call a phyS'Cian if -rntation persists.
Note to Phyeicien: Tfiere is r»o specific antidote for atrazine if this product is ingested, irxluce emesis or lavage stomach. The use of an aqueous

slurry of activated charcoal rr^ay be considered
For fvledical Emergency only, call I •600-228-5635. extension 138

ENVIRONMENTAL HAZARDS
Atyzme can travel (seep or leachl through soil and can enter ground water which may be uSod as drinking water Atrazine has been found m ground

water Users are advised not to apply atrazme to sand and 'camy sand soils where tf%e water table (grourid water) is close to the surface arnd where these
soiis ire very permeable, » e . well-dramed Your local agricultural agencies can provide further information on the type of soil in your area and the loca-
too of ground water

ThiS product may not De m.ixed/loaded or used within 50 ft. of all wells, including abandoned wells, drainage wells, and sink holes
This product may not be miked or loaded within 50 It of intermittent streams and rivers, rtaiural or impounded lakes and reservoirs This product nsay

not be applied aenalty or by ground withm 66 ft. of the points where field surface water runoff enters perennial or intermittent streams arid rivers or
within 200 ft around natural or impounded lakes and reservoirs If this product is applied to highly erodible land, the 66-ft buffer or setback from runoff
entry pomts must be planted to crop, seeded with grass, or other suitable crop

This pesticide is toxic to aquatic invertebrates Do not apply directly to water, to areas where surface water is present, or to mtertidai areas below the
mean high water mark Do not apply when weather conditions favor drift from treated areas Runoff aryj drift from treated areas may t)e hazardous to
aquatic organisms in neighbor ng areas Do not contaminate water when disposing of equipment wash Waters

DIRECTIONS FOR USE
It is a violation of Federal law to use this product in a manner inconsistent with its labeling
Do not apply this product m a way that will contact workers or other persons, either directly or through drift Only protected handlers may be m the

area during application. For any requirements specific to your State or Tnbe. consult the agency responsible for pesticide regulation.
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u,, ^ . *o«'Cuuuiwi u»f RtQuimMEirra
.«n,s .c: .^^toVc- on" "'T'"^
rea^.iemenis lof rra.n.ng jBcootdm.nai.on noiilicdi.on Ana S'Mn'wses. and handlefj o( agncullural paaticidM It coniains
10 tne •iiaiam»ris on tr.is aoai jtioui oarsonai oiotBciive ao om« fi"iPO?i"'d >nstfuction$ and aacapticns panamingusa. ti ,n.a orodnc, ,na, .a J^a oTrlXc7:rC,Z'Zn^7' ^h. r«,u„.m.n„ ,n m„ txt. on^ apCy »
Pp'e"!' Ti' " """" *""* ln..„.l (RED of 12 h,o„.

nar^orC'eo s^c'n'^Z"';:ro, Zl'T " -v.h,ng that
• Coveralls

• Aa'cf pioof gloves
• Chem.cai resisiant 'oorwear plus socks

Th non-aoriculiuiuu. use requirements

Do 001 anie, uaatea a,eos a...nou. o.oieci.ve cic<h,rg ..ni,! sp,ays have dned, nutser«s. oa oreenhoosai.

CROP INJURV.'oR'iujEOAL RESmUEsl'^ MECAUTIONS ON THIS LABEL MAV RESULT IN POOR WEED CONTROL.
DO NOT APPLY THIS PRODUCT THROUGH ANY TYPE OP IRRIGATION SV8TEM

0«ii«f«l lutemipaon ———

uci may oe apci.ed t)e"e«"alfet"weedren^^^^^ '"W'cane. and cenam other crops spool.ed on this label This prod-
reported Jiich cannot 0^ e!l'ect?ve°y conho°ted Oy°I^s"ano"eia^^^^^ b'Otypes ol some of the weeds listed on this label have been
are expected to be present along w!,h reLs.an. vve 'ecomme
herbicides which are not tr.annos II only resistant biotvcies am a oA-tAd , L P'Odoct m combinations or m sequence with other registered
Agricultural E.tension Service lor spoolVrecoZenda'ls

rnis product IS noncorrosive to equipment and metal sudaces, nonflammable, and has low elecuical conductivity.
Avoid using near adiaceni desirable plants or ,n greenhouses, or miury may occur
^avoel spray dnli. do not apply under windy conditions Avoid spray overlap, as crop iniury may result

.e.t:;\::a';:r«:uTn';i:; m^^^ Sd ..w m organ,c matter; use the higher rale on (in.
on'Ji^^'laMi'""'""' ™' recommend applications m combination with other hertwtides or oils, except as specifically described
Appllcattoo Procedma

a.eram"umfr,yVo^cTd^nd^rt;rre we""cV,rr!irs\ZXlorusTInrr -»•Unless otherwise specified, use a minimum of 10 gals of spray mixture per acre for a!l omnfAm^i a 'eeson and when changing carriers
emergence appiicaiions Iw.th or without oil or surfacianil with ground equipment " '"PorPorated. preplant surface, preemergence. and post-
a minimum of 20\ byMss*3t°ail timer'use^cen^i^oal P'"""'® sufficient agnation m tank to keep mixture in suspension, and 131 lo provideSh0u« provkte a minimum of ,0 galsfminutef^fx; ga?tln"k ^rat^'d^rrgr^t'lctrtlL'^TXt.
Do n" pre7«rrn'n",h7rercSi:;;^r;"Jse ̂ Src3;?crfe?sZ','''"'^ h°" ^norhe manufacturer s recommendations screens between the pump and boom, and where required, at the nottles Check

For band applications calculate amount to be applied per acre as follows;
band width n .riches broadcast rate amount needed
roww,ath,nmches per acre = per acre of field

product applied per acre For postemergence'lreatme^^^ Mroh^JlTa' specified Apply ,n a minimum of t qt of water for each qt of this
af^^txans urvtor cond,tons Where uniform covera^ern^rb^^^Sr^^^^^^^^vord RJoloatron to humans or ammals Flagmen and kaaders should avoid mhalaton of spray mist and prolonged contact with skin.
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orewni .nco.oo.d.d<) ,» ureoUn, ,,o.,nd dpo-oiion on com ""^T ̂  " W" ot me v.et<K as a carfw la pfeeawgeoce.
So.u.on as snovsn oe,c.v Oe.o.. use Oo no, apo,v .n nnrogen so,u,,or^ *"*" """^
Comp.,jblli,y Tea,, Sa ce ,„„.d ,er„.,:e,s can .arv even wnn.n m- . " . " " crop <niury may occur

inform u.«. Be especa.iv :iretu. avn«r, Js.ny ,on,p.e.e susjinsior! o*! 'itrrermrnt eompptlbillty with h«rblcid.(.) ..ch tlm«
ai doci.Cdtioii equ-omeni -nav ..nu,,,ve compdi.o.i.rv n some fiiiance' The fiU :ompdi,b.l.rv O'oDlen.s ate rnore Itkely to occur Com-

.OWS ma.eaporoo„a.e=r.any.s n,n, ng,e,„«„s Chec> compa'Z/usm^m^^^^^^ fo, o,he, spray
1 ^ , 0, of (e-Miaer to eacn oi 2 one o, .a,s A„m t.gnt ;.ds oceoore
2^,1 ̂.""cKi'^tfons sp,a"1nTa°;'s,a ge^lrto m' "" "/4 teaspoon ,s equtvalen, ,o

used It ire -n,.tures are .ncompatioie test the loiiov..nQ methods ol moiovmo rnm "" •* sprayed as long as good agitation is
or IBI add 1,7 ol ,t,e ;,.,i.pa„t„i„v ,„jen, ,o tne fe.tHi.-er and it,e other W tT'he eTi^t r """* "O'b'P'deHI m erater belote addition,
mi.ture II ,rcon,pat,D.iitv ,5 st.ii obse-.eo do not use the ni,.tu,e emois,l,aCie corntentrate or llowaOle herbicide belore addition to the

or Single or mned c-op-j* nvid 0,?"^'!'',amririSotreml'gTncraJaTe^lUer ipetroteonvdorived. petroleurrvderived oil concentrate,
certain cono,t.ors the use ol either type ol 0,1 may senousi? miure the cim To m n swgtdm may improve meed control However, under
Use one ol the tuilowirig properly emulsil.ed c op o min.mi:e this QOiUaUX^. obs«rve (he foHowmg drfea«ns
1 ^ 5uiiacie Oil concof^trate contoir.inn I«»a-I ! 4L K .
2 Purroieunvderi.ed oa conraining ai leasi 1% suitable emu'i^°,T'^" blend

'  zE^^ESH: E' :
lull Increase ag ianoh ,1 necessary to mam,am surtace achon ,7, Add Im.uM.abm nV n ''"'"9 """ 90%
ouQhty stjsporidcd 181 Finish l.llmg tank Ol En.pty tank as compieieiv as nnsstsi^^* herbiCidefst afier this pfoduci is thof-
rfcs.due Mamiam agitator to avoid separation ol materials itoi II an o!l or ̂ us Ui^^ '* 'f concentrate

. stiuhg detergent solution or solvent HI) Clean spiayei ihotougniy immediately alter uLhllTyh!^'" '°
rrotational Crops - All Uset; ill Co ,701 rntue m m •'"'•'''g system with waiei containing a deiergent10. JO hoi rotate wrtn crops diner than corn or sorghdm\hrr,eMTedf 0" cIoTrT,^"' ®"e'

Vrest where ramlail is sparse and erratic or where irrigeiion is reauired use -,d 'n. '"'®™<"J"'ain feas ol the
Uhireated Cdm or sorghum ,s to precede other rotational cops (41 in ol ii^'nJ' " so'Slidm or when a crop of
if ir e ate applied to corn or sorghum was more than 2 2 poundsi'A or eouivaiem oanr "sstern MN. and NE. do not rotate to soybeans
.0 soyoeans planted the year tcitcwing .,po„c,i„on on s.ji^ hav^a 'alcre^us sTar; ,f 1^ 1^' '"""V

Bro^dle.f end Q*a*rWMd,''co,!tr"o*iI^r'''°"'*''' Pottemeroenc. el 4 ptnJA With Oil)
barnyaragrass wild oats n ..
Iwatergrassl"* witchtjrass cdcs.eDur annual mormogglony lagwMd

giant lo.taii" rPamcum cap.//a,ef • • Qroonocherry mustards srcklepod"
green loxtarf" yellow fo.taii-" k^n r*^®® nrghtshade veivelleal
large ihairyi crabgrass" , . pngweed Ibultonweedl'"

lambsquarters purslaneoatemergence with Emuliiriable Oil or Oil Concentrate In Water let 2 4 nt. lAl
Broedleef Weeda Controlled ' ' ' *
annual mommgglory iimsonweed mustards -wcock^bu, lambsduarters p,gweed ®®"
.he lebei. the n Ttirrr ®'® -'"®'®"' "°'"

Partial control only on medium- and i.ne ie<tured soils
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Com

and praaa control): Use on fned.unv end t»ne-ie*tured so»l with minimuo>-tiildge or no-tillage sysioms
only 'O CO lA. iL. iN. ICS, KY. MN MO MT, NO NE SO Wl. and WY Apply the recon^mended rate of Airattne 4L shown »h Table 1 up to 45 days prior
to planting On wOa/se-fe«fured so»»s do not apply more than 2 weeks pnor to pianimg If an unsatistactofy length of weed control results from adverse
environmental cor^ditions 'oHow-ng early iieaiment, i follow up application of an appropriately iaoeietf herbicide may be used If the foHow-up treatment
includes atiazine. dc not e*ceed :ne labeled 'ate tor coff> indicated <n Table 1

If weeds are present at the t-rr.e af treatment, apply in tank mi* combn^ation with a contact herbicide tfor example. Gramoxone* Extra or Roundup*)
Observe directions *0f use precautions and restrictions on the label of the contact herbicide

extent possible do not move treated soil out of the row or move untreated 50«l to the surface during planting or weed controf will be
diminished.

Preplerst Incorporated IBroedleef end grets control): Broadcast <n spnng after ptowmg at rate in Table 1 Apply to the Sdl and incorporate
beiore during, or aMer final seeobed preparation Avoid doep incorporation For best results, apply with.n 2 weeks pnor to planting
Proomergence or At PUnling (Broedloef end graas control): Apply during or shortly after planting bt*fofe weed emergence, at rate m Table 1
Poetetnergence (Broedleef end greet control): Apply before weeds exceod I 5 nches in height and before corn exceeds )2 inches m height

at rate n Tat^ie i

Teble 1: Broedleef end Greet Weed Control In Corn*
FOR ALL SOIL APPLICATIONS PRIOR TO CROP EMeROENCE
• On Highly Erodible Soile (as definad by SCS)

If conservation tillage is practiced. leavir>g at least 30% of the soil covered with plant residuas at ptaniing, apply a maximum of 4 pts /A as a
broadcast spray • f k
If the soil coverage wuh plant residue is less than 30% at planting, a maximum of 3 2 pts /A may be applied

* On Soile Not Highly Erodible
Apply 4 pis /A as a broadcast spray

FOR POSTEMERGENCE APPLICATION
If no ai'azme was applied prior to corn emergence, apply a maximum of 4 pts/A broadcast If a postemergence treatment is required following an
earlier herbicide application, the total atranne applied may not exceed 2 5 'bs active ingredient (5 pts of this product) per acre per calendar year.

• fl.'OdJ/i jf conrro/ eastern CO. western KS. western NC. NM. OK panhandfe. wosf 7X and eastern WT) On sand, foamy sand, sandy loam, mild to
stiongiy alkaline soil, and alt recently leveled soil, apply no more than 2 4 pts/A. either preplan! surface, preplan! incorporated, or preemergence On
otfier soils in these areas, apply rate m Table l for broadleaf and grass control •
Whce there are state/local roquiremenis regarding atrazine use (including lower maximum rates and/or greater sotbacksl which are different from the

label, the more resinciive/protactive requiremehis must be followed. Certain states may have established rate limitations withm specific geographical
areas Consult your state lead pesticide control agency for additional information It is a violation of this label to deviate from state use regulations.
Poetemergence with emuleiflebl# oil or oil concer>treto in water: Add the following volurne of one of thie type oils indicated for aerial or

ground application unless the oil >abel specifies otherwise

Typa Oil Ground Application Aerial Application
Oil Concentrate (Crop or Petroleum-denved) 1 qt/A 1/2 - 1 qt/A

PetroieumKJerived oil 1 gal /A 2 qts /A

Note: Crop-dcnved or petroleum-denved oil concentratos should coniam at least )%. but not more than 20%. suitable emulsifier or surfactant blend
Petroieumdenved oils should contain at least 1 % suitable emulsifier
Broedleef and graee eontro): For postemeigcnce control of those weeds listed under Praplant Incorporated and Proamerganca. broad

cast 4 pts /A plus emuisifiabie o«l or oil concentrate after weed emergence but before weeds reach 1 5 inches m height and before corn exceeds 12
inches in height

Broedlaaf control: For postemergence control of those weeds listed under Poetemergenca with amulaifiabia oil or oil concantrata In
watar. broadcast 2 4 pts /A plus eniuisifiabie oil or oil concentrate before pigweed and lambsquarters reach 6 inches m height and before all other weeds
reach 4 inches m he-ght A cultivation may be necessary if all weeds are not controlled or if weeds regrow.

Precaations for arp''ca('ons wrn emutsifiaote oil or oii concentrate in water (II inbioo /ines or arty oreodirtg stocK rnay be severely irifured by appf^
cat'cns with emuisifiaoie oii or oi( concentrate i2i Aaomg other insecticides herbicides, hqoid lertihzers. or other rnateriais 'S not recommenifod. because
they may cause >.ornpatibility problems or crop miury (3) Store and handle entulsihahle 0*1 ano oil CO/Kontrate carefully Oil contamrnafed with even a
sn^a■l amount of ware' may not emuis-fy pioperiy when added to the To avoid crop iniury. (4/ Do not appfy when crop is ur>der stress from pro-
longed cold, we: weather, poor fertility, or other lectors, or when crop is wet and succjient from recent ramfail 151 Do not exceed 2 5 lbs active ingre
dient ior 5 pfs of fh-s ptoducti per acre per catendar year i6i Postemergence appiicatiorys to corn must be made before corn exceeds 12 mches in height
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This cxoduct may be lank mi*ed w"ih these he»btC'des 'or control of cenam broadieat arnJ grasa weeds m corn
Dual* imetoiachtcr)
Dual * Gramoxone Extra
Dual * Roundup (giyphcsatei
Dual ¤ Pfinceo*
Dual * Pnncep * Grai'noxone Extra
Dual ¤ Prmcep * Roundup
Bexton* or Ramrod* (prooachlori
Lasso* or Lasso EC 'a'achiori

Lasso or Lasso EC * Roundup
Lasso or Lasso EC > Gramoxone Extra
Gramoxone Extra
P'lnrep
PrtrKep ¤ Gran^oxone Extia
Pfincep » Roundup
Roundup
Sutan

Use tank m»* directions appearing on the iabe's of the above herbicides when tanx mtxing with this product Observe all precautions and 'imitations
on labe'ing of products used in a panicuiar tank mix

NOTE: When the ̂ aoets of the atxjve herb.cides refer to Aifa.-me 80W. use equivalent rates of Atraime 4L One pound of SOW equals I 6 pmis of 4L
PHncep BOW, Priitcep 4L. or Princep CeJiber 90*
In addition to the we^:-ds listed under Atreilne ♦L Applied Alone - Corn or Grain Sorghum - PrepUnt Surfece-Applled, Preplent Incor

porated, Of Preomergence. ttis combination also controls cralDgrass fall panicum, and carpetweed
Broadcast tank mi* before planting at planting, or after planting, but before crop and weeds emerge, at 'ales m Table 2 Use the 1 1 ratio for control

of most weeds Use the 1 2 ratio for expected heavy infestations of crabgrass and fall pamcum Cultivate shailowfy tf weeds develop
Preplent Surfece-Applied: Use on medium- and fme textured soils wun mimmuin-tiilage or no-lillage systems only m CO. lA. IL, IN. KS. KY f^N.

MO. MT. ND. NE. SD WI. and WY Apply the recommended rate of Atra^ne 4L and Pnncep shown m Table 2 up to 45 days pnor to planting Refer to
the Atra^'oe 4L alone section for information if weeds should develop following the early treatment On CMfse texiured soils, do not apply rnore than 2
weeks pftor to planting Refer to the Atreilne 4L Applied Alone - Preplent Surfece-Applied section of the corn label for acJditionai details

If weeds are present at time of treatment, apply m a tank mix combmanon with a contact herbicide (for example. Gramoxone Extra or Roundupi
Observe directions lor use. precautions, and roslnciions on the label of the contact hoibicido

Note: To the extent possible, do not nnove treated soil out of the row or move untreated soil to the surface during planting or weed control will be
diminished

PrepUnt incorporated: Apply to the soil and incorporate m the spring before, during, or after (mal seedbed preparaticn Avoid deep incorporation
For best results, appfy wiihm 2 weeks pnor to planting

Preemergenco: Apply during or shortly after planting, but bclcre crop and weeds emerge
Refer to Corn sections of this 'abel and to Pnncep BOW, Pnncep Caliber 90 or Pnncep 4L labels 'or further directions, limitations, and precautions

TabU 2: Tank MUturaa with PHncop on Corn

Broadcaat Rat«/A

Soil Toxturo
1:1 Ratio* 1:2 Ratio**

Thie Product Princap BOW* Thia Product Princap BOW*
Sar^d. loamy sand, sandy loam 2 pts 1 25 lbs 1 32 pts 1 67 lbs
Loam. Silt loam. silt. day loam, sandy day
foam, siity clay loam, sandy clay, or silty
day with low organic matter

2 4 prs I 5 lbs 1 6 pts 2 lbs

Loam. Silt loam. silt, clay loam, sandy c'ay
loam. siHy clay loam, sandy clay, or silly
day with medium to h»gh organic matter
and clay (including dark praine soils of the
Corn Bell)

3 pis 1 Bibs 1 92 pts 2 4 lbs

• For control of most weeds
• • For control of expected heavy infestations of crabgrass and fa" panicum

'When using Pnncep Caiibei 90 (x Pr.ncep 4L. use equivalent .ates One lb p( Pnncep SOW equals 0 9 ib of Pnncep Caliber 90 pt 1 6 pts e( Pnncep 4L
Princep SOW. Princep 4L. or Princep Caliber 90 plus Roundup; Use as lank mixture Iptpteemeigence and postemergence contipl of cer-

ain tvoadieal and giass xveods wtieis com null be planted directly ,nio a covei crop, estjoiished sod. or m ptovious crop lesidues Reler to Roundup
label lor ail duections. meeds controlled, piecauiions. and limitations

Princep 80W, Princep 4L. or Princep Caliber 90 plus Qramoiiona Eatre; Use as lank mixture with Princep and Gramoxone Extra to kill
existing vegetation and Ipr residual weed control where corn will be planted directly mto a cover crop, established sod. or m previous crop residues Add
this Di^uct and Pnncep to water m spray tank, agitating until thoroughly mixed Then, add Gramoxone Extra and a nonionic surfactant such as Aqua-
gerie 90 Continue ^.ration dunng application Broadcast 2-4 pts of this product plus I 25-2 5 lbs of Pnncep BOW (or 2-4 pts of Princep 4L, or t 1-2 2 lbs
of Princep Caliber 901 plus a suitable amount of Gramoxone Extra m 20-60 gals of water per sprayed acre Refer to the Gramoxone Extra label fot the
aotxwiate rates to ut.li« m this tank mixture Apply before, during, or after planting, but before corn emerges Add 0 5 pt of a nomomc surlaclant, such
as Aquagene 90. per 100 gals of spray mixture Use the higher rate of Gramoxone Extra soecified on the label if existing vegetation is 4-6 mchos tall
This mixture will not control weeds taller than 6 inches » -xi •
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He(«r 10 iimiiitions jnd piacauiicns on laMis lot tnu Dtoduct. Pnncao. ana Gramo«ona E»tta
P'ecautions For jil aoC'canons ro coin (li To avoid cop n,un, and ./legal res'dues, do not apdy mote than 2 5 lbs,'A active ingredient IS pts /A o/
IS pioductl per calendar rear i2l For best control of reivetieat and cockiebvi the application rate cannot be less then 2 lbs ,'A active ingrebieni, either

alone or m tank mt combinations i3l Following narvasf plow Imoidboaid or disk piowl and thornngniy till soil m leil or spring to mimmire possible
in/ury to spring-seeded rotational crops, regardless of rare used

Note for all applications to eorn; Do not graze or feed loiage Itom neaiaa areas loi 21 days tollowing appiicanon. or illagal rasiduas may laaun
lorghum and SorBhum-aaiitoii Hybrida [Crain and Tongm 1Vp««) ~ —

n  •"«' B'aaa control): Usa on mediom- and Ima taxtufad soil with mmimunn iillaga of no-tillaga sys-o. s ony m CO lA. IL^ IN. KS. KV MN. MO. MT. NO NE SO. Wl. and WY Apply !ha racommandad rata ol Airazma 4L shown m TaOla 3 up lo 45
days p/ioi 10 piannng if an unsaiisiaciofy lengin ol weed connol results Irom aduarsa envuonmanial conditions tollowing aaiiy tioatment. a follow-
up application 0 an apptopnaieiy lauded herOicida may Ua used if the foilow-up tieaimant includes atranna. do not exceed the labeled rata lor corn
I dicaiad in laoie Undei dry conditions, irrigation after application is recommended to move Atratina 4L into the soil

I-IK ""u' ireainient. apply ,n a tank mix combination with a contact haibicida Ifor example, Gramoxona Extra or RounduplObserve directions for use. precautions, and restrictions on the label of the contact herbicide
Note: To the extent poss bie. do not move treated soil out of the row or move untreated soil to the surface dunng planting or weed control will

oe Oir**iinisn©o

Prapl^t Incorporated IBroadleaf and grata control); Broadcast m spring after plowing at rate shown m Table 3 Apply before durino or aflar
ma seedbed preparation if soil is tilled or worked after application avoid deep incorporation For best resutts. apply within 2 weeks prior to ptanimg.
Praetnargenca or At-Planting IBroadleaf and graaa control): Apply during or shortly after planting, but prior to weed or crop emergence

■1 rdte snoMO in idDi© 3

Pottamorgance (Broadlaaf and grate control): Apply at rate shown m Table 3 before weeds exceed 15 inches m height and before
sofghum exceed^ 12 mcnes .n height *

Table 3; BroedUef end Greet Weed Control in Sorghum*''
FOR ALL SOIL APPLICATIONS PRIOR TO CROP EMERGENCE
• On Highly Erodible Soils let defined by SCS)

If conservation tillage .s practiced, leaving at least 30% of the soil covered with plant residues at planting, apply a maximum of 4 pts/A as a
broadcast spray • rp- r k ' «•
If the soil coverage with plant residue is less than 30% at planting, a maximum of 3 2 pts /A may be applied.

* On Soiie Not Highly Erodible
Apply 4 pts /A as a broadcast spray

FOR POSTEMERGENCE APPLICATION
If no atrarine was applied prior to sorghum emergence, apply a maximum of 4 pts /A broadcast If a postemergence treatment is required
following an earlier herbicide application, the total atrazme applied may not exceed 2 5 lbs active ingredient 15 pts of this product) per acre per
calendar year

'Do not apply pieplant surface or preplan! incorporated m AL AR, FL, GA, LA, f^S, NC, Nfvt, 0<, SC. TN, or TX Do not apply preemergence m Nfvt,
OK, or TX, except in rrorlheast OK and the TX Gulf Coast and BlacKlands areas.

'Where there are state/local requirements regarding atrazine use (including lower maximum rates and/or greater setbacks! which are different from
the label, the more restrictive/protective requirements must be followed Certain states may have established rate iim.tat.ons withm specific geo
graphical areas Consult your state lead pesticide control agency for additional information. It is a violation of this label to deviate from state use
regulations

In case of planting failure, sorghum or com may be replanted Do no! make a second broadcast application, or iniury may occur If ongmally applied
in a band and sorghum or corn is replanted .n untreated row middles, ih.s product may be applied m a band to the second planting provided the max
imum application rate of 2 5 !bs ai/A atrazme per calendar year is not exceeded.

Pr««m«rg«nc* broadlaaf waad control in furrow Irrigatad baddad iorgltum (A2 and CA only); For preomergence control of many
broaOleaf weeds broadcast 1 6-2 4 pts/A after bed preparation, during or after planting, but before sorghum and weeds emerge and before the first
furrow irrigation Follow with several regular irrigations, making sure to thoroughly wet all soil.

Precautions for preemergence epp/icenon ro furrow irr.gered OeMed sorgOum ,n AZ and CA. To avoid possibie sorghum m/ury. do not use on sand
or loamy sana soil or on so'gnum planted >n furrows ApphcaTions to sorghum growing on alkali soifs or where cuts, fills, or erosion have exposed cal
careous or a.kj.'f Suoso./s may cause crop ,n,uny In case of crop failure, do not replant sorghum for 8 months following application Corn may be
planted -mmedfafe'y » r

Poetemergence broedleaf weed control with emuleifiabto oil or oH concontrete in wetor Broadcast 2 4 pts /A for control of many
Droadieaf weeds Apply oefore pigweed ana lambsquarters reach 6 mches m height and before ail other weeds roach 4 mches >n height In CO. west-
em KS NM. OK. TX. and desert regions of AZ and CA. apply when sorghum is 6-12 inches m height In all other areas, apply after sorghum reaches
the 3-iedf stage, but before it exceeds 12 inches m height Add i gal of emulsifiable oil per acre 'or ground application and 0 5 gal /A for aenal appie
cation. or add l qi /A of oil concentrate for ground application A cultivation may be necessary if all weeds are not controlled or if tAreeds regrow
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« - c-'- •' <"•"« - p-.t««^«c wm. E™...MUbi. o<i

uZTJ^J '" -Pr«a.,Kv« ,c smuls,!^ o.> or cooc«>
only): B(oa<^i 2 4 pis/A'JlTs'o^sT'sp'r'oUu^u^inBnoraV m^' "h"*/" h"' *'h'' °*' "'•••'* "Btons of AZ and CA
Apply only on sandy loom and liner textured soil sorghum reaches 6 mches m height, but before weeds exceed 1 5 inches m height.

■n Stfwj 'UTOW festi(f,ng « Cto ^t7pZ"^umZ'Z'i°'!i'"'"t "cessive concennnions ol herbicKSo
or seoo >UTOWS Before appiicjhon (2i Aaoftceiort to sorahum mnrA,,^ ^ sorghum uniit furrowe ire leveled fptoered ml Level deep plenter merks
highly calareous sal may result m crop miury 131 FaicMmo fun/« r "iH r '"1*11 """<* element deliciency or to sorghum growing onmice possitie n,ury to sprm^seededZtaiZl XT°Zi^Z7ofraTsT^f^''' " "» "» o' spring toZnemcaajraiea a preen.ergence and an at planting systimc msecticde anrvZ , preplant surface preplan!eriiSpis 01 this producti per acre per calonda^year i6IFaaltsr^t7777Z '^"" ISI Do not apply more than 2 S lbs active mgredr-soighum ,n AJ and CAi. do not apply to coarse textured sals 1 a sJZZ^^TlZ lo'cept for preemergence use on beddedthan 1* agar„c matter, or .n,ury may occur I7l Fa oostemeraenee anr'vZ " Z f""- ""o medium- and linetextured sals having less

Note Do oot nixru V ri i "os'emergence applicatiais. do not apply to sand a loamy sand, a in,ury may occurNox. Do not giare a feed totage I,cm ttea.ed ateas to, 21 days to.lo,.,na aoot,ca.,on o,
lOMfc M)«nifo« for Praia SonHnnii ^ ———

onlv on S0(9t>um seed iieated with C^eo* ReTe'il^l'hl rl, tnixiure
—  neiet to ine Dual BC laDel lot all diteciions. ptecautions. and limiiations
Winter Weed Coetml ——————

lands ol rx" ZZ"oVt7i% ̂ s'I^met^nw^^lhe wee« .n^Noverni*'"'"'
soiyhotn the loHowmg spt.ng Foi Best results add a s iahi« I <*111 Oe planted to cotn, gram sorghum, or forage..aoie 0,1 at the rate u? I S'%'ol ."ata^^.'^r^^t^^rn^etrr:! "rtafa °

Normal nteed control programs may be used m the loHowmg corn, gram sorghum, or loraga sorghum crop

under mrn.rr.um triiage broadcas?6°pts M^Twhea^shJbb'lo"^^ weeds lollowing wheat harvest and rn the lollowrng sorghum crop when grownwrth a sweep prow or other Surtaute mpreti^ent aiUr aootcatr^^^^^^^^ T^" *'® *' 'amove them
Plant sorghum ,nio wheat stubble the loilowrno sonno^nh mom an app,oued contaci herbrcrde bolore or alter the applrcalion ol Airaarne 4Lweeds are presen, a, plantm, 'errlay%:rwVh~Zr.h^°;^t^r^^^^ 'c:iVpZZ " ' ^ "
Incorio^Ved. rPrelZZT!,,^' *' *'°"® ' «>.H.c..Appli.d. Preplen.
low^d^Z^r^t aplX7otowi7Zs^um ZleT''''"'' " """ ^"^"■^'B'^^m-lallovy cropping sequence must be foF
crop other than those®o" "r?"^^tei®^n^n^i'a'^,h5 and crop iniury. do not plant any
wrid sunltower. and yolunteer wh^a't dutin^Mr'S aher'wheaT^^ 'w^* bfome. chess), kocha, mustards, prgweed, flussan thistle, wild lettuce.

Follow direchons lor use nnres so^ ®^ ®'"®'^ «*" 9™«" minimum tillege
Wheet-Fellow-Wheet 'lCO. KS. Nd%TsD '<» ">quarters, fteid pennycress, kochia. mustard Russian ihntiu ih usu controf of cheatgrass Idowny brome, chess), common lambs-wheat (oiation, broadcast 1 2 pis lA on all sorls exceoi those Nsterf o"ri ®' ft '"PP'®asron ol volunteer wheat durrng tallow perrod ol a wheai-lallow-Appn ,0 Slubblo ground Trea, only ^e dunng ia,^ """<>1 <>• ®hP wrId sunllower. use .he hrgher rate

Tanis Mlaturee IOf"Cb«mlc»l Fellow — —
Wheat-Sorehum-Fellow or Mheet-Coriv-Fellow (KS. NEI — —

abie'a'rll^nrorG^a" o'^lrHfra TwTeT^^Ze ^ ® ""
s:;rerrrroio7ronrer:n^eroh^4^r, ,r:SS
suitable amount 0l*GraTO«onrExlia®,r2^ ZZtTh ^''"® '"®* "®®P Broadcast 1-2 pts ol Atrazine 4L plus a90 per 100 gals ol spray mrxtum Aa^ Ai^yt^al t Ta Zlt^n^Z T.^"' ^ ° ^'v"' °' ' » ̂ "®9®"«tani Use the higher rale ol Gramoxone Extra soecilied onIhelahe I «"®' Then add Gramoxooe Extra, followed by surfac-
Apply 10 siubcle ground Treat only once dunno^me lailow B f , ®r^® th""'® will not control weeds taller than 6 incheseai onry once du-ng sanw tallow perrod Rele. to Gramoxone Extra label lor lunber drrectrons. precautions, and limitatrons.
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If wMds ii« o'asent «t appitcation and this product <3 used ak>ne. use either an approved contect hert>cide before <v after treatment, or tillege after
treatrr^ent

Use ii)ia>^ ro control i^eeds ̂ hich escape dunng fallow period Till before ptantirtg For this product applied alone or m tank nruxture wvith Gramoxone
£«tra plant at '.east 2 irtches deep and 12 months or moie after application

P'ecaurions To avoid crop n^u/y. t U Do ̂or use on sand soil f2i Do nor rrear eroded hi/fsides. celiChe end rocky outcroppif^s. Of exposed celcereous
suDsoii i3i Do not rrear sons ji me Roseoud and Cenyon Senes m wesrern and edjommg count/es in CO end WY Do not freer sotis with cateare-
Ous SK^r^ece avers /5l AvdO sprey overlap

Note: Do not grare treated areas withm 6 months after application, or illegal residues may result
Aeriel eppltcetksn; in orjei to assure that spray will be controilaoie within the target area when used according to label directions, make applica

tions at a ma* mum height of '0 ft usmg low drift norfies at a maximum pressure of 40 psi. and restrict application to periods when wind speed does
not exceed tO mph To assure that spray will not adversely atlect adiaceni sensitive r>oniarget plants, appty Airafine 4L alone by dircrafl at a minimum
LCwind Jistancc of 40C ft 'lom ser.s<tivc plants

WoaKlatdew ' """" ———————— —
To coniroi certain annual weeds in established perennial grasses along roapsides in CO. KS. MT. ND. NE. SO. and WY. mciodmg cheatgrass (downy

bionie chessi, common (annual) broomwced iiiHe baiiey. medusahead sagewod. and tumble mustaid. broadcast 2 pts/A m a minimum of 10 gals of
water by giounj oQuipment n the fall ho'oie ground fieoyos or alter truwing in the spring, but before the established grasses greorv-up and before
weeds emeige Exaniptes ̂ f desnauie yjijbiished grasses :nciude big biuestem, bluegrama. bromegrass. buffalograss, crested wheatgrass. mdiangrass.
iittie biufestem. side-oats grama switchgtdss. and western wheatgrass Apply only once per year Temporary discoloration or other form of injury to th%
des.rdDie perennial grasses may occur foiiowng application

Notes: To avoid illegal residues. M) Do not cut or feed roadside grass hay (2) Do riot allow livestock to graze treated areas
SuflTC^tf

For control of many broadieal and giass weeds, including amaranihs, crabgrass. fireweed. Flora's paintbrush, foxtails, jungience. and wiregrass, broad
cast 4-8 pts /A of Atrazino 4L at time of planting or ratooning. but before sugarcane emerges Broadcast aerially in a minimum of 5 gels of spray per acre,
or broadcast or tjand by ground equipment n a mirmiufn of 20 gals /A. unless indicated otherwise One additional application may be made over the sug
arcane as I emerges, and 2 additional aponcaiions may be made mtertine after emergence as directed sprays Repeal treatments, where needed, may
t>e applied broadcast, t>aod. or .nteriii.e as suggested witfi the final apoiication bemg prior to cioso-m Do not exceed the rate of herbicide suggested for
any one crop of sugarcane

Note: Where high rates of Atrazme 4L are used alone, apply in a minimum of 1 qt of water for each 1 qt. of Atrazlne 4L applied per acre
Aeriel eppllcetion: in order to assure that spray will be controllable within the target area when used accordii^ to label directions, make applica

tions at a max-mum height of 10 ft . uSing 'ow dnft noz/tes at a maximum pressure of 40 psi. and restrict application to periods when wind speed does
not exceed lO mph To assure that spray wll not adversely affect adjacent sensitive nontargei plants, apply Atrazme 4L alone by aircraft at a minimum
upwind disiar^ce of 400 ft. from^sensitive plants

Florida

^or control of emerged peiiitory weed Apply 0 8-1 2 pts /A in at least 40 gals of water as a directed spray by ground equipment prior to dose-m. Add
4 qts of Surfactant for each 100 gals of spray Thoroughly cover weed foliage
For control of aiexandergrass. large crabgrass. peliitory (artillery) weed. ar>d spiny amaranth, use one of the foltowing methods at planting or ratoonir>g:
1 Apply 8 pts /A preemergence Follow with 1 or 2 applications, as needed, postemergence to sugarcane and weeds, at 4 pts /A'. Treat before weeds
exceed i 5 inches -n height

2 Apply 1 -3 times, as needed, at 4 pts /A postemergence to sugarcane and weeds Treat before weeds exceed 1 5 inches in height.
Louisiana
For control of annual weeds during the summer fallow period, apply 4 pts /A to weed-free beds immediately after bed formation. Follow normal weed

control program after planting

Precautions To avoid croo n/ury (1/ Do not apply more than 10 qts/A to any one crop of sugarcane i2) If making 4 ptsyA application dunng summer
failovv per od. do not exceed 3 qis ,'A dunng the rentainder of the growing season, or illogal residues may result.
Teaaa

Use Atrazme 4l tor control of barnyardgrass. pigweed, purslane, and sunflower, in plant or ratoon sugarcane.
Apply 9 pts .'A of Atrazme 4L preemergence Follow with 1 or 2 applications, as rieeded. at 6 pts /A post-emergence to sugarcane and weeds
For t)est esuits when weeds aie omeiged. add a nonionic Surfactant at a concentration of 2 qts /100 gals, to the spray and apply before weeds exceed

t 5 inches n height ' -

Precautions lU Infury ro sugarcane may -^Cur when under moisture stress, when soil is of dw absorptive capacity, or when land is first cropped to
Sugarcane '2' Do not apply after ciosem (3) Do not apply more than 20 pts/A to any one crop of sugarcane, or crop injury may result.
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TMrtBrm—— tor %od (Hortda o«ly)
St. Au9u«1ln«9r«M. C«ntlp«d«9rau, and ZoyaUgraaam%. *««»«wviin*9raaa, wanifpaoa9raaa. ano Myain9raaa

Broadcast 4-8 pts /A according to soii taxiure to control those weeds listed under Atraxinn *41; Appllad Alona - Com or Orain Sor9liiMn •
^raplant Surfaco-Appllod, Praplant lncor|>oratad, or Praamarpanea

Muck or peal 8 pis Old beds Within 2 days after liftir>g sod
New beds 3-4 days after spnggmg or pluggir^g

Sandy soil 4 pis
Old beds Withm 2 days after lifting sod
New beds 7-10 days after sprigging or pluggir>g

If weeds 'egrow, apply an additional 4 pts /A on muck or peat, or 2 pts /A on sandy soii.
Precsutions To avoid crop n/ury. (1} Do nor appiy wirnm 30 days pfior to cutting ot fitting (2) Do not apply m comt)»rwron with surfactants Of other

spray additives (Ji Use only on lurfgrass reasonably free ot mtesiations of msects. nematodes. and diseases (4) On newty spngged turfgrass. tempo
rary stowing ot growth may ̂ oilow application

Tiiflpmaa lor Falnaaya, Uama, Sod Productloo', and SlinlUr Amaa
In states other than FL For use on turfgrass for sod in FL, see Turfgrasses for Sod (Florida only) section.
Barmudagrata, Cantlpadagratt. St. Auguatinayraas, and Zoyalagraaa
Apply Aira^ir^e 4L after October 1 befoie emergence of winter annual weeds for control of annual btuegrass. burciover. carpet burweed. chickweed

corn speedwell, henbit, hop ckJver. and spurweed Aira^ine 4L will control annual bfuegrass even if it >s errterged at tirna of treatment For control of
annual weeds listed .n the preemergence section of the Atrazlna 4L Applied Alona - Com or OraIn Sorghum section of this label, also

appty Atra^me 4L m late winter before the weeds emerge Apply in a minimum of 15 gals of water per acre or 1 gal. per 1,000 sq ft.
Where annual biuegrass is the maicr weed, use 1 qt /A (22 ml or 0 75 H o: per 1.000 sq. ft) Use 2 qts/A (44 ml or 1 5 M. 02 per 1.000 $q ft) for

control of the other weeds named above Do not exceed 1 qt /A per treatment on newly spngged turfgrass or on hybrid bermudaorass such as Tiflawn
i.tway, and Ormond

For continued summer annual weed control, apply another 1 qt /A at least 30 days after the previous application, but r^i after April 15 However do
not make more than 2 applicaiions of this product per year
Pr^ai^oos On newly spngged turfgrass and hybrid bermudagrass. temporary slowing of growth and yellowing may occur following application. To

avoid fort 'n;o^ (ft Use only on turfgrass reasonably froe of infestations of insects, nematodes. and diseases 121 Do not use on golf greens (31 Do not
use north of NC (^cept may be used m VA Coastal Plains) or west of the high rainfall areas of easfern OK and eastern TX (4) Do not use on muck or
alkaline s^is (51 Do not apply over the root.ng area of trees or ornamentals not listed on this label i6) Do not overseed with desirable fortgrass wnhm 4
months before or 6 months after treatment (71 Do not appty this product to newly seeded bermudagrass until it has overwintered and has a well-devel
oped rhi/ome system. Do not exceed 2 qts product per acre within 12 months of seeding bermudagrass
Note: Do not gra^e or feed turf clippings to animals, or illegal residues may result

jVUecademla Nuta
For preemergence control of many broadieaf and grass weeds, including crabgrass. foxtail, wiregrass. Flora's paintbrush, spanishneedles. and lira-

weed. broadcast 4 8 pts /A before harvosi and before weeds emerge Repeat as necessary Do not spray when nuts are on ground during harvest period
Do not apply by air w

Ouava

Use only on established plantings which are at least 18 months old Apply as a directed spray at 4-8 pts /A of Airazme 4L m 20-50 gals of spray mix
preemergence or earty posiemergence to weeds When applying postemergence. the use of a surfactant and greater spray volume (80-100 gals of spray
mix per acre) may enhance weed control This product controls many annual broadieaf and grass weeds including fireweed purslane scarlet pimper
nel. spanishneedles. and sowthisile

Notes: To avoid illegal residues 111 Do not allow spray to contact fohage or fruit (2) Do not apply more frequentty than at 4 nKmth intervals (3) Do not
apply fTKire than 16 pts of Airazme 4L per year

Cowtfem

For control of annual broadieaf and grass weeds pnor to transplanting, after transplanting, or m established conifers (including Douglas fir. grand fir.
noble fir. white fir. Austrian pme. bishop pme. Jeffrey pine, knobcone pine, lobioify pine. kxJgepole pine (shore pine), monierey pine, ponderosa pir>d.
Scotch pme. slash pme. blue spruce, and Sitka sprucei Broadcast 4-8 pts m a minimum of 5 gals ot water per acre by air or 10 gals by grourtd before
weeds are i 5 mches tall Apply to established trees between fall and early spring while trees are dormant For new transplants, apply during or soon
a ter transplanting For applications pnor to iransplantmg, allow sufficient precipitation to activate Atrazme 4L before transplanting, in areas where spring
and Summer ramfall is ir\adequate to activate Anazme 4L. apply during fall prior to spring transplanting

For the list of weeds controlled, see Atrexlne 4L Applied Alone - Com or OraIn Sorghum - Preplant Surfaco-Appllad, Praplant Incor
porated. or Proemergance ^
Quackgraae control Broadcast 8 pts m a minimum of 5 gals of water per acre by air or 10 gals by ground between fall and early spring while tree:

are dormant and before quackgrass is more than 1 5 inches tall

Precautions (11 In areas wesf of the Rocky Mountains (except the Great Basm). graimg rr\ay begin 7 months after a fall application or 3 months after
a winter or spnng application (21 To prevent illegal residues, do not graze treated areas of the Great Basm. or areas east of the Rocky Mountains (3)
lemporary m/ury to trees may occur following use of Atrazme 4L on coarse textured soil (4) To avoid crop miury. do not apply to seedbeds (5) Also apply
only once pet year '
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Aertal •ppltMtlen: in ofder to assure tr^at spray will be controllable withm the target area when used according to label,dtractions, make appiice-
iions at a nr\aximum height of 10 ft above vegetation, using low drift no22ies at a maximum pressure of 40 psi. and restrict application to periods when
wind speed does riot exceed tO mph To assure that spray will r>ot adversely affect adiacent sensitive noniarget plants, apply Atra^me 4L by aircraft at
a minimum upwind distance of 400 ft. from sensitive plants

tTORAOE AMD DISPOSAL

Storage
Grour>d water contamination may t>e reduced by diking and flooring of permanent liquid bulk storage sites with an impermeebfe material.

Peeticide DIepoeel
Do not contamir^ate water, food, or feed by storage or disposal, or cleaning of equipment. Open dumping is prohibited Wastes resultir>g from the use

of this product are acutely toxic Improper disposal of unused pesticide, spray mixture, or nnsate is a violation of Federal law Pesticide, spray mixture,
or rmsate that cannot be used according to label instructions must be disposed of according to Federal. State, or local procedures For guidance in proper
disposal methods, contact your State Pesticide or environmental Control Agency, or the Hazardous Waste representative at the nearest EPA Regional
Office

Conteiner DIepoeel
Triple rinse (or equivalent) and offer for recycling or reconditioning, or puncture and dispose of in a sanitary landfill, or by incir>eration. or by open burrv

ing. if allowed by state and local authorities if burned, keep out of smoke

For mmor sptHs. leaks, etc. follow ail precautions indicated on this label and clean up immediateiy Take specia) care to avoid contamir^ation of equipment
arid facilities durir>g cleanup procedures and disposal of wastes In the event of a maior spiN. fire, or otfier emerger^. cat 1-60CM24-9300. day or night.

WARRANTY AND LIMITATION OF DAMAQES
Seller warrants that this nr^ateriai conforms to its cr>emtcai description and is reasor\abfy fit for the purposes stated on the label when used in accor

dance with directions urKfer normal conditions of use and Buyer assumes the risk of any use contrary to such directions Seller makes no other express
or implied warranty, including any other express or impiiod warranty of Fitneaa or of Merchenteblllty. and no agent of Seller is authorized to do so
except in wrttir>g with a specific roferenca to this warranty In no event shall Seller'e liability for any breach of warranty exceed the purchase pnce of
the nnatenai as to which a claim is made 1421294

Caliber 90*. Concep*. Dual*, and Prmcep* trademarks of CiEA-GElGY Corporation.
Bexton* trademark of OowElanco
Gramoxone* and Sutan t* trademarks of ICI Americas
Lasso* Ramrod* and Roundup* traderr^arks of Monsanto Company.
CO-OP tradennark of Universal Cooperatives. Inc
UNIVERSAL COOPERATIVES. INC . MINNEAPOLIS. MN 55440
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APPENDIX B

MSDS of Dursban®
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Chemsico, Division of United Industries Corp.
P.O. Bo* 15842, St. Louis. MO 63114

Material Safety Data Sheet
Comptiei with OSHA's H»2»nJ Communiciuon Sandant. 29 CFR 1910.12(X)

Hazardoot Matctial Mentincatioa
S]ntcaa.OIMlS)

HEALTH - 1 REaCTTVITY - 0

FLAMMABtUrr n ] FEUONaL n RuMsr
|k>ves. fbce mask or
|0Ui»

I Trade Name: Ace Dihitable CoDceimte Dursban Insect Spray

Product Type: U<]uid Dduubie Cooceocrate Insecticide

EPA Rejistratioo Number

33955-547-9688

Maiuifacturtr

Chemsico
8494 Chapin Industrial Drive
St. Louis, MO 63114

Eaergeacy Teleptmoc No.

far CSmli il Eacrjtacy:
ft fafomttttMR;
Prvyarcd Vf-
0*U fptperti;

&X. NoU
25. 1996

D Hazardous Ingi rdicntvldeolity Informatioa

CSetmcai

Xvkoe

/1330-20-7

ChJorpynfos
CAS n92\JiS.2

%

6 62

OSHA PEL
100 pptn

ACCtH TLV
100 pptQ (&ka)

0 2 (skin) 0 2 (Uan)

rv FVe and Explosion Hazard Data

HI PbysacaJ and CbecuicaJ Charactervtics

Apfx«raAc« tmi 06t: Oeir «nw colored liquid. OOofpyrefoi odor.
ftodLng P«tai:
k<dbu| P«teL
Vapor Pronrt:
SpvVk Cnreity:
Vapnr DeMty;
% V«Mk f^)x
SotttbOkj Ib WM«r
Craporstioo ftMt:

265'F
MA

NA

0tS(H,0«l)
p«aier diiia 1 (Ajr« 1)
90%

caiubifies n wisr
ku duo 1 vBufyl .kccos n 1)

V Reactivity Data

FU&a Poiitf;
njLxoc Lacosloe:
FUmouble UnuU:
.kuloig7u<5eo TccDp.;
Flrc Eixtlii|>jishin^ Vfodia:

OeeocnpositlaM Temp.:
Spedo) F\r«-F1^tlaf Proctdura:

UousuaJ Flrt and Eiplosios EUoards;

WFvTCC)
S/A

H/A

N/A

Viler Fof. Carton Dwiide.
Dry (Themic^
N/A

ICnep conuioen cool id ivod
explcsve iftuoon. Use ntf-
r.ominrd breuhing ipft^i'uui
a enr'osed ires. Dike i-eo «
pfTveni niDoff. lire

StzbOktr-
Potymoitatloo:
CaodkiMM 10 AfmA:

locompoUbk Mjuriok:
Hazardous DecompocOoo

or Byproducts:

Sable

Will ikx Tccuf
Now.

N/A

Carboo dioude, camoo (Doouude.
orisAic suifkka. ̂ yarofro cUonde.

Vapors are beavicr dun av
and dity travel aioa| (TQund B
fniooo sources disore ̂ tn

tuodlini POOL Vapon aod
IWnes Kuy be boza/doei.
Also sec SectKM V.

VI Health Hazard Data Vn Precautions for Safe Handling and Use

tn^esuon 'SwaAowtnt^/; May be taoi f s»ai)owed rinJ kid; Call a
pbysKun )r Poison Control Cereer Do soc reluce
vomior^ yrcjuse )( pouibic isptnoon baufd.

Stun CMitaci: Maybe niunous f absorbed luough Uin F\rfl
.Aid: Remove :onamjuied ckxbinf and
mmcdicateSy *asA siun ••ih pkfKy of soap and
vater

E»« Contact: May be Ji|urxjus co eyes rir« Aid: Rush eyes
«iLh plervy .sf «ater and call a pOystcun.

Inhabtioo Toncity; Do not breathe »apors or spray sum Rra Aid:
Remove s fresh air if sympcoou of cholincstcraae
inhibiooft appear and get medical aaerewn.

Special Notes: Chlorpynfos is a chdinesterase jViibox Treat
symptomaocally. Atxopuie only by jsfeco'^ is an
aniMkxe.

Heahh Condilioos .A^avated by Eapoeurc: Now
lo^edirnts tbacd by NTP, OSHA or lARC

as Carcmogeoi or poteoUal cardoogeia: Now

Steps to be Taken in Case Moterul is Released or SpiOed:
Avoid breaching vapon. Remove gruoon sources. .Avoid skin conowt
«iih liquid Soak ap viith absorbca maccrul.

Waste Disposal:
Give to .^lified vasu JtsposaJ «ervice.

Haodhat A Storage Prrcautioas:
Do not iiore vhere xmperaiures can eaceed :4"C 130"F

VIII Control .Measures DC Transportation Data

Read ml follow 'zbel Jirecnom They irt your Sen {u«k lo usinj liu
proluct effectively. ii»l jive occeiviry ulery pretuunora to protect Seiltll

DOT Shipping Name - Csinsumer Cjmtik.viicy
DOT Hazard Class • ORM-D*

T^c iniofrrjiion anu sutfmcnii nerem are >cl«vcd to * rcIiaDie out arc ao* :o x .lorutrued as *arr2nry or repre»rriuucn 'or *r\icn -vc aswinv Cjti ■espunsionitv
andcrake AjrFiCicru venficoooo and 'esong 'o Jeicrmitic die suinbilio for Jieir own panKular purpose of any m/ontuiioo or producrs rric.Tcd » bc.ttn

NO 'AaRR.ANTY of RTNFJiS FOR A P.aRTICUUAR PLTAPOSE S MADE. ' ^ ^ .y ^
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Illustration of Instruments
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Illustration of Instruments

Instrument Description

Wrist Action® Shaker

Pressure Canister

Pressure Gauge

Hydrostatic Head teste

Thickness

Air Permeability

High Performance

Liquid Chromatography

Burrel Model 75, Manufactured by Burrel Co., Pittsburgh, PA

NSF Testing Laboratory, Spartan NSDA-VS-01, max. wp. 130 psi

(900Kpa), capacity 3 us gal (11.4 liter). The comelius Co., Anoka, MI

Testing Cause, Temperature compensated. 0.2psi subd.. Accuracy

Grade 3A, 0.25%, ASHCROFT®

Alfred Suter Co., Prel plaza Orangburg, NY

Testing Machines, Inc., Amityville, NY

No. 5138, Using Meriam Red oil- Sp. GR 0.827, each graduation

equals 1/100 inches of water pressure, Fransier Precision Instrument

Co. Inc. Gaithersburg, MD

Waters 712 WISP, 600E System Controller, 490 Programmable Multi

wavelength Detector
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