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CHAPTER I 

INTRODUCTION 

H1stor1cally, chem1cals that destroy, prevent, or control pests, 

have played an 1mportant role 1n pest control As early as 1550 B C 

preparat1ons controlled pests, and by 900 A D , the Ch1nese used arsen1c 

to control garden 1nsects (Hays, 1975) Thus, control of pests and 

d1seases that threaten health or food and f1ber supply have long been a 

concern Pests 1mpact on all segments of agr1culture caus1ng both a 

loss of products and an 1ncrease 1n consumer costs (Counc1l for Agr1-

cultural Sc1ence, 1977) If pest1c1des were not ava1lable, crop losses 

would exceed the value of all U S agr1cultural exports (Counc1l for 

Agr1cultural Sc1ence, 1977) To meet ever 1ncreas1ng demands for food 

and f1bers, agr1cultur1sts now rely on a broad range of pest1c1des 1n­

clud1ng fung1c1des, 1nsect1c1des, herb1c1des, and growth regulators to 

boost product1on (Hafen, 1972) 

Pr1or to World War II, pr1mar1ly natural compounds controlled 

pests S1nce then, there has been a s1gn1f1cant 1ncrease 1n the devel­

opment and use of synthet1c chem1cal compounds The early pest1c1des 

were commonly composed of chlor1nated hydrocarbon chem1cals One of 

these, d1chlorodeph1nyltr1chloroethane (DDT) was effect1ve and used 

extens1vely 1n all segments of agr1culture (D•Ercole, Arthur, Ca1n, and 

Barrent1ne, 1976) The chlor1nated hydrocarbons, when appl1ed to 

f1elds, rema1ned tox1c for long per1ods of t1me Thus, DDT was popular 
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w1th agr1cultur1sts because fewer appl1cat1ons were needed However, 

the pos1t1Ve attnbutes of the 11 M1racle Chem1cal 11 soon became clouded 

w1th negat1ve ones when res1dues of DDT were found 1n human t1ssues, 

food, cloth1ng, a1r, water, and so1l (Hafen, 1972) The negat1ve s1de 

effects led to a ban of DDT by the Federal, Insect1c1de, Fung1c1de, and 

Rodent1c1de Act of 1972 (K1lgore and Akesson, 1980) 

Two groups of synthet1c chem1cals, organophosphates and carbamates 

replaced DDT (Hafen, 1972) Both are frequently more tox1c than DDT 

(Gold, Leav1tt, Holcslaw, and Tupy, 1982, K1lgore and Akesson, 1980, 

Sollman, El-Sebae, and Sorya, 1979) but they break down qu1ckly 1n the 

env1ronment and are rap1dly metabol1zed and excreted by mammal1on 

t1ssue Thus, they are thought to be trans1ent 1n the env1ronment 

(Sollman, El-Sebae, and Sorya, 1979) 
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The use of these new chem1cals, part1cularly the organophosphates, 

for pest control programs has 1ncreased dramat1cally 1n both agrl­

cultural and domest1c sett1ngs (Hafen, 1972) One of these new chem1cal 

groups, the organophosphates, 1s frequently cr1t1c1zed because of 1ts 

poss1ble effect on the human body (Sollman, El-Sebae, and Sorya, 1979) 

Researchers do not know effects of mult1ple exposure of pest1c1des 

upon the body However, some 20 years ago researchers warned that 

b1olog1cal chem1cals accumulate over long per1ods of t1me and each 

exposure bu1lds up 1n the body Subsequent research has l1nked pest1-

c1de exposure to b1rth defects, cancer, genet1c mutat1ons, ster1l1ty, 

l1ver damage, and d1sturbances of the nervous system (Alexander, 1960, 

Green, 1958, Kahn, 1976, Bearn and German, 1961, Egert and Gre1m, 1976, 

Infante and Legator, 1979, Depalma, Kwal1ck, and Z1kerberg, 1970, Regan, 

Setlow, Franc1s, and L1g1nsk1, 1976, Dav1es, Freed, Enos, Barquet, 



Morgade, and Danauskas, 1980, Klemmer, Wong, Sate, Re1chert, Korsak, 

and Rashad, 1980) Hence there 1s mount1ng concern for the un1nten­

tlonal s1de effects of pest1c1des on human health and other forms of 

l1fe (Bora1ko, 1980) 
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Pest1c1des may affect the body 1f 1nhaled, 1ngested, or absorbed 

through the sk1n Unt1l recently, sc1ent1sts thought pest1c1des entered 

the body pr1mar1ly by 1ngest1on and 1nhalat1on However, Ma1back, Feld­

mann, M1lby, and Serat (1981) 1nvest1gated body absorpt1on of pest1c1des 

and reported that the sk1n can be a maJOr source of human exposure 

Robb1ns, Nash, and Comer (1977) also determ1ned that dermal exposure was 

more s1gn1f1cant than resp1ratory exposure, but the ser1ousness depended 

on the tox1c1ty of the pest1c1de, the rate of absorpt1on of pest1c1de by 

body s1te, the s1ze of the sk1n area contam1nated, and the length of 

t1me the pest1c1de was 1n contact w1th the sk1n 

Those handl1ng pest1c1des may unknow1ngly encounter health hazards 

from sk1n absorpt1on 1f the1r cloth1ng becomes contam1nated w1th pest1-

C1des Bora1ko (1980), Hayes (1975), and Southw1ck, Meehan, Cannon, and 

Gortatowsk1 (1974) c1te cases of ser1ous 1llness or deaths that have re­

sulted from 1nd1v1duals wear1ng pest1c1de contam1nated cloth1ng Once 

contam1nated, cloth1ng may rema1n a threat to health because ord1nary 

laundry pract1ces may not remove enough pest1c1de to allow safe wear1ng 

(F1nley, Metcalfe, McDermott, Graves, Sch1ll1ng, and Bonner, 1974) 

One dramat1c example c1ted by Southw1ck et al (1974) 1nvolved an 

elderly home gardener who became 111 after h1s cloth1ng became saturated 

w1th the pest1c1de methyl parath1on, wh1le spray1ng fru1t trees 1n h1s 

back yard Qu1ck ant1dotal measures for pest1c1de po1son1ng resulted 

1n h1s recovery A few weeks later, however, the home gardener wore 



the same set of cloth1ng that had been laundered by regular laundry 

procedures and became 111 aga1n Qu1ck med1cal attent1cn was not ade­

quate to save h1s l1fe Cause of death was attr1buted to pest1c1de 

po1son1ng Subsequent laboratory analys1s of the man•s cloth1ng 

revealed h1gh levels of tox1c res1dues of methyl parath1on 

Because the newer forms of pest1c1des break down rap1dly 1n the 

env1ronment, effect1ve pest control programs requ1re frequent appl1-

cat1ons More frequent handl1ng of pest1c1des by manufacturers, 

agr1cultural workers, gardeners, nurserymen, and domest1c users ln­

creases the potent1al for dermal exposure to tox1c mater1als The 

cloth1ng of these 1nd1v1duals can become contam1nated w1th e1ther 

concentrated or d1lute solut1ons of pest1c1des that may range from a 

f1ne m1st that 1s undetected to complete saturat1on due to acc1dental 

sp1lls, malfunct1on1ng equ1pment, or w1nd dr1ft 

Because dermal absorpt1on of pest1c1des 1s a poss1ble health 

hazard, people should emphas1ze protect1ve cloth1ng as a way to l1m1t 

dermal exposure A comprehens1ve study was undertaken to develop and 

evaluate prototype protect1ve cloth1ng that offered the 1nd1v1dual 

grower protect1on, thermal comfort, and soc1al acceptab1l1ty 

Branson, and Henry (1984) prov1des an overv1ew of th1s study 

Orlando, 

Part of 
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the study focused on evaluat1ng selected fabr1cs as barr1ers to pest1-

C1de penetrat1on Tyve~ and Gore-Te~ prevented penetrat1on of the 

pest1c1des tested (Orlando, Branson, Ayers, and Leav1tt, 1981) Three 

fabr1cs and three prototype des1gns were subsequently evaluated 1n 

terms of thermal comfort us1ng human subJects 1n a controlled env1ron­

mental laboratory (Branson, DeJonge, and Munson, 1n press) Phys1o­

log1cal and subJeCt1Ve data 1nd1cated that the thermal comfort level of 



subJects wear1ng Gore-Te~ ensembles was s1m1lar to the thermal comfort 

level of subJects wear1ng chambray ensembles These results may be due 

to the 1mpermeable membrane w1th1n the structure of the Gore-Te~ that 

allows the fabr1c to breathe A subsequent study (Branson, Ayers, 

and Henry, 1n press) determ1ned the barr1er effect1veness of Gore-Te~ 

to add1t1onal pest1c1des Based on the f1nd1ngs that Gore-Te~ was 

both 1mpermeable to the pest1c1des tested 1n the penetrat1on stud1es 

and thermally comfortable, Gore-Tex® was cons1dered a potent1al candl­

date fabr1c for use 1n protect1ve garments 

Prev1ous stud1es 1nd1cate that the laundry process does not 

completely remove all pest1c1de res1due from typ1cal work cloth1ng 

Therefore, there 1s concern that pest1c1de res1due may bu1ld up 1n 

fabr1cs over t1me Before Gore-Tex® can be recommended for use 1n 

protect1ve garments the aspect of •bu1ld-up• must be 1nvest1gated 

Add1t1onally, l1ttle was known of the effects of d1fferent types of 

surfactants on the removal of pest1c1de res1dues from Gore-Tex® 

Prev1ous pest1c1de decontam1nat1on by laundry stud1es concentrated on 

wash and r1nse temperatures rather than type of detergents for laundry 

eff1cacy There was need for further 1nvest1gat1on 1nto the effects 

of detergents on removal of pest1c1ces from contam1nated fabr1c 

Add1t1onally, s1nce pest1c1des decompose 1n the natural envlron­

ment, the poss1b1l1ty ex1sts that exposure to sunl1ght, heat, and 

hum1d1ty may break down pest1c1de chem1cals 1n fabr1c In a f1eld re­

entry study, F1nley, Graves, Summers, Sch1ll1ng, and Morr1s (1979) 

observed that fabr1c swatches p1nned to trouser legs of 1nsect scouts 

and worn 1n f1elds sprayed one day, two days, and four days prev1ously 

w1th methyl parath1on p1cked up 90 to 99 percent less res1due two and 
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four days after appl1cat1on Th1s suggests that the chem1cal breaks 

down qu1ckly 1n the atmosphere Thus, the quest1on arose as to whether 

pest1c1de contam1nat1on 1n fabr1c could be broken down 1f exposed to 

sunl1ght pr1or to launder1ng Thus, th1s study 1nvest1gated the 

phenomena of s1mulated env1ronmental cond1t1ons (weather1ng) on pest1-

clde breakdown 

Purpose 

Th1s study cons1sted of two phases The purpose of Phase I was to 

determ1ne the percent res1due of a commerc1al-grade pest1c1de m1xture 

rema1n1ng 1n a test fabr1c follow1ng weather1ng and detergent treat­

ments The purpose of Phase II was to determ1ne 1f repeated pest1c1de 

contam1nat1on and subsequent weather1ng and detergent treatments 

1nfluenced pest1c1de res1dues rema1n1ng 1n the test fabr1c 

ObJect1ves 

The obJect1ves of the study 1ncluded 

1 To determ1ne the effect1veness of detergent treatments on the 

removal of pest1c1de from the test fabr1c 

2 To evaluate the effect of s1mulated weather1ng on the pest1-

c1de removal by launder1ng 

3 To determ1ne whether repeated contam1nat1on and subsequent 

detergent treatments 1nfluence pest1c1de removal from the test fabr1c 

4 To evaluate the effects of repeated contam1nat1on, s1mulated 

weather1ng, and detergent treatments on the removal of pest1c1de from 

the test fabr1c 
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Hypotheses 

The null hypotheses for the study were the follow1ng 

H01 There was no s1gn1f1cant d1fference (p< 05) 1n the amount of 

parath1on res1due rema1n1ng 1n the test fabr1c after one launder1ng due 

to detergent treatments 
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H02 There was no s1gn1f1cant d1fference (p< 05) 1n the amount of 

methyl parath1on res1due rema1n1ng 1n the test fabr1c after one launder-

1ng due to detergent treatments 

H0 3 There was no s1gn1f1cant d1fference (p< 05) 1n the amount 

of parath1on res1due rema1n1ng 1n the test fabr1c after one launder1ng 

due to s1mulated weather1ng 

H0 4 There was no s1gn1f1cant d1fference (p< 05) 1n the amount of 

methyl parath1on res1due rema1n1ng 1n the test fabr1c after one launder-

1ng due to s1mulated weather1ng 

H0 5 There was no s1gn1f1cant d1fference (p< 05) 1n the amount of 

parath1on res1due rema1n1ng 1n the test fabr1c after repeated contam1na­

t1ons and subsequent launder1ngs due to detergent 

H06 There was no s1gn1f1cant d1fference (p< 05) 1n the amount of 

methyl parath1on res1due rema1n1ng 1n the test fabr1c after repeated 

contam1nat1ons and subsequent launder1ngs due to detergent 

H0 7 There was no s1gn1f1cant d1fference (p< 05) 1n the amount of 

parath1on res1due rema1n1ng 1n the test fabr1c after repeated contam1na­

t1ons and subsequent launder1ngs due to s1mulated weather1ng 

H08 There was no s1gn1f1cant d1fference (p< 05) 1n the amount of 

methyl parath1on res1due rema1n1ng 1n the test fabr1c after repeated 

contam1nat1ons and subsequent launder1ngs due to s1mulated weather1ng 



L1m1tat1ons 

One pest1c1de, one formulat1on, and one concentrat1on was 

selected for th1s study 

2 One laundry water temperature was selected 

3 One test fabr1c was evaluated 

Assumpt1ons 

1 The pest1c1de used 1n the study was representat1ve of one 

frequently used 1n Oklahoma agr1culture 

2 The laboratory equ1pment and laundry procedures s1mulated one 

home launder1ng 

Def1 n1 t1 ons 
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An1on1c Surfactant A detergent carry1ng a negat1ve charge They 

10n1ze 1n solut1on and are generally h1gh suds1ng (Soaps and Detergents, 

1981) 

Bu1lder A substance that a1ds clean1ng eff1c1ency Examples 1n­

clude fluorescent wh1teners, ant1depos1t1on agents, corros1on 1nh1b1tors, 

suds control agents, and others (Soaps and Detergents, 1981) 

Cat1on1c Surfactant A detergent carry1ng a pos1t1ve charge that 

1on1zes 1n solut1on They are commonly used 1n fabr1c softeners (Soaps 

and Detergents, 1981) 

Degradat1on The breakdown of a complex chem1cal by the act1on of 

m1crobes, water, a1r, sunl1ght, or other agents (Bohmont, 1981) 

Emuls1on A m1xture 1n wh1ch one l1qu1d 1s suspended as m1nute 

globules 1n another l1qu1d (Bohmont, 1981) 



Emuls1f1able Concentrate The m1xture produced by d1ssolv1ng a 

tox1cant (pest1c1de) and an emuls1fy1ng agent 1n an organ1c solvent 

(Farm Chem1cal Handbook, 1979) 

Encapsulated Pest1c1de 11 Pest1c1des enclosed 1n t1ny capsules of 

such mater1al so as to control release of chem1cal and extend the 

per1od of d1ffus1on, thus, prov1d1ng 1ncreased safety to appl1cators 

and the env1ronment 11 (Farm Chem1cal Handbook, 1979, p 164) 

Gore-Te~ A three layer fabr1c w1th an outer layer of r1p-stop 

nylon, an 1nner layer of nylon tr1cot, and a m1croporous f1lm of 

polytetrafluorecethylene lam1nated between two other fabr1c layers 

Laundry Detergent A product conta1n1ng a surfactant and other 

1ngred1ents, formulated to clean and care for the fabr1cs (A Handbook 

of Industry Terms, 1981) 

Methyl Parath1on An 1nsect1c1de The chem1cal name 1s 

O,O-D1methyl-O-p-n1trophenyl phosphoroth1oate The tox1c1ty acute 

oral LD50, acute dermal 50 It 1s extremely tox1c to warm blooded 

an1mals through 1nhalat1on and sk1n absorpt1on 
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Non1on1c Surfactant A detergent that does not 1on1ze 1n solut1on 

and has no electr1cal charge Non1on1c detergents are res1stant to water 

hardness and clean well on most o1ly so1ls (Soaps and Detergents, 1981) 

Parath1on An 1nsect1c1de The chem1cal name 1s 0,0-Dlethyl-0-p­

n1trophenal phosphoroth1oate Tox1c1ty acute oral LD50, acute dermal 

50 It 1s extremely tox1c to warm blooded an1mals through 1nhalat1on 

and sk1n absorpt1on 

Pest1c1de 

Any substance or m1xture of substances 1ntended for prevent-
1ng, destroy1ng, repell1ng, or m1t1gat1ng any 1nsects, 



rodents, nematodes, fung1, or weeds, or any other forms 
of l1fe declared to be pests, and any substance or m1xture 
of substances 1ntended for use as a plant regulator, 
defo1lant, or des1ccant" (Bohmont, 1981, p 41) 

Pest1c1de Res1due The amount of chem1cal wh1ch rema1ns on a 

product (Bohmont, 1981) 
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Phosphates A complex group of sequester1ng agents used 1n 

detergent formulat1ons because of the1r super1or1ty 1n water soften1ng, 

sequester1ng, and other bu1lder funct1ons (Soaps and Detergents, 1981) 

Surfactant (surface act1ve agent) Surfactants are wett1ng agents 

that lower the water's surface tens1on allow1ng water to penetrate 

fabr1cs and remove water soluble so1ls (Soaps and Detergents, 1981) 

Weather1ng Exposure to atmospher1c elements, such as temperature, 

mo1sture, a1r, cloud1ness, sunl1ght, and w1nd 

Wettable Powder A sol1d (powder) formulat1on that forms a 

suspens1on used for spray1ng when added to water (Bohmont, 1981) 



CHAPTER I I 

REVIEW OF LITERATURE 

The l1terature rev1ew focused on factors pert1nent to removal of 

pest1c1de by launder1ng A d1scuss1on of factors 1mportant to o1ly 

so1l removal from text1les was 1ncluded because such factors were 

expected to 1nfluence removal or retent1on of parath1on and methyl 

parath1on from Gore-Te~ fabr1c No research 1nvest1gat1ng repeat 

pest1c1de contam1nat1on of fabr1c samples was found 

Decontam1nat1on by Laundry 

So1l removal from fabr1c has been most commonly attempted through 

the laundry process w1th an aqueous med1um and detergent K1ssa (1981) 

def1ned the laundry process 1n three consecut1ve steps 1nclud1ng 

1nduct1on per1od, mechan1cal d1slodgement per1od, and so1l removal 

per1od Dur1ng the 1nduct1on per1od, water and detergent surfactants 

(Surface Act1ve Agents) or wett1ng agents break up surface tens1on of 

water and allow the laundry l1qu1d to d1ffuse 1nto the so1led fabr1c 

Th1s per1od 1s fac1l1tated by ag1tat1on, type of detergent, type of 

surfactant, and type of so1l Because only l1qu1d so1l can separate 

spontaneously from fabr1c 1n an aqueous med1um, sol1d so1ls requ1re 

mechan1cal act1on to d1slodge and transport so1l 1nto the laundry 

l1quor In the so1l removal per1od surfactants 1nh1b1t or reduce so1l 

adhes1on to fabr1cs and suspend so1l where 1t can be carr1ed away 1n the 

laundry water 

11 
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Wash Water Temperatures 

Research 1nvest1gat1ng decontam1nat1on of pest1c1des from fabr1cs 

has 1nd1cated that wash water temperatures 1nfluence removal rates of 

pest1c1de L1ll1e, Ham1lton, L1v1ngston, and Porter (1980) assessed 

the effect of 30°C, 40°C, and 60°C laundry water temperatures for 

removal of concentrated solut1ons of malath1on, bromac1l, d1az1non, 

chlordane, and propoxur, and d1lute solut1ons of d1az1non, chlordane, 

and propoxur from 100 percent cotton coveralls Samples were laundered 

1n an automat1c washer Wlth one 14-mlnute wash cycle and two 5-mlnute 

r1nse cycles The laundry l1quor w1th a pH of 11 cons1sted of tap 

water and one-half cup nonphosphate detergent conta1n1ng carbonate, 

s1l1con, sulfonate, sod1um sulfate, and alkyl aryl sulfonate 

These researchers found that 80 percent of all the concentrated 

pest1c1de solut1ons tested were cons1stently removed by launder1ng 

regardless of wash water temperatures However, hot (60°C) water was 

most effect1ve and removed 96 percent or more of all the tested 

pest1c1des Chlordane behaved d1fferently than other pest1c1des 1n 

that cold water removed 99 9 percent of the concentrated solut1on 

K1m, Stone, and S1zer (1982) evaluated 60°C (hot), 49°C (warm), 

and 40°C (cold) wash temperatures w1th and w1thout detergents to remove 

concentrated fonofos and alachlor from l1ghtwe1ght and heavywe1ght 100 

percent cotton den1m fabr1cs Samples were laundered for three m1nutes, 

then r1nsed three and f1ve m1nutes 1n a launder-ometer, w1th d1st1lled 

water, and a commerc1al phosphate detergent The researchers found 

that no d1st1nct pattern of pest1c1de removal could be attr1buted to 

wash water temperature The1r f1nd1ngs confl1cted w1th the f1nd1ngs of 
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L1ll1e et al (1980) that hot (60°C) wash water plus detergent removed 

96 percent of all the pest1c1des tested However, d1fferent pest1c1des 

were used 

Easter (1982) assessed three wash and r1nse water temperature 

comb1nat1ons for removal of captan and Guth1orl® from the fabr1cs 

Gore-Te~, Tyve~, and two 100 percent cotton fabr1cs Selected wash 

and r1nse water temperatures were 38°C and 28°C, 49°C and 38°C, and 

60°C and 49°C Samples were laundered 12 m1nutes 1n a launder-ometer 

w1th a laundry l1quor made up of a non-phosphate laundry detergent 

conta1n1ng both an1on1c and non1on1c surfactants, water w1th 150 parts 

per m1ll1on (ppm) hardness and pH level of 9 20± 0 10 The r1nse 

water had the same gra1ns of hardness as the wash water but a pH level 

of 5 2± 0 10 Captan res1due reta1ned 1n the test fabr1cs ranged from 

27 26 percent ln 38°C wash water to 0 05 percent ln 60°C wash water 

Wash water temperatures, l1kew1se, affected removal of Guth1oniD from 

test fabr1cs Guth1on® res1due ranged from 13 56 percent 1n 38°C 

wash water to 0 06 percent 1n 60°C wash water The results 1nd1cated 

that an 1ncrease 1n wash water temperature resulted 1n greater removal 

of both captan and Guth1oniD from all test fabr1cs Easter's f1nd1ngs 

support those of L1ll1e et al (1980) that 1ncreased temperature of 

wash water removed greater amounts of pest1c1de 

Breen, Durnam, and Obendorf (1984) evaluated wash water temperatures 

of 4°C, 27°C, 38°C, and 49°C w1th three detergents for the removal of 

o1ly so1l from 50/50 percent polyester/cotton fabr1c samples contam1nated 

and laundered f1ve t1mes before analys1s The o1ly so1l was composed of 

50 percent tr1stear1n, 40 percent ole1c ac1d and 10 percent octadecane 

d1luted w1th toluene The detergents used were a heavy duty powdered 
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detergent conta1n1ng an an1on1c surfactant w1th sod1um carbonate and 

zeol1te bu1lders, a heavy-duty powdered detergent conta1n1ng an an1on1c 

surfactant w1th sod1um carbonate bu1lders formulated for all wash water 

temperatures, and an unbu1lt heavy-duty l1qu1d conta1n1ng both an1on1c 

and non1on1c surfactants Breen, Durnam, and Obendorf (1984) found that 

the o1ly $011 reta1ned 1n the test fabr1c ranged from 2 21 percent at 

4°C to 0 96 percent at 49°C 

Prato and Morr1s (1984) evaluated the effect of comb1ned var1ables 

of detergent concentrat1on, ag1tat1on t1me, and wash water temperatures 

for the removal of o1ly so1l on 100 percent acryl1c, cotton, nylon, 

and polyester fabr1cs The fabr1c samples were washed 1n water w1th 

120 ppm hardness and a detergent conta1n1ng an an1on1c surfactant w1th 

phosphate Samples were so1led w1th o1ly so1l composed of tr1stear1n 

(23%), tr1ole1n (23%), stear1c ac1d (15%), ole1c ac1d (15%), squalane 

(8%), hexadecanal (8%), and cholesterol (8%) and laundered tw1ce before 

so1l retent1on was measured The amount of so1l that rema1ned on the 

fabr1c after launder1ng was determ1ned by measur1ng fabr1c wh1teness 

Ag1tat1on t1mes were 5, 7, 10, 13, and 15 m1nutes, wash water tempera­

tures were 2l°C, 29°C, 4l°C, 52°C, and 60°C, and detergent concentrat1ons 

were 0 05, 0 09, 0 15, 0 21, and 0 25 percent of the wash water volume 

The researchers found ag1tat1on t1me to be less s1gn1f1cant than 

detergent concentrat1on or laundry temperatures for remov1ng the o1ly 

so1l Detergent concentrat1on of 0 20 percent, and wash water tempera­

ture of 2l°C removed o1ly so1l from the nylon and acryl1c fabr1cs wh1le 

0 25 percent detergent and a wash water temperature of 4l°C was the 

opt1mum comb1nat1on requ1red to remove o1ly so1l from the polyester and 

cotton They cred1ted the alkal1ne wash l1qu1d formed by the bu1lt 
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detergent for better o1ly so1l removal because the alkal1ne solut1on 

allowed the so1l to d1ssolve 1n water However, only one detergent was 

used 1n the study 

Wash water temperature effect on so1l retent1on var1ed w1th f1ber 

content Wash water temperature of 52°C resulted 1n a wh1teness 1ndex 

of 97 1 for 100 percent cotton, wh1le 41°C resulted 1n the h1ghest 

(59 3) wh1teness 1ndex for acryl1c Wash water temperatures of 29°C 

resulted 1n a wh1teness 1ndex of 69 6 for nylon and 61 8 for polyester 

The authors cred1ted the 97 1 wh1teness 1ndex for cotton to the 

aff1n1ty of the detergent•s fluorescent br1ghteners for cotton f1ber 

rather than to better so1l removal Both Breen, Durnam. and Obendorf 

(1984) and Prato and Morr1s (1984) found that hot water was most 

effect1ve 1n remov1ng so1l from fabr1cs conta1n1ng cotton However, 

br1ghteners found 1n detergents may have 1nfluenced results of Breen, 

Durnam, and Obendorf (1984) as well as Prato and Morr1s (1984) Thus, 

pest1c1de removal stud1es by L1ll1e et al (1980) and Easter (1982) 

agreed w1th the f1nd1ngs of the o1ly so1l removal stud1es by Breen, 

Durnam, and Obendorf (1984) wh1ch found that h1gher wash water 

temperatures removed o1ly so1l best F1ber content and concentrat1on 

of detergent were 1mportant factors 1n so1l removal Detergent con­

centrat1on was not var1ed 1n pest1c1de stud1es 

Laundry Detergents 

Southw1ck, Mecham, Cannon, and Gortatowsk1 (1974) evaluated 

cat1on1c, and an1on1c surfactants and bleach for remov1ng both concen­

trated and f1eld strength solut1ons of DDT, aldr1n, d1eldr1n, chlordane, 

d1az1non, duraban, and parath1on from work coveralls The f1ber content 



was not reported These researchers washed some samples at a laundro­

mat but because mach1ne performance var1ed extens1vely, glass flasks 

and a shaker were used to launder most of the samples They found 
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that the class of detergent 1nfluenced res1due removal An1on1c deter­

gents, phosphate content unknown, removed less than 50 percent of the 

methyl parath1on but bleach removed 95 percent The1r report d1d not 

clearly spec1fy whether bleach was used w1th the detergent Cat1on1c 

detergent removed only 15 percent of the methyl parath1on The 

authors concluded that methyl parath1on contam1nated fabr1c may not be 

safe for wear1ng after only one launder1ng 

Easley, Laughl1n, Gold, and Schm1dt (1982) evaluated four deter­

gents and three comb1nat1ons of wash and r1nse water temperatures for 

the removal of emuls1f1able concentrate methyl parath1on from two den1m 

fabr1cs of 100 percent cotton and 50/50 percent cotton/polyester 

Three detergents selected represented common categor1es of commerc1al 

preparat1ons They were phosphate, carbonate, and heavy-duty l1qu1d 

The type of surfactant was not reported, and 1t was not clear whether 

the carbonate and heavy-duty l1qu1d were phosphate free The fourth was 

an AATCC Standard Detergent 124 w1th 12 percent phosphate All deter­

gents tested removed s1m1lar amounts of methyl parath1on Because there 

was no clear 1nd1cat1on that any one type of detergent was s1gn1f1cantly 

better than another for removal of methyl parath1on, the authors con­

cluded that factors other than detergent were 1mportant to pest1c1de 

removal Though not stat1st1cally s1gn1f1cant, there was a trend for 

more effect1ve removal of methyl parath1on at \lash water temperatures 

of 49°C and 60°C w1th the heavy-duty l1qu1d detergent The authors 

cred1ted the heavy-duty l1qu1d's 011 remov1ng ab1l1ty for 1ts eff1c1ency 
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1n removal of the 011 based emuls1f1able concentrate although they d1d 

not spec1fy the detergent surfactant nor whether the detergent conta1ned 

phosphates 

Easley, Laughl1n, Gold, and Tupy (1983) assessed four laundry 

treatments 1n 60°C wash water for removal of three formulat1ons of methyl 

parath1on from den1m fabr1cs of 100 percent cotton and 50/50 percent 

cotton and polyester The laundry treatments used were a two-m1nute pre­

r1nse followed by AATCC Standard Detergent, detergent w1th 12 percent 

phosphate, a phosphate detergent wash, an ammon1a (NH3) add1t1ve plus 

phosphate detergent, and bleach (NaOCL) plus a phosphate detergent The 

most effect1ve laundry treatment for remov1ng methyl parath1on, regard­

less of f1ber content, was the pre-r1nse plus the detergent Methyl 

parath1on removal ranged from 87 8 to 99 9 percent The least effect1ve 

laundry treatment was the ammon1a and detergent comb1nat1on wh1ch removed 

a range of 80 6 to 96 3 percent Researchers observed that factors 

other than detergents, such as pest1c1de formulat1on, 1mpacted on pest1-

c1de removal Detergent and ammon1a removed less of the emuls1f1able 

concentrate than other treatments F1fty-n1ne to 68 4 percent of the 

emuls1f1able concentrate was removed as compared to 75 5 to 81 5 percent 

of the wettable powder and encapsulated crystal formulat1ons 

Fabr1c Propert1es 

F1ber Content 

Removal of pest1c1des from fabr1c through the laundry process 1s 

1nfluenced by f1ber content, f1ber length, and cross-sect1onal shape, 

f1n1shes, and fabr1c we1ght F1nley and Rog1ll1o (1969) evaluated 

launder1ng as a means of remov1ng methyl parath1on and DDT from f1ve 



sh1rt-we1ght fabr1cs of tw1ll weave Four of the test fabr1cs were 

polyester and cotton blends 35 percent cotton/65 percent polyester, 
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50 percent cotton/50 percent polyester, 65 percent cotton/35 percent 

polyester w1th a durable press f1n1sh, and 65 percent cotton/35 percent 

polyester w1th both a durable press and a so1l release f1n1sh The 

f1fth fabr1c was 100 percent mercer1zed and sanfor1zed cotton Swatches 

of the f1ve test fabr1cs were contam1nated w1th a comb1ned standard 

solut1on of methyl parath1on and DDT Contam1nated swatches were 

laundered and dr1ed 1n an automat1c washer and dryer accord1ng to AATCC 

Method 124-1967 Ne1ther the detergent surfactant nor phosphate content 

were reported After contam1nated samples were laundered once, the 

methyl parath1on reta1ned 1n the blended fabr1cs ranged from 0 8 per­

cent 1n the 50/50 percent cotton/polyester fabr1c to 0 6 percent 1n the 

65/35 percent cotton/polyester fabr1c Methyl parath1on reta1ned 1n the 

100 percent cotton fabr1c was 6 3 percent The researchers found that 

the greater the cotton content, the h1gher the amount of methyl para­

thlon reta1ned after one launder1ng Laundry was less effect1ve for 

removal of DDT from all fabr1cs In the blended fabr1cs, DDT res1due 

ranged from 12 5 percent 1n 50/50 polyester/cotton fabr1c to 21 2 per­

cent 1n the 65/35 cotton polyester fabr1c In the 100 percent cotton, 

20 2 percent rema1ned Aga1n the h1gher the cotton content the greater 

the DDT reta1ned after one launder1ng and dry1ng They d1d not report 

the wash water temperature but cred1ted the more effect1ve removal of 

methyl parath1on from test fabr1cs to the laundry l1quor The deter­

gent used produced an alkal1ne wash l1quor w1th a pH of 10 and methyl 

parath1on 1s hydrol1zed to p-n1trophenal 1n an alkal1ne med1um 



The results of the Easley et al (1982) study confl1ct w1th those 

of F1nley and Rog1ll1o (1969) 1n that Easley et al (1982) concluded 

that there was no s1gn1f1cant d1fference between 100 percent cotton 

and 50/50 percent cotton/polyester 1n retent1on of methyl parath1on 

after one launder1ng Easter (1982) found that captan 1n wettable 

powder form was more d1ff1cult to remove from the natural f1ber cotton 

than from the synthet1c fabr1cs The range of pest1c1de reta1ned 1n 

the 100 percent cotton den1m and chambray fabr1c was 27 26 to 0 OS 

percent as compared to 2 24 to 0 00 percent 1n the synthet1c Gore-Te~ 

and Tyvek® 
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In the same study Easter (1982) found the pest1c1de Guth1on® more 

d1ff1cult to remove from the synthet1c fabr1c Gore-Tex® than from Tyve~ 

or the cotton fabr1cs The res1due reta1ned 1n the Gore-Tex® fabr1c 

was 13 56 to 2 10 percent, and 5 10 to 0 19 percent 1n the Tyve~ fabr1c 

The 100 percent cotton den1m and chambray reta1ned res1dues rang1ng 

from 5 74 percent to 0 06 percent Easter concluded that pest1c1de 

removal was 1nfluenced by the comb1ned var1ables of f1ber, fabr1c 

compos1t1on, laundry treatments, and pest1c1de propert1es 

F1ber Length and Cross-Sect1onal Shape 

In a laundry study, Brown, Thompson, and Stewart (1968) found that 

f1ber content as well as f1ber length 1nfluenced o1ly so1l removal They 

evaluated 100 percent polyester f1lament, 100 percent nylon f1lament, 

100 percent staple polyester and 100 percent cotton fabr1cs for the 

removal of grease, heavy lubr1cat1ng 011. l1ght cook1ng 011, ol1ve 011, 

vegetable cook1ng o1l, sebum-type 011, and l1nseed o1l They found 

that when polyester staple and polyester f1lament fabr1cs were 011 



so1led, the staple polyester fabr1c was more d1ff1cult to clean than 

the polyester f1lament fabr1c After f1ve launder1ngs 85 percent of 

the 011 was removed from the staple polyester fabr1c, but 96 1 percent 

was removed from the f1lament polyester fabr1c They found that the 

opt1mum wash water temperature for removal of 01ly so1l was dependent 

upon the f1ber length The 100 percent polyester f1lament fabr1c was 

washed clean 1n 48°C wash water, wh1le the staple polyester fabr1c 

cleaned better at 85°C rather than at 48°C The authors concluded 

that the h1gher wash water temperatures were more effect1ve for remov-

1ng o1ly so1ls from polyester staple fabr1c The cross-sect1onal 
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shape of the polyester was not reported In a related study, Obendorf, 

Namaste, and Durnam (1983) found that the 1ncreased surface area of 

tr1lobal polyester f1laments made so1l removal d1ff1cult because the 

1nterf1ber cap1llary systems formed closed spaces that trapped so1ls 

Obendorf, Namaste, and Durnam (1983) 1nvest1gated res1dual o1ly 

so1l d1str1but1on on fabr1cs 1n relat1on to f1ber content and cross­

sect1onal shape F1bers 1nvest1gated were acryl1c, polyester (round), 

polyester (tr1lobal), nylon, cotton w1th durable press f1n1sh, 

polyester/cotton w1th no f1n1sh, and polyester/cotton w1th durable 

press f1n1sh All samples were so1led w1th tr1ole1n 1n toluene, aged 

at 38°C for 16 hours, and laundered w1th a heavy-duty unbu1lt detergent 

The synthet1c f1bers reta1ned d1fferent quant1t1es of o1ly so1l after 

launder1ng, but the researchers found no d1fference 1n the locat1on of 

the res1dual so1l The nylon and acryl1c f1bers reta1ned beads of 011 

on the f1ber surface wh1le polyesters (round and tr1lobal) reta1ned an 

even coat of 011 on the f1ber surface No o1ly so1l was found 1n the 

1nter1or of any of the synthet1c f1bers In the cotton f1bers, o1ly 

• 



so1l was found w1th1n the lumen of the f1ber The d1str1but1on of 

o1ly so1l res1dues on the polyester/cotton blends w1thout a res1n 

f1n1sh and on the blend w1th the res1n f1n1sh was the same The blend 

w1th the res1n f1n1sh reta1ned less o1ly so1l res1due after launder1ng 

than d1d the blend w1th no res1n f1n1sh The res1n f1n1sh prevented 

the o1ly so1l from adher1ng to the f1ber surface The tr1lobal poly­

ester fabr1c reta1ned more o1ly so1l than d1d the polyester f1ber w1th 

the round shape The authors cred1ted the d1fference 1n o1ly so1l 

retent1on to the cross-sect1onal shape of the f1ber The tr1lobal 

f1ber had an 1ncreased surface area and close spaces w1th1n the yarn 

structure where water and detergent were 1nh1b1ted from reach1ng all 

of the f1ber surfaces 

Fabr1c F1n1sh 

Fabr1c f1n1shes affect adherence of pest1c1de res1due to fabr1c 

surfaces Solberg and Obendorf (1985) used an electron m1croscope to 

determ1ne the d1str1but1on of the pest1c1de malath1on on and w1th1n 

50/50 cotton/polyester fabr1cs w1th and w1thout a durable press f1n1sh 

The fabr1cs were laundered once w1th a detergent conta1n1ng an an1on1c 

surfactant Cross-sect1onal f1ber analys1s of both the unf1n1shed and 

durable press f1n1shed fabr1cs revealed an accumulat1on of malath1on 
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1n the lumen of the cotton f1bers However, the locat1on of a cotton 

f1ber w1th1n a yarn structure 1nfluenced the amount of malath1on found 

1n or on the surface of a cotton f1ber F1bers on the surface of the 

yarn had greater amounts of malath1on both on the surface and 1n the 

center of the yarn Polyester f1bers reta1ned a th1n f1lm of malath1on 

on the outer f1ber surface but none w1th1n the 1nter1or of the f1ber 
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regardless of the f1ber•s pos1t1on w1th1n the yarn Thus, all polyester 

f1bers w1th1n a yarn reta1ned s1m1lar a~ounts of malath1on The durable 

press f1n1sh d1d not alter the d1str1but1on of the malath1on on the 

surface of the polyester f1ber, the surface of the cotton, or w1th1n 

the lumen of the cotton However, 1n the unf1n1shed fabr1c, more 

malath1on was found on the surface of both the cotton and the polyester 

f1bers Thus, the authors concluded that f1ber content was an lmpor­

tant factor 1n pest1c1de decontam1nat1on The cotton f1bers absorbed 

the pest1c1de 1nto the center of the f1ber, wh1le the polyester f1bers 

allowed the malath1on to penetrate through the fabr1c 

Obendorf and Solberg (1985) 1nvest1gated the d1str1but1on of 

malath1on and methyl parath1on on fabr1cs unlaundered and laundered 

once The fabr1cs cons1sted of both unf1n1shed and durable press 

f1n1shed 50/50 polyester/cotton The detergent used conta1ned an 

an1on1c surfactant w1th carbonate and zeol1te bu1lders In the un­

laundered samples, they found that malath1on and methyl parath1on 

res1dues were present on the f1ber surfaces, and the pest1c1de res1dues 

were d1str1buted evenly throughout the polyester yarns Ne1ther pestl­

Clde was found w1th1n the 1nter1or of the polyester f1ber Cotton 

f1bers located near the surface of a yarn reta1ned greater amounts of 

malath1on and methyl parath1on res1due than d1d f1bers located 1n the 

center of a yarn These f1nd1ngs agreed w1th a prev1ous pest1c1de 

res1due m1croscop1cal d1str1but1on study by Solberg and Obendorf (1985) 

who found f1ber content, as well as f1ber locat1on w1th1n a yarn, 

1mportant to pest1c1de removal by launder1ng 

In the polyester fabr1c samples, laundered one t1me, a m1cro­

scop1cal analys1s 1nd1cated rema1n1ng pest1c1de res1due was un1formly 
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d1str1buted on the f1ber surface throughout the yarn 1n both the 

unf1n1shed and f1n1shed fabr1cs In the cotton fabr1c, the laundry 

treatment removed the pest1c1des from the f1ber surface more effect1vely 

1n f1bers located near or on a yarn•s surface Launder1ng d1d not 

remove the malath1on or methyl parath1on from the lumen of the cotton 

f1ber The authors 1nd1cated that removal of the pest1c1de res1dues 
I 

from the lumen of cotton f1bers may not be poss1ble w1th an aqueous 

process 

Keaschall, Laughl1n, and Gold (1984) assessed 50/50 percent 

polyester/cotton test fabr1cs w1th three f1n1shes for removal of 

emuls1f1able concentrate formulat1ons of organophosphate, carbamates 

and organochlor1ne classes of pest1c1des One fabr1c d1d not have a 

f1n1sh, a second had a renewable consumer appl1ed fluorocarbon f1n1sh, 

and the th1rd had a commerc1al so1l-repellent fluorocarbon f1n1sh 

After one launder1ng, the mean res1dues reta1ned across all pest1c1des 

tested ranged from 0 63 ~g/cm 1n the unf1n1shed fabr1c to 0 06 ~g/cm 

1n the renewable fluorocarbon f1n1shed fabr1c and 0 16 ~g/cm 1n the 

fabr1c w1th the commerc1al so1l-repellent f1n1sh The authors found 

a s1gn1f1cant 1nteract1on between fabr1c f1n1sh and pest1c1de class 

An analys1s of the ma1n effect pest1c1de class 1nd1cated that organo­

chlor1ne pest1c1des were the most d1ff1cult to remove by laundry, 

followed by organophosphates and carbamates The mean res1due reta1ned 

by pest1c1de class was from 5 56 percent for organochlor1nes to 3 49 

percent for organophosphates and 0 10 percent for carbamates Because 

of the 1nteract1on of f1n1sh and pest1c1de the authors could make no 

clear conclus1on regard1ng the 1mpact of fabr1c f1n1shes on pest1c1de 

retent1on 



Fabr1c We1ght and Construct1on 

K1m, Stone, and S1zer (1982) evaluated sh1rt-we1ght and pants­

we1ght 100 percent cotton den1m for the removal of concentrated 

emuls1f1able solut1ons of the pest1c1des fonofos and alachlor The 

researchers found that l1ght-we1ght fabr1cs reta1ned 41 9 percent of 

the fonofos and 2 2 percent of the alachlor wh1le the heavy-we1ght 

fabr1cs reta1ned 80 7 percent of the fonofos and 46 7 percent of the 

alachlor The authors suggested that pest1c1de removal may be more 

d1ff1cult w1th the heav1er fabr1cs because the th1ckness and we1ght 

may allow deeper penetrat1on of the pest1c1de 1nto the f1bers and 

fabr1c structure through the w1ck1ng process These f1nd1ngs are 

supported by the Obendorf, Namaste, and Durham (1983) study that found 

that the 1ntercap1llary system formed close spaces that could trap 

so1l and prevent removal by launder1ng 1n an aqueous med1um 

Bowers and Chantrey (1969) evaluated four 100 percent cotton 

fabr1cs of d1fferent we1ghts and fabr1c construct1ons for the removal 

of o1ly so1l w1th a non1on1c detergent The fabr1cs used were oxford 

(4 0 ounces per square yard), broadcloth (3 1 ounces per square yard), 

popl1n (6 8 ounces per square yard), and tw1ll (7 1 ounces per square 

yard) They found that fabr1c we1ght and fabr1c construct1on had an 

effect of so1l removal The loosely woven oxford cloth (we1ght 4 0 

ounce per square yard) conta1n1ng low tw1st yarns reta1ned 16 percent 

of the or1g1nal so1l contam1nat1on wh1le broadcloth, a t1ghtly woven 

cloth (we1ght 3 1 ounce per square yard) made of h1gh tw1st yarns re­

talned 23 2 percent of the or1g1nal o1ly so1l The popl1n and the 

tw1ll, both t1ghtly woven fabr1cs of h1gh tw1st yarns, reta1ned 27 7 

percent and 32 1 percent respect1vely 
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Pest1c1de 

Solub1l1ty 

A search of the l1terature revealed that pest1c1de class, solu­

blllty, and formulat1on may have a s1gn1f1cant 1nfluence upon pest1c1de 

removal from fabr1c Easley et al (1983) evaluated 80/20 percent 

cotton/polyester blend den1m fabr1c and 50/50 polyester/cotton double 

kn1t t-sh1rt fabr1c for removal of 2,4-Dlchlorophenoxyacetone ac1d 

ester and 2,4-Dlchlorophenoxyacetlc am1ne herb1c1de compounds by 

laundry The 80/20 percent cotton/polyester fabr1c was pest1c1de con­

tamlnated pr1or to s1multaneous laundry w1th 50/50 percent cotton 

t-sh1rt fabr1c 

The researchers detected d1fferences 1n removal rates between the 

two pest1c1de compounds Results show that 2,4-0 ester, a compound 

1nsoluble 1n water, was d1ff1cult to remove by laundry methods The 

mean percents reta1ned 1n the den1m fabr1c follow1ng one launder1ng 

ranged from 71 14 percent to 55 01 percent Res1dues of 2,4-D am1ne, 

a compound read1ly soluble 1n water, ranged from 0 83 to 0 35 percent 

1n the contam1nated den1m fabr1c The authors attr1buted the low level 

of pest1c1de res1due to 2,4-D am1ne•s water solub1l1ty They concluded 

that the water soluble 2,4-D am1ne compound was more effect1vely removed 

by launder1ng than the 1nsoluble m1xture The f1nd1ngs of Easley et al 

(1983), Breen, Durnam, and Obendorf (1984), and Prato and Morr1s (1984) 

are 1n agreement w1th Easter•s (1982) results suggest1ng that pest1c1des 

formulated w1th an 011 base were d1ff1cult to remove from synthet1c 

fabr1cs The f1nd1ngs of Easley et al (1983), Easter (1983), and K1m, 

Stone, and S1zer (1982) are 1n agreement w1th L1ll1e•s et al (1980) 
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study that found pest1c1de removal ~ay be dependent upon the spec1f1c 

pest1c1de These stud1es 1nvest1gated several d1fferent pest1c1des but 

w1th the except1on of the 2,4-D herb1c1des the solub1l1ty was not re­

ported 

Formulat1on 

Pest1c1de formulat1on affects the removal of conta~1nat1on from 

fabr1c Laughl1n, Easley, Gold, and Tupy (1981) evaluated three 

formulat1ons of methyl parath1on emuls1f1able concentrate, encapsu­

lated crystals, and wettable powder 1n a laundry study They found that 

wettable powder formulat1ons were more eas1ly removed by laundry than 

emuls1f1able concentrates or encapsulated crystals The authors 

suggested that the part1culate nature of the wettable powder ~1g~t 

contr1bute to easy removal Easley et al (1981) found emuls1f1able 

concentrate formulat1ons more d1ff1cult to remove than e1ther encapsu­

lated crystals or wettable powder formulat1ons One launder1ng removed 

93 to 99 percent of the encapsulated crystal or wettable powder formu­

latlons but only 80 to 88 percent of the emuls1f1able concentrate 

formulat1on Thus, Laughl1n et al (1981) and Easley et al (1981) 

agreed that wettable powder formulat1ons were eas1er to remove from 

test fabr1c than the emuls1f1able concentrate formulat1on 

Degradat1on 

Pest1c1des are known to degrade 1n the natural env1ronment (Dav1s, 

Sta1ff, Butler, and Armstrong, 1977, Kawar, Gunther, and Iwata, 1978, and 

Sharom and M1les, 1981) Chem1cal degradat1on may be an 1mportant 

factor 1n pest1c1de removal from fabr1cs Thus, the t1me lapse and the 



storage cond1t1ons between contam1nat1on and launder1ng may 1nfluence 

pest1c1de res1dues 

Easter (1982) found that pest1c1de removal 1ncreased 1f captan 

contam1nated test fabr1c was stored 1n covered can1sters and held at 

temperatures rang1ng from 25° to 30°C for seven days pr1or to launder­

lng She concluded that the pest1c1de underwent some chem1cal or 

phys1cal change dur1ng storage K1m, Stone and S1zer (1982) however, 

found that launder1ng swatches 1mmed1ately follow1ng contam1nat1on 

removed s1gn1f1cantly greater res1dues than when wash1ng was delayed 

24 hours The results of these two stud1es appeared to confl1ct but 

the latter researchers d1d not measure degradat1on of the chem1cals 
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L1m1ted research was found regard1ng the degradat1on of pest1c1des 

1n fabr1c Easter (1982) evaluated the effect of weather1ng and 

launder1ng on the breakdown of the wettable powdered formulat1on of 

captan 1n two 100 percent cotton and two synthet1c fabr1cs She found 

that fabr1c samples exposed to weather1ng and launder1ng reta1ned 

captan res1dues rang1ng from 91 72 percent 1n the cotton den1m to 

99 00 percent 1n the Gore-Tex® fabr1c The unweathered and laundered 

fabr1c samples reta1ned captan res1dues rang1ng from 97 76 percent 1n 

100 percent cotton den1m to 99 00 percent 1n the Gore-Tex® She con­

cluded that weather1ng d1d not breakdown the captan 1n fabr1c samples 

The follow1ng stud1es have been 1ncluded 1n th1s research to 

support the use of weather1ng as a poss1ble means of break1ng down 

pest1c1de contam1nat1on 1n fabr1cs before be1ng laundered Sharom and 

M1les (1981) 1nvest1gated the breakdown of parath1on 1n an aqueous 

med1um Parath1on was added to bottles of 'natural water' collected 

from a dra1nage canal Bottles of parath1on contam1nated water were 
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capped, shaken one m1nute, and stored at 2l±l°C (room temperature) At 

selected t1me 1ntervals al1quots were removed from bottles and analyzed 

They found that 90 percent of the pest1c1de rema1ned after one week, 

but d1sappeared completely after two weeks The authors cred1ted the 

m1croorgan1sms found 1n the 'natural water' for the degradat1on of 

parath1on and they felt the low level of degradat1on of pest1c1de (10%) 

the f1rst week was due to the m1croorgan1sms not be1ng adapted to 

react w1th the parath1on to promote the break down of the pest1c1de 

Once the m1croorgan1sms made the adaptat1on, the pest1c1de degraded 

rap1dly 

Dav1s et al (1977) determ1ned the pers1stence of methyl parath1on 

sp1lled on cement blocks exposed to 1ndoor and outdoor cond1t1ons where 

no attempt was made to clean up the sp1ll Natural outdoor cond1t1ons 

of the Pac1f1c Northwest port1on of the Un1ted States were used The 

average ra1nfall was 25 cent1meters per year and the average number of 

days w1th sunsh1ne was 275 The temperature for 14 days 1n summer 

averaged 32°C The blocks were covered w1th snow for two months 1n 

the w1nter Swab samples, collected by gauze pads soaked 1n alcohol, 

were taken per1od1cally for one year and analyzed They found that 

the pest1c1de 1n swab samples taken from the blocks exposed to sunl1ght 

pers1sted for three months, wh1le 1ndoor samples reta1ned methyl para­

thlon for four and one-half months Thus, the 1ndoor samples protected 

from sunl1ght and mo1sture reta1ned the methyl parath1on one and one­

half months longer than the outdoor exposed samples 

A second part of the study followed the same methods as the f1rst 

part except clean-up of the sp1ll was attempted D1rt was p1led on the 

blocks and left for 15 m1nutes to soak up the pest1c1de D1rt was 



removed and the block was flushed w1th water wh1le be1ng scrubbed w1th 

a st1ff brush for 30 seconds The blocks were allowed to dry for 24 

hours before any swab samples were taken In the outdoor-exposed 

methyl parath1on contam1nated blocks w1th a smooth surface, the methyl 

parath1on decayed from 70 ~g/cm 2 after one day to 2 ~g/cm 2 at two and 

one-half months Then the weather turned cold and wet, and the level 

of methyl parath1on rose aga1n Surpr1s1ngly, at four and one-half 

months after 1n1t1al contam1nat1on, the measurement level of methyl 

parath1on rose to 5 ~g/cm2 The pest1c1de decayed completely s1x and 

one-half months after 1n1t1al contam1nat1on In the same exper1ment 

but w1th the pest1c1de ethyl parath1on, not1ceable d1fferences 1n per­

Slstence were noted The level of contam1nat1on after one day was 

70 ~g/cm 2 and after two and one-half months the level dropped to 
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35 ~g/cm2 When the weather turned cold and damp the measurable level 

of ethyl parath1on rose to 50 ~g/cm2 F1fteen months were requ1red for 

the ethyl parath1on to completely decay Thus, the length of t1me 

requ1red for pest1c1des to decay var1es w1th the pest1c1de and the en­

Vlronmental cond1t1ons, such as mo1sture, heat, and sunl1ght The 

pers1stence of the 1ndoor-exposed ethyl parath1on was not measured 

Kawar, Gunther, and Iwata (1978) determ1ned the pers1stence of 

parath1on 1n w1ne Reconst1tuted grape concentrate and 160 m1ll1grams 

of parath1on (25 ppm) were placed 1n heat ster1l1zed Jars and shaken 

for 36 hours The Jar l1ds allowed carbon d1ox1de to escape The 

m1xture fermented for 12 days at 20°C before the supernatant w1ne was 

s1phoned off After two add1t1onal weeks the supernatant was aga1n 

s1phoned off and stored for one month The completed w1ne was f1ltered 

through paper, bottled, corked, and stored 
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samples were drawn at 1ntervals of 12, 26, and 56 days dur1ng process1ng 

for measurement of parath1on The level of parath1on decreased from 

25 5 ppm on day zero to 10 3 ppm at 12 days, 9 0 at 26 days, and 8 8 ppm 

at 56 days The dregs (lees) at the bottom of the Hlne conta1ner con­

talned much h1gher levels of parath1on than the supernatant After 12 

days the lees conta1ned 156 ppm but dropped to 23 ppm at day 26 The 

authors cred1ted the h1gh level of pest1c1de found 1n the lees to 

absorpt1on of the pest1c1de by the lees They attr1buted much of the 

decrease of parath1on 1n the w1ne to the fact that the lees laden w1th 

pest1c1de settled to the bottom of the conta1ner and were d1scarded 

after s1phon1ng off the supernatant The temperature and storage con­

dltlons of the w1ne dur1ng process1ng were not reported 

In f1eld re-entry stud1es, Wolfe, Armstrong, Sta1ff, Comer, and 

Durham (1975) measured potent1al dermal exposure levels of parath1on to 

hand apple th1nners Parath1on was appl1ed to apple orchards 1n 

Wash1ngton dur1ng June They found parath1on res1dues of 4 0 ~g/cm 2 

after one hour, 2 4 ~g/cm 2 after 24 hours, 1 7 ~g/cm2 after 48 hours, 

0 8 ~g/cm2 after 72 hours, and 0 6 ~g/cm2 after 96 hours 

Draper and Street (1981) measured methyl parath1on res1dues on 

alfalfa leaves 4, 28, and 72 hours after spray1ng They found that 

methyl parath1on res1dues of 2 8 m1crograMs/k1logram four hours after 

spray1ng, 0 71 mg/kg after 28 hours, and 0 32 mg/kg after 72 hours 

The results of stud1es by (Draper and Street, 1981, Dav1es, Freed, 

Enos, Barquet, Morgade, and Danauskas, 1980, Kawar, Gunther, and Iwata, 

1978, Sharom and M1les, 1981, Wolfe et al , 1975) 1nd1cated that the 

t1me 1nterval requ1red for parath1on and methyl parath1on to break down 

1n the presence of a var1ety of env1ronmental cond1t1ons var1ed from a 

few hours to 15 months 
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Summary 

A rev1ew of the l1terature suggested that many var1ables 1nfluence 

the amount of chem1cal res1due rema1n1ng 1n fabr1cs after launder1ng 

Those var1ables 1ncluded laundry factors of wash water temperature, 

detergent type, fabr1c propert1es, and pest1c1de propert1es 

Wash water temperatures were s1gn1f1cant for removal of pest1c1des 

and o1ly so1l from fabr1cs Wash water temperatures of at least 60°C 

were best for remov1ng most pest1c1des from cotton and cotton/polyester 

blends However, the f1ber length and cross-sect1onal shape of a 

f1ber may have s1gn1f1cant 1nfluence 1n pest1c1de and o1ly so1l removal 

Staple f1bers and tr1lobal f1bers were more d1ff1cult to clean than 

f1lament and round f1bers There was an 1nd1cat1on that h1gher wash 

water temperatures (up to 85°C) were necessary for removal of so1l from 

staple polyester f1bers and tr1lobal f1bers 

A var1ety of laundry products have been used 1n pest1c1de removal 

stud1es An1on1c, non1on1c, and a comb1nat1on of the two surfactants 

have been used 1n the powdered and l1qu1d form both w1th and w1thout 

phosphates or other bu1lders The f1nd1ngs do not clearly 1nd1cate 

wh1ch 1f any of the detergent types best removed e1ther pest1c1de or 

Olly S011 

Cotton and cotton/polyester blended fabr1cs were used as test 

fabr1cs for the maJOrlty of the pest1c1de removal stud1es Only one 

pest1c1de decontam1nat1on study 1nvest1gated nylon fabr1c The 

synthet1c f1bers were generally eas1er to decontam1nate of pest1c1de 

than cotton fabr1cs However, factors other than f1ber content 

apparently had s1gn1f1cant 1nfluence on removal or retent1on of pestl­

Clde res1due Those factors 1ncluded f1ber length and cross-sect1onal 



shape, f1ber we1ght and construct1on, and propert1es of 1nd1v1dual 

pest1c1des 
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Pest1c1de propert1es 1nfluenced pest1c1de removal regardless of 

fabr1c propert1es or laundry var1ables Though test1ng of water soluble 

and water 1nsoluble pest1c1des were l1m1ted, the 2,4-D herb1c1des 1n 

the water soluble form were read1ly removed by laundry, wh1le the 

water 1nsoluble forms were d1ff1cult or 1mposs1ble to remove A w1de 

var1ety of 1nd1v1dual pest1c1des were tested, yet removal appeared to 

be t1ed to propert1es of the spec1f1c pest1c1des Pest1c1de formula­

tlon was also an 1mportant factor 1n removal Emuls1f1able concentrate 

formulat1on was generally eas1er to remove than the encapsulated 

crystal formulat1on or wettable powder formulat1ons from synthet1c 

fabr1cs but was d1ff1cult to remove from cotton fabr1cs Apparently, 

the staple cotton f1bers and the crenulat1ons of the cotton f1ber 

trapped the part1culate, wettable powder formulat1on, mak1ng 1t dlffl­

cult to remove Synthetlc staple f1bers, also, appeared to trap the 

wettable powder 1n the 1nter-cap1llary system mak1ng removal d1ff1cult 



CHAPTER III 

METHODOLOGY 

Th1s chapter presents a descr1pt1on of the equ1pment and procedures 

used for the research Included are the exper1mental des1gn, fabr1c 

propert1es and preparat1on, pest1c1de, contam1nat1on of samples, 

weather1ng, laundry detergent treatments, extract1on, pest1c1de res1due 

analys1s, gas chromagraph, and the stat1st1cal analys1s 

Exper1mental Des1gn 

The 1ndependent var1ables of th1s spl1t plot des1gn 1ncluded two 

weather1ng levels, exposure and nonexposure to s1mulated env1ronmental 

cond1t1ons, and three detergent levels, an1on1c, non1on1c and comb1ned 

an1on1c/non1on1c surfactants A 2x3 factor1al des1gn was used to test 

the effect of weather1ng and detergent on the percent pest1c1de res1due 

(dependent var1able) reta1ned by the test fabr1c A 2x3 factor1al 

des1gn was used to test the effect of weather1ng and detergent on 

pest1c1de res1due reta1ned 1n the test fabr1c after f1ve repeat pestl­

Clde contam1nat1ons and subsequent treatments 

In the spl1t plot des1gn three weathered samples and three un­

weathered samples were contam1nated at d1fferent t1mes but all were 

laundered at the same t1me Each set of three contam1nated samples 

formed a spl1t plot and the pest1c1de was randomly appl1ed w1th1n each 
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plot The data were blocked by repl1cat1on and each repl1cat1on was 

completed on success1ve days 

Test Fabr1c 

The test fabr1c was a three layer fabr1c w1th an outer layer of 

r1p-stop nylon, an 1nner layer of nylon tr1cot, and a m1croporous f1lm 

of polytetrafluorecethylene (PTFE) lam1nated to the two other fabr1c 

layers 

Fabr1c Th1ckness 
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ASTM 01777-64 was followed to determ1ne the th1ckness of the test 

fabr1c Ten randomly cut cond1t1oned samples measur1ng f1ve cent1meters 

by f1ve cent1meters were measured w1th a th1ckness gauge The calcu­

lated mean th1ckness was 0 01 m1ll1meter 

Fabr1c We1ght 

ASTM 01910-75 was followed to determ1ne the average we1ght of the 

test fabr1c spec1mens F1ve randomly cut cond1t1oned samples measur1ng 

f1ve cent1meters by f1ve cent1meters were we1ghed or a Tors1on Balance 

Model #ORX2 The calculated mean of 3 76 grams was used to determ1ne 

the we1ght per square meter wh1ch was 1457 1713 grams 

Fabr1c Preparat1on 

Pr1or to the study, the test fabr1c was laundered to remove manu­

facturer's s1z1ng Because three d1fferent detergents were used 1n the 

study, the fabr1c was d1v1ded 1nto three parts and each part laundered 

one complete cycle 1n a Maytag Automat1c washer Model #LA312 1n one of 



the three detergents Fabr1c was dr1ed 15 m1nutes 1n a Maytag Auto­

matlc dryer Model #LDE712 set for permanent press 

The test fabr1c was cut 1nto samples measur1ng four by twelve 

cent1meters for exper1mental treatments accord1ng to ASTM 01682-64 

Each sa~ple was 1dent1f1ed w1th a test detergent by corner marks One 

corner was cl1pped for samples treated w1th detergent one, two corners 

for detergent two, three corners for detergent three 

Descr1pt1on of Samples 

One hundred e1ght test fabr1c samples were used 1n the study 

Th1rty-s1x samples were contam1nated w1th the selected pest1c1de 

m1xture and subJected to the exper1mental treatments, 36 samples were 

used as controls (blanks) and rece1ved exper1mental treatments but 

no pest1c1de contam1nat1on, and 36 samples were sp1kes and rece1ved 

contam1nat1on but no treatments It was necessary to establ1sh the 

actual amount of pest1c1de appl1ed to each sample for each contam1na­

t1on per1od s1nce a percent was to be calculated and pest1c1des de­

grade over t1me For each repl1cat1on four fabr1c saMples, one for 
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each detergent treatment and one sp1ke sample, were p1pette contam1nated 

w1th 400 m1crol1ters of pest1c1de solut1on The sp1ke sample was 

extracted and analyzed to establ1sh the amount of contam1nat1on appl1ed 

per fabr1c surface Because var1ab1l1ty of measurement was 1ntroduced 

by both the gas chromatograph equ1pment and the 1nJect1on syr1nge, 

each sample extractant was lnJected three t1mes and the results 

averaged A summary of the average percent of pest1c1de recovered 

from the sp1ke samples 1n Phase I and Phase II 1s g1ven 1n Tables I 

and II 



TABLE I 

PHASE I PERCENT PESTICIDE RECOVERED 
FROM SPIKE SAMPLES 

Percent Recovery* 
Sp1ke Samples Methyl Parath1on Parath1on 

Weathered Samples 

Rep 1 
Rep 2 
Rep 3 

Unweathered Samples 

Rep 1 
Rep 2 
Rep 3 

100 0 
100 6 

92 7 

100 0 
97 0 
86 3 

100 1 
97 6 

106 7 

93 9 
97 0 
97 9 

*Represents an average of three 1nJeCt1ons per repl1ca-
t1on 
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Because pest1c1des break down 1n the env1ronment, there was concern 

that the pest1c1de could break down on the fabr1c samples dur1ng the 

dry1ng t1me before the samples were subJected to the weather1ng and 

laundry treatments To determ1ne whether the pest1c1de on the 

sample broke down dur1ng the one hour and forty-f1ve m1nute dry1ng t1me, 

three test fabr1c samples were contam1nated and dr1ed and analyzed w1th 

no further treatments Res1due retent1on of these samples were 

subJectlvely compared to the res1due recovered from the sp1ke samples 

Due to var1ab1l1ty 1ntroduced by the equ1pment and the researcher, 

three lnJeCtlons were made and averaged for each sample The mean 

percent of methyl parath1on recovered from the three samples, measured 

by gas chromatograph, was 93 3 percent The mean percent recovered 

from the three samples for parath1on was 97 8 The mean of the sp1ke 

samples for Phase I was 96 1 percent for methyl parath1on and 97 3 

percent for parath1on Parath1on d1d not appear to break down dur1ng 

the dry1ng per1od Methyl parath1on may have degraded sllghtly 

Descr1pt1on and Preparat1on of Pest1c1de 

Pest1c1de 

A commerc1al-grade emuls1f1able concentrate pest1c1de, 6-3 

Parath1on-Methyl, formulated for the Platte Chem1cal Company was the 

selected pest1c1de for th1s study The act1ve 1ngred1ents were para­

thlon (0,0-dlethyl o-p n1trophenyl Phosphoroth1oate) 55 3 percent, 

Related Compounds 2 6 percent, Methyl parath1on (0,0-demethyl o-p­

Nltrophenyl Phosphoroth1oate 27 5 percent, Related Compounds 1 4 percent 

and Inert Compounds 13 2 percent TheE P A Reg No was 34704-16 

(Restrlcted) 



Pest1c1de Preparat1on 

A ser1es of steps were necessary to develop a homogeneous work1ng 

solut1on from the water 1nsoluble commerc1al grade methyl parath1on 
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and parath1on compound Pr1or to beg1nn1ng the study, a f1eld strength 

solut1on (1 25%) was prepared F1ve hundred m1ll1l1ters of work1ng 

pest1c1de solut1on were prepared from 494 21 m1ll1l1ters water and 

5 79 m1ll1l1ters of the commerc1al-grade pest1c1de The pest1c1de 

d1d not form a solut1on 1n the water but settled to the bottom of 

the conta1ner To promote solub1l1ty one percent acetone was added 

to the m1xture 

Further exper1mentat1on w1th the solut1on revealed that the 

m1xture was an emuls1on rather than a true solut1on Add1t1onally, 

the emuls1on conta1ned t1ny part1cles In an attempt to develop a 

more homogeneous work1ng solut1on, the commerc1al-grade pest1c1de 

and pure nanograde qual1ty acetone were comb1ned to ach1eve a 1 25 

percent f1eld strength solut1on The acetone pest1c1de m1xture was 

placed 1n an amber bottle, st1rred w1th a magnet1c st1rrer and 

allowed to set overn1ght The floculent mater1al settled out and was 

d1scarded after the supernatant was decanted The decanted m1xture 

was analyzed by gas chromatograph and quant1f1ed for both parath1on 

and methyl parath1on 

Because the chromatograph was not compat1ble w1th water, 1t was 

necessary to extract the water soluble acetone and pest1c1de 1nto 

methylene chlor1de for analys1s F1fty m1ll1l1ters of methylene 

chlor1de, and ten m1ll1l1ters of pest1c1de-water m1xture were placed 

1n a separatory funnel for the extract1on process The m1xture was 

allowed to set for ten m1nutes wh1le the water rose to the top of the 



methylene chlor1de The methylene chlor1de was dra1ned off and poured 

over sod1um sulfate nested 1n a glass wool l1ned funnel to remove any 

traces of water The water and acetone 1n the flask were r1nsed a 

second t1me w1th 20 m1ll1l1ters methylene chlor1de The methylene 

chlor1de and extracted pest1c1de were placed 1n a Kuderna-Dan1sh 

evaporat1ve concentrator w1t~ float1ng glass valves (M1cro Snyder 

Column) attached to a cal1brated con1cal glass flask 
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The m1xture was concentrated down to 10 m1ll1l1ters 1n a water 

bath heated to 50°C The Kuderna-Dan1sh was r1nsed w1th two m1ll1-

l1ters of methylene chlor1de followed w1th two m1ll1l1ters of acetone 

The cal1brated flask was removed, placed 1n a tube concentrator, and 

heated to 56°C to bo1l off the methylene chlor1de The rema1n1ng 

acetone and pest1c1de m1xture were d1luted 1n 10 m1ll1l1ters of acetone 

Three one-m1crol1ter volumes were quant1f1ed by 1nJect1on on the gas 

chromatograph 

The methylene chlor1de and pest1c1de solut1on y1elded a mean 

recovery of 620 ~g/ml of methyl parath1on and 971 ~g/ml of parath1on 

Th1s was low compared to the recovery of 1696 ~g/ml of methyl parath1on 

and 2394 ~g/ml of parath1on of the decanted acetone solut1on Prev1ous 

research has shown that heat contr1butes to the decay of pest1c1de 

(Sharom and M1les, 1981) Thus, the extract1on process may have de­

graded some of the pest1c1de The water acetone work1ng solut1on was 

f1nally quant1f1ed by d1rect 1nJect1on on the gas chromatograph because 

the small quant1ty of water present 1n any one 1nJect10n would be vapor-

1Zed 1nstantly by the h1gh 1nJect1on port temperature of the 

chromatograph 
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From the decanted m1xture, 500 m1ll1l1ters of pest1c1de solut1on 

was prepared to contaM1nate the test fabr1c spec1mens for th1s study 

The solut1on was prepared by m1x1ng the decanted m1xture w1th an equal 

volume of d1st1lled water The solut1on was gas chromatograph analyzed 

to establ1sh the average number of m1crograms methyl parath1on and 

parath1on conta1ned 1n one m1ll1l1ter of the solut1on 

The follow1ng procedure was used to determ1ne the average 

m1crograms per m1ll1l1ter of parath1on and methyl parath1on conta1ned 

1n each m1ll1l1ter of the solut1on Three (one m1ll1l1ter) samples 

were removed from the prepared pest1c1de solut1on for analys1s From 

each of the three one m1ll1l1ter samples, three (one m1crol1ter) 

lnJectlons were drawn by syr1nge and lnJected on the chromatograph 

The results were averaged The average m1crograms of methyl parath1on 

and parath1on present 1n each m1crol1ter of solut1on were establ1shed 

by compar1son of gas chromatograph read1ngs w1th one m1crol1ter pure 

standard of methyl parath1on and parath1on One gram of methyl 

parath1on was obta1ned from EPA, and one gram of parath1on was obta1ned 

from Allteck Chem1cal Company Each m1ll1l1ter conta1ned an average 

of 917 6 m1crograms methyl parath1on and 1382 0 m1crograms parath1on 

Four-tenths of a m1ll1l1ter (400 m1crol1ters) were used to contam1nate 

each test fabr1c sample Each 400 m1crol1ters of pest1c1de solut1on 

conta1ned an average of 367 m1crograms methyl parath1on and 552 8 

m1crograms of parath1on 

Launder1ng and Weather1ng Equ1pment 

Weather1ng Egu1pment 

An Atlas C135 Fade-Ometer equ1pped w1th a xenon arc lamp was used 
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to determ1ne the effect of weather1ng on pest1c1de res1due The test 

cond1t1ons used to s1mulate one day of weather1ng were temperature 63°C, 

hum1d1ty 65 percent, 1rrad1ance band 1 50 W/m 2 , and test length three 

hours and forty m1nutes The test t1me was determ1ned from data 

collected by the South Flor1da Test1ng Serv1ce (Scott, 1980) They 

determ1ned that an 1rrad1ance level of 1144W/m2 or (1357 hours) would 

be requ1red to prov1de the equ1valent energy of the average yearly 

1rrad1at1on rece1ved at the s1te of the South Flor1da Test1ng Serv1ce 

The three hour and forty m1nute test t1me was der1ved by d1v1d1ng the 

1357 hours per year by 365 days Thus, each weather1ng test per1od 

of three hours and forty m1nutes was the equ1valent of one day of 

sunsh1ne w1th the temperature at 63°C and a hum1d1ty level of 65 per­

cent 

The weather1ng t1me of one day was selected for pract1cal purposes 

Protect1ve cloth1ng 1s expens1ve and pest1c1de handlers are not l1kely 

to own a quant1ty of protect1ve garments It was reasonable to expect 

that handlers would have at least two garments and could allow one 

to hang for one day 

Laundry Egu1pment 

An Atlas Launder-Ometer equ1pped w1th 12 sta1nless steel can1sters 

measur1ng 9 by 20 cent1meters was selected Each can1ster l1d was 

f1tted w1th a neoprene gasket and teflon l1ner F1fty sta1nless steel 

balls 1n each can1ster, prov1ded abras1ve act1on, and the rotat1on of 

launder-ometer rack prov1ded ag1tat1on 



Detergents 

The three detergents represent1ng two surfactant types were 

selected for the three detergent treatments 1n th1s study Detergent 

one conta1ned an an1on1c surfactant, detergent two conta1ned a non-

10n1c surfactant, and detergent three conta1ned a comb1nat1on of 

non1on1c and an1on1c surfactants 

The an1on1c type detergent was selected because the results of 

an on-go1ng study of Oklahoman's w1th respons1b1l1ty for launder1ng 

pest1c1de contam1nated garments 1nd1cated that an an1on1c detergent 

was used most frequently for launder1ng The non1on1c type detergent 

was chosen because 1t was chem1cally formulated to be part1cularly 

effect1ve for o1ly so1l removal (Soaps and Detergents, 1981) The 

detergent w1th comb1ned an1on1c and non1on1c surfactants was selected 

to cap1tal1ze on the pos1t1ve features of both types of detergents 
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A descr1pt1on of the detergents 1s as follows Detergent one con­

ta1ned an an1on1c surfactant, water softeners (complex sod1um phos­

phates, sod1um carbonate), process1ng a1ds (sod1um sulfate), washer 

protect1on agents, fabr1c wh1teners, perfume, and agents to prevent 

depos1t1on The phosphate content was 8 4 percent or the equ1valent of 

6 3 grams of phosphate per three-fourths cup of detergent Detergent 

two conta1ned a non1on1c surfactant, sod1um tr1polyphosphate, protease, 

and amylase Th1s detergent conta1ned a h1gh phosphate content of 14 7 

percent or the equ1valent of 5 7 grams per one-fourth cup of detergent 

Detergent three conta1ned an1on1c and non1on1c surfactants, water 

softeners (complex sod1um phosphate), process1ng a1ds (sod1um sulfate), 

fabr1c wh1teners, washer protect1on agent (sod1um s1l1cates), and 



perfume The Phosphate content was 8 0 percent or the equ1valent of 

5 8 grams per one-half cup of detergent 

Sample Treatment Procedures 

Contam1nat1on of Samples 

Three fabr1c samples, one for each des1gnated laundry detergent, 

were randomly placed on fo1l w1th1n a covered vent1lated hood and con­

tam1nated Three control samples (blanks), one for each des1gnated 

laundry treatment, rece1ved no contam1nat1on and were placed e1ther 
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1n the fade-ometer to be weathered or 1n a launder-ometer can1ster to 

awa1t launder1ng along w1th the contam1nated samples An add1t1onal 

fabr1c sample was placed 1n a cal1brated centr1fuge tube for contam1na­

t1on as a sp1ke Samples were contam1nated w1th 400 m1crol1ters of 

pest1c1de solut1on w1th a Ham1lton 200 m1crol1ter automat1c 1nJect 

p1pette The sp1ke sample was covered w1th ten m1ll1l1ters of acetone, 

wrapped 1n alum1num fo1l and stored 1n the refr1gerator The rema1n1ng 

samples were allowed to dry for one hour and forty-f1ve m1nutes Dr1ed 

samples were e1ther subJected to s1mulated weather1ng or laundered 

1mmed1ately 

Weather1ng of Samples 

Th1rty m1nutes pr1or to the start of the weather1ng test, the 

fade-ometer test cond1t1ons were set and the 1nstrument was allowed to 

stab1l1ze The dr1ed contam1nated samples and the three control 

samples were attached to fade-ometer sample holders w1th double st1ck 

tape to 1nsure that no part of the surface of the fabr1c sample was 

covered by the holder Thus, the ent1re surface of sample was exposed 



to the xenon lamp The samples were placed only on the top port1on of 

the fade-ometer rack for th1s test 

Laundry Preparat1on 
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Wh1le the contam1nated samples were dry1ng, the launder-ometer and 

can1sters were prepared for test1ng The can1sters and l1ds were 

washed Wlth Alconox laboratory detergent and r1nsed w1th tap water, 

de1on1zed water, and d1st1lled water Both can1sters and l1ds were 

labeled w1th tape to 1dent1fy them w1th a contam1nated sample or a 

control sample and an ass1gned detergent treatment One hour before 

beg1nn1ng the laundry process, the launder-ometer tank was f1lled 

Wlth tap water and allowed to heat to the spec1f1ed water temperature 

of 49°C F1fty steel balls, 150 m1ll1l1ters of room temperature 

de1on1zed water, 0 3 m1ll1l1ters detergent, and one fabr1c sample were 

placed 1n each can1ster Can1ster l1ds were f1tted w1th new gaskets 

and teflon l1ners after each repl1cat1on 

Laundry Procedure 

AATCC test method number 61-1980 (Amer1can Assoc1at1on of Text1le 

Chem1sts and Color1sts, 1984) was adapted to establ1sh laundry procedures 

to s1mulate one home launder1ng The wash t1me of 45 m1nutes, as pre­

scr1bed for AATCC test Method 61-1980, was reduced to 15 m1nutes 

Laughl1n et al (1981) est1mated that 15 m1nutes wash t1me 1n the 

launder-ometer was the equ1valent of one ho~e launder1ng The prepared 

can1sters were placed 1n the launder-ometer rack three to a s1de When 

all 12 can1sters were loaded the launder-ometer was operated for two 

m1nutes Then can1ster l1ds were released to equal1ze pressure and 
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reclamped The launder-ometer was operated for 15 m1nutes to s1mulate 

one home launder1ng At the end of the wash cycle, the can1sters were 

removed to the s1nk where the contents of each can1ster were poured 1nto 

a stra1ner w1th a label match1ng the can1ster The fabr1c sample and 

the steel balls were returned to each can1ster 1n preparat1on for the 

r1nse 

R1nse Cycle 

After complet1on of wash cycle, the temperature of the water 1n the 

launder-ometer tank was lowered to 40°C 1n preparat1on for the r1nse 

cycle Samples rece1ved two r1nses, one f1ve-m1nute and one three­

mlnute, each 1n 100 m1ll1l1ters of 40°C de1on1zed water 

Dry1ng 

Wet samples were removed from the can1sters w1th forceps and 

placed on layers of paper towel1ng w1th a fo1l underlay Samples were 

allowed to a1r dry for two hours before be1ng stored to awa1t extrac­

tlon and analys1s 

Storage and Extract1on 

Dr1ed samples were rolled up w1th forceps and put 1nto 15 m1ll1-

l1ter cal1brated K1mb1e bottles w1th screw tops Ten m1ll1l1ters of 

nanograde acetone were added to each bottle to extract the pest1c1de 

Capped bottles were fo1l wrapped, shaken for 20 m1nutes on a Yankee 

P1pette Shaker to a1d extract1on, and stored 1n the refr1gerator for 24 

hours After 24 hours the fabr1c sample was removed from each bottle and 

d1scarded The bottles conta1n1ng the extracted solut1on were rewrapped 

and placed 1n the refr1gerator to awa1t analys1s by gas chromatograph 
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Acetone was used to extract pest1c1de contam1nat1on from the Gore­

Te~ fabr1c samples To determ1ne how well the acetone extracted the 

pest1c1de from the fabr1c samples, three fabr1c samples were placed 1n 

15 m1ll1l1ter bottles, and 400 m1crol1ters of the pest1c1de solut1on 

were p1petted onto each test fabr1c sample Ten m1ll1l1ters of acetone 

were added to each bottle The bottles were fo1l wrapped and placed 

1n the refr1gerator for 24 hours After 24 hours the fabr1c samples 

were then d1scarded and the rema1n1ng acetone and pest1c1de solut1ons 

were gas chromatograph analyzed to determ1ne the quant1ty of pest1c1de 

conta1ned 1n each solut1on A 98 3 percent extract1on eff1c1ency was 

found 

Gas Chromatograph 

The extracted pest1c1de solut1on from the test fabr1c was analyzed 

by a Tracer 560 Gas Chromatograph w1th a flame 10n1zat1on detector 

The chromatograph column was 5 percent OV-1 w1th mesh s1ze of 80/100 

on Supelcoport The sett1ngs were hel1um flow 3 0 pounds per square 

1nch (ps1), a1r 1 2 {ps1), and hydrogen 30 0 (ps1) The selected 

cond1t1ons were oven temperature 200°C, 1nJeCt1on port 250°C, flame 

detector 230°C 

InJect1ons of three volumes of standard solut1ons of both methyl 

parath1on and parath1on were 1nJected da1ly pr1or to runn1ng the 

samples The strength of both standards was 0 05 m1crograms/m1crol1ter 

d1luted 1n 10 m1ll1l1ters of acetone A l1near regress1on curve was 

establ1shed w1th a des1red correlat1on coeff1c1ent of 0 995 or better 

F1ve m1crol1ters of the sample extracts, and three m1crol1ters of the 

sp1ke extracts were 1nJected w1th a Ham1lton 10 0 m1crol1ter syr1nge 



Procedure was repl1cated three t1mes and the peak areas were averaged 

After every f1ve samples, an 1nJect1on of 1 0 m1crol1ter of the methyl 

parath1on standard was made to check the cons1stency of chromatograph 

A new septa was 1nserted 1n 1nJect port after every 30 1nJeCt1ons At 

the end of each day•s runs both the methyl parath1on and parath1on 

standards were re1nJected 
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The gas chromatograph was connected to a Hewlett Packard 3990 

Integrator recorder w1th sett1ngs of retent1on 0 00, chart speed 1 0 

cent1meters per m1nute, peak w1dth 0 04, threshold 0, and area reJeCtlon 

0 The 1nteqrator was programmed to compute peak retent1on t1me, and 

peak area A Texas Instruments Model 59 stat1st1cal calculator was 

programmed to convert peak areas 1nto concentrat1on of m1crograms of 

pest1c1de 1nJected on column, to determ1ne the concentrat1on of 

m1crograms per m1crol1ter per 1nJeCt1on of pest1c1de extract, and, to 

determ1ne the m1crograms of pest1c1de per fabr1c sample recovered 

Stat1st1cal Analys1s of Data 

An analys1s of var1ance (ANOVA) was used to determ1ne the effect of 

detergent treatments and weather1ng for both Phase I and Phase II A 

separate stat1st1cal analys1s was completed for methyl parath1on and 

parath1on A Duncan•s mult1ple range post hoc test was used to d1s­

t1ngu1sh between groups of s1gn1f1cant means 



CHAPTER IV 

RESULTS AND DISCUSSION 

The f1nd1ngs of th1s research are presented 1n three parts Phase 

I and Phase II results and d1scuss1on are g1ven 1n Parts 1 and 2 

respect1vely A compar1son of Phase I and Phase II 1s the focus of 

the th1rd part The purpose of Phase I was to determ1ne the methyl 

parath1on and parath1on res1due rema1n1ng 1n the Gore-Tex® test fabr1c 

and to determ1ne the effects of detergent treatments and s1mulated 

weather1ng treatments Phase II determ1ned whether repeated contam1na­

t1ons and subsequent s1mulated weather1ng and detergent treatments 1n­

fluenced pest1c1de res1dues rema1n1ng 1n the test fabr1c Pest1c1de 

res1due bu1ld-up over t1me was also exam1ned 

Results of Phase I 

Removal of Parath1on 

In the weathered samples the mean percentage of parath1on res1due 

reta1ned after one launder1ng ranged from 31 91 to 38 02 percent 

(Table III) An exam1nat1on of the means 1nd1cated that all of the 

detergents removed s1m1lar amounts of parath1on The mean percentage 

of parath1on reta1ned 1n the unweathered samples after one launder1ng 

ranged from 40 09 to 46 16 percent A compar1son of the weathered 

and unweathered sample means suggested that weathered samples 
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TABLE III 

MEAN PERCENT PARATHION RETAINED AFTER ONE LAUNDERHIG 

Var1ab1e Weathered Unweathered 

Std Std 
Percent ].lg/Samp1e Dev Percent ].lg/Samp1e Dev 

Detergent 1 37 23 205 67 24 99 40 09 265 77 26 97 

Detergent 2 31 91 178 03 23 74 43 80 245 17 30 44 

Detergent 3 38 02 209 80 42 33 46 16 255 20 30 61 

Grand ~1ean 35 72 197 83 43 08 255 38 



reta1ned less parath1on after one launder1ng than d1d the unweathered 

samples 

A 2x3 random1zed block spl1t plot analys1s of var1ance was used 

to test the effect of weather1ng and detergent treatments on the 

removal of parath1on from the test fabr1c An exam1nat1on of the 

source table (Table IV) 1nd1cated that there was no s1gn1f1cant 1nter­

act1on of weather1ng and detergent treatments (p< 05) Exam1nat1on 

of the ma1n effects (detergent treatments and weather1ng) 1nd1cated 

that detergent treatments were not s1gn1f1cantly d1fferent (p<O 05) 

but the weather1ng treatment was s1gn1f1cant (p< 04) The grand mean 

percent of parath1on res1due reta1ned regardless of detergent treat­

ment was 35 72 1n the weathered samples and 43 08 1n the unweathered 

samples (Table III) Thus, weather1ng d1d have a pos1t1ve effect on 

the parath1on removal from the test fabr1c samples 

Removal of Methyl Parath1on 
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The mean percentage of methyl parath1on res1due reta1ned 1n the 

weathered samples after one launder1ng ranged from 7 41 to 22 44 per­

cent (Table V) A v1sual exam1nat1on of the weathered sample means 

revealed that detergent one, conta1n1ng an an1on1c surfactant and 

detergent three, conta1n1ng both an1on1c and non1on1c surfactants were 

approx1mately equal 1n the1r effect1veness for remov1ng methyl parath1on 

Detergent two conta1n1ng a non1on1c surfactant appeared to perform 

better than the other two detergents In the unweathered samples the 

mean percentage of methyl parath1on res1due reta1ned after one launder­

lng ranged from 22 04 to 24 55 percent (Table V) An exam1nat1on of the 

means 1nd1cated that all three detergents were s1m1larly effect1ve 1n 



TABLE IV 

ANALYSIS OF VARIANCE TABLE - WEATHERING AND DETERGENTS 
FOR PARATHION AFTER ONE LAUNDERING 

Sum of Degrees of Mean 
Source Squares Freedom Square 

Total 33472 13 17 

Between Weather1ng 22545 88 5 
Block 6453 31 2 3226 65 
Weather1ng 14901 13 1 14901 13 
Error (Weather1ng) 1191 44 2 595 72 

W1th1n Weather1ng 10926 25 12 
Treatments 2057 54 2 1028 77 
Weather1ng (Treatments) 358 94 2 197 47 
Error (Treatments) 8499 75 8 1062 47 

*S1gn1f1cant at the 05 1 evel 

TABLE V 

MEAN PERCENT METHYL PARATHION RETAINED 
AFTER ONE LAUNDERING 

Var1able Weathered Unweathered 

Std 
Percent ].!9/Sample Dev Percent f.!Q/Samp1 e 

Detergent 1 19 30 70 83 22 83 23 54 86 43 

Detergent 2 7 41 40 80 17 84 22 04 85 47 

Detergent 3 22 44 81 90 32 65 24 55 90 10 

Grand Mean 16 38 64 51 23 37 81 33 
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F Rat1o 

5 42 
25 01* 

0 97 
0 17 

Std 
Dev 

20 37 

35 05 

27 55 



remov1ng methyl parath1on from the test fabr1c A compar1son of the 

weathered and unweathered sample means 1nd1cated that all of the 

weathered samples regardless of detergent treatment reta1ned less 

methyl parath1on res1due than d1d the unweathered samples Thus, 1t 

appeared that weather1ng a1ded 1n methyl parath1on reMoval from the 

test fabr1c 
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A 2x3 random1zed block spl1t plot analys1s of var1ance was used to 

test the effect of weather1ng and detergent treatments on the removal 

of methyl parath1on from the test fabr1c An exam1nat1on of the data 

1n Table VI 1nd1cated there was no s1gn1f1cant 1nteract1on of weather­

lng and laundry treatments (p< 05) An exam1nat1on of the ma1n effects 

(detergent treatments and weather1ng) 1nd1cated that the detergent 

treatments were not s1gn1f1cantly d1fferent (p< 05) Weather1ng was 

s1gn1f1cant (P< 03) The grand mean percent of methyl parath1on 

res1due reta1ned, regardless of detergent, was 16 38 percent 1n the 

weathered samples and 23 37 percent 1n the unweathered samples (Table 

V) Thus, there was a cons1stent pattern for the weathered samples 

to reta1n less methyl parath1on and parath1on res1due than the un­

weathered samples 

Add1t1onally, an exam1nat1on of the data presented 1n Table VI 

1nd1cated a s1gn1f1cant block effect at the 0 01 level The s1gn1f1-

cant block effect may be attr1buted to a nonhomogeneous solut1on of the 

pest1c1de used for contam1nat1ng the samples The pest1c1de was a 

m1xture conta1n1ng parath1on and methyl parath1on to wh1ch water was 

added to make 1t a f1eld strength concentrat1on Acetone was added to 

1mprove the l1kel1hood of the pest1c1de stay1ng 1n a homogeneous 

solut1on Desp1te th1s effort, the methyl parath1on may not have been 

homogeneous from day to day as each repl1cat1on was completed 



TABLE VI 

ANALYSIS OF VARIANCE TABLE - WEATHERING AND DETERGENTS FOR 
METHYL PARATHION AFTER ONE LAUNDERING 

Sum of Degrees of Mean 
Source Squares Freedom Square 

Total 18079 80 17 

Between Weather1ng 12535 13 5 
Block 10048 69 2 5024 35 
Weather1ng 2342 70 1 2342 70 
Error (Weather1ng) 143 74 2 71 87 

W1th1n Weather1ng 5544 69 12 
Treatments 1635 41 2 817 71 
Weather1ng (Treatments) 1115 46 2 557 73 
Error (Treatments) 2793 82 8 349 23 

*S1gn1f1cant at the 01 1 evel 

**S1gn1f1cant at the 05 level 
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F Rat1o 

69 91* 
32 60** 

2 34 
1 60 



Summary-D1scuss1on of Phase I F1nd1ngs 

Hypotheses one and two fa1led to be reJected Thus, detergent 

treatments d1d not s1gn1f1cantly 1nfluence pest1c1de removal from the 

test fabr1c Hypotheses three and four were reJected, the weather1ng 

treatment s1gn1f1cantly reduced the parath1on and methyl parath1on 

res1due reta1ned 1n the test fabr1cs 

Weather1ng Effect 

Samples that were subJected to s1~ulated weather1ng reta1ned s1g­

n1f1cantly lower amounts of methyl parath1on and parath1on res1due 

It 1s not known whether any one of the weather1ng components was more 

1nfluent1al on the break down of the pest1c1de from the test fabr1c 

Th1s f1nd1ng agrees w1th pest1c1de degradat1on stud1es wh1ch found 
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that pest1c1des broke down 1n the natural env1ronment due to the 1nter­

act1on of heat, l1ght, hum1d1ty, organ1c and 1norgan1c substances over 

t1me No research on the degradat1on of pest1c1des 1n fabr1c have 

been found However, pest1c1de degradat1on stud1es us1ng other products 

found that pest1c1des do break down over t1me 1n the presence of a 

var1ety of med1ums Dav1es et al (1977) found that concentrated 

methyl parath1on sp1lled on cement blocks and exposed to sunl1ght, 

natural heat, and mo1sture decayed after three months exposure, wh1le 

methyl parath1on sp1lled on cement blocks and stored 1ndoors free from 

sunl1ght and mo1sture took four and one-half months to decay Thus, 

the sunl1ght, mo1sture, and temperature effect on the samples stored 

outdoors appeared to accelerate the decay of the pest1c1de Sharom and 

M1les (1981) found that parath1on, added to water, completely d1sappeared 

after be1ng stored at room temperature for two weeks Kawar, Gunther, 



and Iwata (1978) also determ1ned that parath1on laden w1ne conta1ned 

s1gn1f1cantly lower levels of parath1on after two months of storage 

Draper and Street (1981) found that methyl parath1on appl1ed to 

alfalfa 1n Utah dur1ng July (sunl1ght, temperature, and hum1d1ty 

unknown) decayed s1gn1f1cantly w1th1n 28 hours after appl1cat1on 

Wolfe et al (1975) found that parath1on appl1ed to apple orchards 1n 

Wash1ngton 1n June (sunl1ght, temperature, and hum1d1ty unknown) de­

creased by approx1mately SO percent w1th1n 24 hours after appl1cat1on 

Thus, prev1ous research 1nd1cates that the t1me requ1red for parath1on 

and methyl parath1on to decay var1es from a few hours to several 

months Decay may be related to a complex 1nteract1on of var1ables 

w1th the pest1c1de Wh1ch var1able (heat, sunl1ght, hum1d1ty) con­

tr1buted most to pest1c1de break down 1s unknown 

Contam1nated fabr1c samples that rece1ved the weather1ng treat­

ments 1n the fade-ometer had brown sta1ns after one laundry cycle 

Whether the sta1ns were res1dues of the pest1c1de or some nonact1ve 

1ngred1ent 1n the carr1er solut1on of the commerc1al-grade pest1c1de 

solut1on 1s unclear However, there 1s 1nd1cat1on that one or more 

of the weather1ng var1ables of heat, l1ght, or hum1d1ty 1nteracted to 

form the sta1ns as no sta1n1ng was observed 1n any of the contam1nated 

samples that d1d not rece1ve weather1ng treatments 

Detergent Effect 
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H1gh percentages of both methyl parath1on and parath1on res1dues 

were reta1ned 1n the Gore-Tex® regardless of the detergent used F1ber 

content may have contr1buted to pest1c1de res1due retent1on 1n the 

Gore-Tex® The nylon components of the Gore-Te~ fabr1c were 



hydrophob1c 1n nature Thus, the Gore-Te~ fabr1c was d1ff1cult to 

wet 1n an aqueous med1um Bowers and Chantrey (1969) found that the 

hydrophob1c1ty of a fabr1c was related to ease of so1l removal Those 

that were d1ff1cult to wet w1th water were d1ff1cult to clean us1ng 
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an aqueous laundry l1quor The nylon f1ber of the Gore-Te~, 1n 

add1t1on to be1ng hydrophob1c, had an oleoph1l1c property Wh1le the 

f1ber repelled water, 1t had the potent1al to absorb the o1ly pest1-

C1de Easter (1982) l1kew1se, found that fabr1cs composed of synthet1c 

f1bers were more d1ff1cult to decontam1nate of Guth1oriiD and captan than 

fabr1cs conta1n1ng cotton f1bers Desp1te these stud1es 1nd1cat1ng 

greater d1ff1culty 1n remov1ng pest1c1des from synthet1c fabr1cs, 

Obendorf, Namaste, and Durnam (1983), and Solbert and Obendorf (1985) 

d1d not f1nd malath1on and methyl parath1on absorbed 1nto the 1nter1or 

of nylon, polyester, or acryl1c Rather they found a th1n o1ly f1lm 

un1formly d1str1buted on the exter1or of the f1bers Further research 

1s needed to better understand the mechan1sms at work 

Add1t1onally, factors other than the oleoph1l1c propert1es of 

synthet1c fabr1cs may have contr1buted to pest1c1de retent1on 1n the 

Gore-Tex® Bowers and Chantrey (1969) found that fabr1c construct1on 

1nfluenced d1slodgement of o1ly so1l by 1nh1b1t1ng c1rculat1on of 

detergent solut1on through the 1nterf1ber cap1llary system formed by 

the close spaces between the f1ne f1lament f1bers Brown, Thompson, 

and Stewart (1968) determ1ned that res1dual o1ly so1l was predom1nately 

located on f1ber surfaces and 1n the 1nterf1ber spaces of the yarns 

Bowers and Chantrey (1969) found that a t1ghtly woven fabr1c w1th h1gh 

tw1st yarns was more d1ff1cult to clean than a loosely woven fabr1c 

w1th low tw1st yarns Thus, the construct1on of Gore-Tex®, a t1ghtly 



woven nylon r1p-stop lam1nated to the 1mpermeable membrane, may have 

contr1buted to the h1gh res1due retent1on because the laundry l1quor 

could not c1rculate through the fabr1c dur1ng the laundry process to 

d1slodge and carry away the pest1c1de res1due 
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The pest1c1de res1dues reta1ned 1n the Gore-Te~ ranged from 7 41 

to 46 16 percent However, the quant1ty of the pest1c1de ava1lable for 

dermal absorpt1on 1s unknown The pest1c1de contam1nat1on was appl1ed 

to the layer of the Gore-Tex® that would be worn away from the sk1n 1n 

a protect1ve garment If the pest1c1de res1due rema1ned on the surface 

layer of the Gore-Tex® after launder1ng, the 1mpermeable m1croporous 

f1lm of the Gore-Te~ would prevent the pest1c1de from dermal contact 

If, however, the pest1c1de transferred 1nto the laundry l1quor and re­

deposlted on the uncontam1nated layer of Gore-Te~, a potent1al health 

hazard may occur Whether the res1due reta1ned 1n the Gore-Te~ bonded 

to the synthet1c f1bers as a result of treatments or whether 1t could 

transfer after launder1ng to the sk1n 1s unknown Thus, add1t1onal 

1nvest1gat1on to determ1ne the prec1se locat1on and ava1lab1l1ty of 

the pest1c1de for dermal transfer 1s necessary before Gore-Tex® could 

be recommended as a v1able fabr1c for use 1n protect1ve garments 

Results of Phase II 

Removal of Repeat Contam1nat1on 

of Parath1on 

The mean m1crograms per sample of parath1on res1due reta1ned 1n 

the weathered samples, f1ve t1mes contam1nated and laundered, ranged from 

154 65 ~g to 220 07 ~g (Table VII) An exam1nat1on of the means of 

the weathered samples revealed that detergents two and three were more 



Vanab1e 

Detergent 1 

Detergent 2 

Detergent 3 

Grand Mean 

TABLE VII 

MEAN PARATHION RESIDUE RETAINED 
AFTER FIVE LAUNDERINGS 

Weathered 

Std 
J..l9/Samp1e Dev 

220 07 11 71 

159 93 8 44 

154 65 40 98 

178 22 
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Unweathered 

Std 
J..lQ/Samp1e Dev 

312 23 22 64 

195 34 17 69 

292 19 11 33 

266 59 
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effect1ve than detergent one 1n remov1ng parath1on from the test fabr1c 

Parath1on, measured 1n m1crograms per sample, reta1ned 1n the unweathered 

samples ranged from 195 34 ~g to 312 23 ~g An exam1nat1on of the data 

1n Table VII shows that detergent two removed parath1on better than 

detergents one and three The grand mean parath1on res1due reta1ned, 

regardless of detergent treatment 1n the weathered samples was 178 22 ~g 

as compared to 266 59 ~g 1n the unweathered samples (Table VII) 

A 2x3 random1zed spl1t plot analys1s of var1ance was used to test 

the effect of weather1ng and detergent treatments on the removal of 

parath1on from the test samples An exam1nat1on of the data 1n Table 

VIII 1nd1cated a s1gn1f1cant 1nteract1on of weather1ng and detergent 

(p< 02) The comb1nat1on of detergent two and weather1ng y1elded the 

least amount of parath1on res1due It should also be noted that 

var1ab1l1ty was a problem, part1cularly w1th detergent three weathered 

samples Also, detergent was s1gn1f1cant (p< 01) and weather1ng was 

s1gn1f1cant (p< 04), w1th the weathered samples reta1n1ng less parath1on 

than the unweathered samples A Duncan•s mult1ple range post-hoc test 

(Table IX) showed that the means of the unweathered samples laundered 

1n detergents one and three were not s1gn1f1cantly d1fferent (p< 05) 

from each other but were s1gn1f1cantly d1fferent from all other means 

The mean of the weathered sample laundered 1n detergent one and the 

unweathered sample laundered 1n detergent two were not s1gn1f1cantly 

d1fferent (p< 05) from each other The means of the weathered samples 

laundered 1n detergents two and three and the mean from the unweathered 

sample laundered 1n detergent two were not s1gn1f1cantly d1fferent 

(p< 05) from each other Those ~eans des1gnated 1n Table IX w1th the 

letter C reflect the least amount of res1due reta1ned 



TABLE VIII 

ANALYSIS OF VARIANCE TABLE - WEATHERING AriD DETERGENTS 
FOR PARATHION AFTER FIVE LAUNDERINGS 

Sum of Degrees of Mean 
Source Squares Freedom Square 

Total 75036 01 17 

Between Weather1ng 39499 91 5 
Block 1854 82 2 927 41 
Weather1ng 35144 31 1 35144 31 
Error (Weather1ng) 2500 78 2 1250 39 

W1th1n Weather1ng 35536 10 12 
Treatments 23513 15 2 11756 58 
~lea ther1 ng (Treatments) 7856 81 2 3928 41 
Error (Treatments) 4166 14 8 520 76 

*S1gn1f1cant at the 05 level 
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F Rat1o 

28 11* 

22 58* 
7 54* 



TABLE IX 

DUNCAN 1S MULTIPLE RANGE TEST FOR PARATHION 
RESIDUE BY DETERGENTS AFTER 

FIVE LAUNDERINGS 

Mean 
Var1able )lg/Sample Duncan•s Group1ngsa 

Detergent 1 (Unweathered) 312 23 A 

Detergent 3 (Unweathered) 292 19 A 

Detergent 1 (Weathered) 220 07 B 

Detergent 2 (Unweathered) 195 34 B c 
Detergent 2 (Weathered) 159 93 c 
Detergent 3 (Weathered) 154 65 c 

aMeans w1th the same letter are not s1gn1f1cantly 
d1fferent 
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Removal of Repeat Contam1nat1on 

of Methyl Parath1on 
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The mean m1crograms per sample of methyl parath1on res1due reta1ned 

1n the weathered samples repeatedly contam1nated and laundered ranged 

from 51 7 ~g to 74 58 ~g (Table X) A v1sual exam1nat1on of the means . 
of the weathered samples suggests that detergent two was more effect1ve 

1n remov1ng methyl parath1on than detergents one and three Methyl 

parath1on res1due, measured 1n m1crograms per sample, rema1n1ng 1n the 

unweathered samples, after f1ve consecut1ve contam1nat1ons and launder-

1ngs, ranged from 62 34 ~g to 100 09 ~g (Table X) A s1m1lar pattern 

for more effect1ve methyl parath1on removal by detergent two was ob­

served w1th the unweathered test fabr1c samples The grand mean methyl 

parath1on res1due reta1ned, regardless of detergent treatment, 1n the 

weathered samples was 65 60 ~g as compared to 83 96 ~g 1n the unweathered 

samples Thus, weather1ng cons1stently showed a pos1t1ve effect on the 

removal of methyl parath1on from the test fabr1c samples 

A 2x3 random1zed block spl1t plot analys1s of var1ance was used 

to test the effect of weather1ng and detergent treatments on the removal 

of methyl parath1on from the test samples An exam1nat1on of the data 

1n Table XI 1nd1cated no s1gn1f1cant 1nteract1on between weather1ng 

and detergent treatments Therefore, the ma1n effects of weather1ng 

and detergents were exam1ned Weather1ng was not s1gn1f1cant (p< 05) 

A poss1ble explanat1on for the weather1ng not be1ng s1gn1f1cant may 

be attr1buted to the construct1on of the Gore-Tex® fabr1c Because 

contam1nat1on was repeated, the pest1c1de may have penetrated beneath 

the surface of the f1rst fabr1c layer where the l1ght of the fade-ometer 

would not be ava1lable to break down the chem1cal The detergent 



TABLE X 

MEAN METHYL PARATHION RESIDUE RETAINED 
AFTER FIVE LAUNDERINGS 
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Van able Weathered Unweathered 

Std 
llg/Sam~le Dev ll9/Sample 

Detergent 1 74 58 572 89 47 

Detergent 2 51 71 5 59 62 34 

Detergent 3 70 58 5 37 100 09 

Grand Mean 65 60 83 96 

TABLE XI 

ANALYSIS OF VARIANCE TABLE - WEATHERING AND DETERGENTS FOR 
METHYL PARATHION AFTER FIVE LAUNDERINGS 

Sum of Degrees of Mean 
Source Squares Freedom Square 

Total 6267 98 17 

Between Weather1ng 2682 74 5 
Block 584 17 2 292 09 
Weather1ng 1499 51 1 1499 51 
Error (Weather1ng) 599 06 2 299 53 

W1th1n Weather1ng 3585 25 12 
Treatments 2892 12 2 1446 06 
Weather1ng (Treatments) 285 08 2 142 54 
Error (Treatments) 408 04 8 51 01 

*S1gn1f1cant at the 01 1 evel 

Std 
Dev 

11 28 

10 38 

14 22 

F Rat1o 

0 98 
5 01 

28 35* 
2 79 



treatment was s1gn1f1cant (p< 05) These f1nd1ngs confl1ct w1th the 

f1nd1ngs of Phase I, where after one launder1ng, weather1ng d1d s1g­

n1f1cantly affect methyl parath1on removal and detergent treatments 

d1d not 

One poss1ble explanat1on for the s1gn1f1cant detergent effect 

found 1n Phase II m1ght be attr1buted to the non1on1c surfactant's 

aff1n1ty for removal of o1ly so1ls Accord1ng to Soaps and Detergents 

(1974), the non1on1c type detergents should be part1cularly effect1ve 

for remov1ng o1ly type so1ls because of the1r chem1cal compos1t1on 

Typ1cally, surfactants have two parts a hydrophob1c part and a 

hydroph1l1c part The hydrophob1c part has an aff1n1ty for 011 wh1le 

the hydroph1l1c part has an aff1n1ty for water Thus, the oppos1te 

forces 1mposed by the two parts of the surfactants pull the o1ly so1l 

from the fabr1c surface and suspend 1t 1n the wash water unt1l 1t 1s 

carr1ed away The non1on1c type surfactant has a larger hydroph1l1c 

part and more power to pull o1ly so1l from the fabr1c Perhaps 

repeated launder1ngs were necessary before a trend for more effect1ve 

performance by detergent two became s1gn1f1cant An exam1nat1on of 

the data 1n Table VII 1nd1cated that, w1th the except1on of the 

weathered parath1on contam1nated samples laundered 1n detergent three, 

there was a cons1stent pattern for detergent two to perform more 

effect1vely than detergents one and three 
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The more eff1c1ent performance of detergent three 1n the weathered 

samples m1ght be attr1buted to the large var1ab1l1ty w1th1n the samples 

laundered 1n detergent three When the gas chromatograph analys1s of 

the second repl1cat1on of samples, laundered 1n detergent three, was 1n 

progress the a1r supply to the gas chromatograph d1m1n1shed due to low 
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volume of a1r 1n the supply tank When the a1r supply was restored the 

gas chromatograph equ1pment reg1stered an 1ncreased sens1t1v1ty for 

measur1ng parath1on wh1ch resulted 1n marked var1ab1l1ty 1n the data 

Summary-D1scuss1on of Phase II F1nd1ngs 

Hypothes1s f1ve was reJected Detergent treatments were not 

s1gn1f1cantly d1fferent for remov1ng parath1on res1dues from the test 

fabr1c Hypothes1s s1x fa1led to be reJected Thus, detergent treat­

ments were s1gn1f1cantly d1fferent for remov1ng methyl parath1on 

res1dues from the test fabr1c Hypothes1s seven fa1led to be reJected 

Thus, weather1ng treatments d1d s1gn1f1cantly reduce parath1on res1dues 

1n the test fabr1c Hypothes1s e1ght was reJected Weather1ng treat­

ments d1d not s1gn1f1cantly reduce methyl parath1on 1n the test fabr1c 

Parath1on Removal 

There was a cons1stent pattern for the weathered samples f1ve 

t1mes contam1nated and laundered to reta1n less parath1on res1due than 

the unweathered samples Detergent two performed more effect1vely 

than other detergents tested for remov1ng parath1on from the test 

fabr1c 1n the unweathered samples In the weathered samples detergent 

two d1d not perform more effect1vely than detergent three, but both 

performed more effect1vely than detergent one 

Methyl Parath1on Removal 

Weather1ng was not s1gn1f1cant for removal of methyl parath1on 1n 

f1ve t1mes contam1nated and laundered samples Wh1le weather1ng was 

not s1gn1f1cant, there was a cons1stent trend for the weathered samples 



to reta1n less methyl parath1on Var1ab1l1ty 1n the study could be 

respons1ble for d1fferences 1n weather1ng effects between Phase I and 

II Further research w1th a larger number of samples and an 1ncrease 

1n the number of repl1cat1ons would be necessary before any def1n1te 

conclus1ons could be drawn regard1ng the effect of weather1ng on the 

break down of methyl parath1on 1n Gore-Te~ fabr1c 
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There was a s1gn1f1cant detergent effect for removal of methyl 

parath1on An exam1nat1on of the means of the methyl parath1on res1due 

(Table X) 1nd1cated that detergent two was more effect1ve for methyl 

parath1on removal than was e1ther of the other two detergents As 

was expla1ned prev1ously, the non1on1c surfactant w1th an aff1n1ty 

for remov1ng o1ly so1ls may have been respons1ble for the more effect1ve 

performance Fabr1c, f1ber, and pest1c1de character1st1cs 1ncluded 

1n the d1scuss1on of Phase I would also apply to Phase II 

Compar1son of Phase I and 

Phase II F1nd1ngs 

Though not stat1st1cally tested, a subJeCt1ve compar1son of the 

results of Phase I and Phase II was made to determ1ne whether pest1c1de 

res1due bu1lt-up 1n samples repeatedly contam1nated and subJected to 

the weather1ng and detergent treatments The grand mean parath1on 

res1due reta1ned 1n weathered samples of Phase I was 197 83 ~g as com­

pared to the grand mean of 178 22 ~g 1n Phase II samples (Table XII) 

Observat1on of the grand means 1nd1cated a small d1fference between the 

res1due reta1ned 1n the repeatedly contam1nated and laundered samples 

subJected to weather1ng and one t1me contam1nat1on and launder1ng 

samples However, an observat1on of the grand means of unweathered 



Samples 

Weathered 

TABLE XII 

COMPARISON OF GRAND MEANS OF PHASE I AND 
PHASE II FOR PARATHION 

Phase I 

Percent illL 

197 83 

Unweathered 

35 72 

43 35 255 38 

Phase II 

~ 

178 22 

266 59 
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parath1on res1due reta1ned 1n Phase I was 255 38 ~g per sample compared 

to 266 59 ~g per sample 1n Phase II (Table XII) Thus, 1n the un­

weathered samples no ev1dence of a bu1ld-up of parath1on was apparent 

The grand mean methyl parath1on res1due reta1ned 1n the weathered 

samples of Phase I was 64 51 ~g (Table XIII) as compared to 65 60 ~g 

res1due reta1ned 1n samples from Phase II These observat1ons 1nd1cated 

no bu1ld-up of methyl parath1on 1n repeatedly contam1nated, laundered, 

and weathered samples In the unweathered methyl parath1on contam1nated 

samples, the Phase I grand mean res1due reta1ned was 87 33 ~g compared 

to 83 96 ~g for the grand mean of Phase II (Table XIII) Thus, aga1n 

there was no ev1dence of bu1ld-up after repeated contam1nat1ons and 

launder1ng 

Compar1son of Removal of Parath1on 

and Methyl Parath1on 

Because both methyl parath1on and parath1on were conta1ned 1n the 

commerc1al grade pest1c1de used 1n th1s study, no stat1st1cal test could 

be made co~par1ng res1due retent1on due to pest1c1de However, subJeC­

tlve observat1ons were made of the percents of methyl parath1on and 

parath1on reta1ned 1n Phase I The mean percent of pest1c1de reta1ned 

1n the weathered samples was 16 38 percent for methyl parath1on and 

35 72 percent for parath1on In the unweathered samples the grand mean 

percent methyl parath1on was 23 37 percent and 43 35 percent 1n un­

weathered parath1on samples Thus, 1t appears that parath1on was more 

d1ff1cult to decontam1nate from Gore-Te~ than was the methyl parath1on 



Samples 

Weathered 

TABLE XIII 

COMPARISON OF GRAND MEANS OF PHASE I AND 
PHASE II FOR METHYL PARATHION 

Phase I 

Percent .bill. 

64 51 

Unweathered 

16 38 

23 37 87 33 

Phase II 

.bill. 

65 60 

83 96 
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CHAPTER V 

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS 

Increased use of pest1c1des 1n all segments of the agr1cultural 

1ndustry have resulted 1n a grow1ng potent1al for pest1c1de handlers to 

exper1ence dermal exposure Because absorpt1on of pest1c1des through 

the sk1n may be hazardous to health, there 1s a need for comfortable 

and cleanable protect1ve garments to guard aga1nst exposure 

Summary of Equ1pment and Procedures 

The purpose of Phase I was to determ1ne the methyl parath1on and 

parath1on res1due rema1n1ng 1n the Gore-Tex® test fabr1c and to 

determ1ne the effects of detergent treatments and s1mulated weather1ng 

treatments Phase II determ1ned whether repeated contam1nat1ons and 

subsequent s1mulated weather1ng and detergent treatments 1nfluenced 

pest1c1de res1due rema1n1ng 1n the test fabr1c Pest1c1de res1due 

bu1ld-up over t1me was also exam1ned 

A commerc1al-grade organophosphate pest1c1de conta1n1ng both 

methyl parath1on and parath1on was selected for th1s research A work­

lng solut1on conta1n1ng an average of 917 m1crograMs of Methyl 

parath1on and 1382 m1crograms of parath1on per m1crol1ter was m1xed 

w1th 50 percent d1st1lled water and 50 percent nanograde acetone Four 

hundred m1crol1ters of the solut1on was p1petted onto the surface of 
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each test fabr1c sample Each 400 m1crol1ters conta1ned 367 m1crograms 

of methyl parath1on and 552 8 m1crograms of parath1on 

One test fabr1c, Gore-Tex® was selected Pr1or research 1dent1-

f1ed Gore-Te~ as 1mpermeable to selected tested pest1c1des and hav1ng 

a s1m1lar thermal comfort level of cotton chambray Gore-Tex® was a 

three layered fabr1c w1th an outer layer of r1p-stop nylon, an 1nner 

layer of nylon tr1cot, and a m1croporous f1lm of polytetrafluorecethylene 

lam1nated to the two other fabr1c layers 

Half of the contam1nated samples were subJected to s1mulated 

weather1ng cond1t1ons 1n an Atlas C135 Fade-Ometer equ1pped w1th a 

xenon arc lamp before be1ng laundered Weather1ng cond1t1ons selected 

were temperature 63°C, hum1d1ty 65 percent, 1rrad1ance band of 1 50 w/m2 , 

and cond1t1on1ng t1me three hours and forty m1nutes The other half 

of the contam1nated samples rece1ved only laundry treatments 

The samples rece1v1ng only laundry treatments and the weathered 

samples were laundered at the same t1me 1n an Atlas Launder-Ometer 

equ1pped w1th 12 sta1nless steel can1sters f1tted w1th teflon-l1ned 

l1ds In add1t1on to a fabr1c sample, each can1ster conta1ned 50 

steel balls, 200 m1ll1l1ters of de1on1zed water, and 0 3 m1ll1l1ters 

detergent Wash water temperature was 49°C and the r1nse water 

temperature was 40°C 

Three phosphate detergents represent1ng two surfactant types were 

chosen Detergent one conta1ned an an1on1c surfactant, detergent two 

conta1ned a non1on1c surfactant, and detergent three conta1ned both an 

an1on1c and a non1on1c surfactant 

Laundered samples were placed 1n 15 m1ll1meter glass cal1brated 

bottles and covered w1th 10 m1ll1l1ters of acetone Bottled samples 
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were wrapped 1n alum1num fo1l, shaken 15 m1nutes on a p1pette shaker, 

then stored 1n a refr1gerator 24 hours to self-extract before be1ng 

removed and d1scarded The extract was analyzed for pest1c1de res1dues 

by 1nJeCt1on on a gas chromatograph equ1pped w1th a flame 1on1zat1on 

detector 

Methyl parath1on and parath1on were analyzed separately us1ng 

a 2x3 random1zed block spl1t plot analys1s of var1ance to test the 

effect of weather1ng and detergent treatments on the pest1c1de res1due 

reta1ned 1n laundered test fabr1c samples 

Summary of F1nd1ngs 

Phase I 

The grand mean of percent parath1on res1due reta1ned 1n the 

weathered and laundered samples was 35 72 percent compared to 43 08 

percent 1n the unweathered and laundered samples An analys1s of 

var1ance 1nd1cated weather1ng was s1gn1f1cant (p< 05) There was no 

s1gn1f1cant d1fference 1n the performance of the three detergents 

The grand mean percent methyl parath1on res1due reta1ned 1n the 

weathered and laundered samples was 16 38 percent compared to 23 37 

percent 1n the unweathered and laundered samples An analys1s of 

var1ance 1nd1cated weather1ng was s1gn1f1cant at the 05 level There 

was no s1gn1f1cant d1fference 1n the performance of the three detergents 

Phase II 

The weathered samples repeatedly parath1on contam1nated and 

laundered reta1ned mean res1dues of 178 22 ~g per sample compared to 
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266 59 ~g 1n the unweathered samples An analys1s of var1ance 1nd1cated 

a s1gn1f1cant 1nteract1on of weather1ng and detergent treatments 

(p< 02) A comb1nat1on of detergent two and weather1ng y1elded the 

least amount of parath1on res1due The ma1n effect, weather1ng treat­

ments, was s1gn1f1cant (p< 04) The weathered samples reta1ned less 

parath1on than the unweathered samples Detergent treatments were 

s1gn1f1cant (p< 01) Detergent two appeared to be the most effect1ve 

1n parath1on removal However, a large amount of var1ab1l1ty was 

observed, part1cularly for detergent three Th1s may have been due to 

d1ff1cult1es 1n ma1nta1n1ng a homogeneous pest1c1de solut1on 

The weathered samples repeatedly methyl parath1on contam1nated 

and laundered reta1ned mean res1dues of 65 60 ~g compared to 83 96 ~g 

1n the unweathered samples An analys1s of var1ance 1nd1cated 

weather1ng was not s1gn1f1cant (p< 05) Though not s1gn1f1cant, there 

was a pattern for the weathered samples to reta1n less res1due There 

was a s1gn1f1cant d1fference 1n the performance of the three detergents 

(p< 05) Detergent two performed more effect1vely than e1ther detergent 

one or three for remov1ng methyl parath1on from both the weathered and 

unweathered samples The mean m1crograms per sample of methyl 

parath1on reta1ned by samples laundered 1n detergent two was 51 71 ~g 

as compared to 74 58 ~g for detergent one and 70 58 ~g for detergent 

three 

The results of Phase I and Phase II are confl1ct1ng as to the 

s1gn1f1cance of weather1ng on the retent1on of methyl parath1on Wh1le 

weather1ng was not s1gn1f1cant, there was a cons1stent trend for the 

weathered samples to reta1n less methyl parath1on res1due than the 

unweathered samples L1kew1se, there was a confl1ct as to the 



75 

s1gn1f1cance of detergent performance between the two phases There 

was no s1gn1f1cant d1fference 1n the performance of the three detergents 

1n Phase I wh1le there was a s1gn1f1cant d1fference 1n performance 1n 

Phase II Because of var1ab1l1ty 1n the study, conclus1ons regard1ng 

detergent performance on pest1c1de removal from the test fabr1c are 

1nconclus1ve 

A subJect1ve compar1son of the results of Phase I and Phase II 

was made to determ1ne whether pest1c1de res1due bu1lt-up 1n samples 

repeatedly contam1nated and laundered In Phase I the grand mean 

res1due reta1ned 1n the weathered samples contam1nated w1th methyl 

parath1on was 64 51 ~g as compared to 65 60 ~g res1due reta1ned 1n 

samples from Phase II These observat1ons 1nd1cated no bu1ld-up of 

methyl parath1on 1n repeatedly contam1nated and laundered samples 

In the unweathered methyl parath1on contam1nated samples, the Phase I 

grand mean res1due reta1ned was 87 33 ~g compared to 83 96 ~g for the 

grand mean of Phase II Thus, aga1n there appeared no ev1dence of 

bu1ld-up after repeated contam1nat1ons and launder1ng 

The grand mean parath1on res1due reta1ned 1n weathered sa~ples 

of Phase I was 197 83 ~g as compared to the grand mean of 178 22 ~g 

1n Phase II samples Observat1on of the grand ~eans 1nd1cated a small 

d1fference between the res1due reta1ned 1n the repeatedly contam1nated, 

laundered, and weathered samples and the one t1me contam1nat1on, 

laundered, and weathered samples An observat1on of the grand means 

of the unweathered parath1on res1due reta1ned 1n Phase I was 266 59 ~g 

per sample compared to 255 38 ~g per sample 1n Phase II Thus, 1n the 

unweathered samples, no ev1dence was apparent of a bu1ld-up of parath1on 



Because both methyl parath1on and parath1on were conta1ned 1n the 

commerc1al-grade pest1c1de used 1n th1s study, no stat1st1cal test 

could be made compar1ng res1due retent1on due to pest1c1de However, 

subJeCt1ve observat1ons were made of the percents of methyl parath1on 

and parath1on reta1ned 1n Phase I The grand mean percent of methyl 

parath1on 1n the weathered samples was 16 38 percent and 35 72 percent 

1n weathered parath1on samples In the unweathered samples the grand 

mean percent of methyl parath1on was 23 37 percent and 43 35 percent 

1n unweathered parath1on samples Thus, 1t appears that parath1on was 

more d1ff1cult to decontam1nate from Gore-Te~ than was the methyl 

parath1on 

Impl1cat1ons of Results 

Methyl parath1on and parath1on res1dues reta1ned 1n weathered 

samples of Phase I were s1gn1f1cantly lower than 1n the unweathered 

samples However, 1n Phase II the effect of weather1ng on retent1on 
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of both pest1c1des was only s1gn1f1cant for parath1on There was, 

however, a cons1stent pattern for the weathered samples to reta1n less 

parath1on and methyl parath1on than d1d the unweathered samples After 

f1ve contam1nat1ons and launder1ngs, there was no clear ev1dence that 

weather1ng was effect1ve 1n break1ng down the pest1c1de pr1or to 

launder1ng Thus, the results are 1nconclus1ve 

The contam1nated samples subJected to s1mulated weather1ng developed 

sta1ns wh1le the unweathered samples d1d not Thus, 1f Gore-Te~ were 

made 1nto protect1ve garments and worn out 1n the sunl1ght, sta1n1ng 

could be a problem 



There 1s no clear 1nd1cat1on whether one type of detergent could 

be recommended over another In some 1nstances, detergent two appears 

to perform better than the other detergents tested Th1s detergent 

had a non1on1c surfactant but also a h1gher phosphate content 

Add1t1onal research 1s needed to better understand the role of deter­

gents 1n the pest1c1de decontam1nat1on process 

Recommendat1ons for Research 

Further research 1s needed to determ1ne whether weather1ng 1s 

an effect1ve means of break1ng down pest1c1de pr1or to launder1ng 

2 Further research of contam1nated and weathered samples 1s 

needed to 1nvest1gate the nature and locat1on of sta1ns w1th1n the 

fabr1c structure, and to determ1ne effect1ve means of removal 

3 Further 1nvest1gat1on 1s necessary to determ1ne the level at 

wh1ch res1due w1th1n fabr1cs becomes a health hazard 
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4 Further 1nvest1gat1on 1s needed to determ1ne whether pest1c1de 

res1due rema1ned on the surface of the Gore-Tex® or whether 1t 

transferred to the other s1de dur1ng the laundry process 

5 Further 1nvest1gat1on 1s needed to determ1ne whether repeat 

launder1ngs would reduce the amount of res1due reta1ned 1n the Gore-Tex® 

6 Further 1nvest1gat1on 1s needed to determ1ne whether longer 

per1ods of weather1ng are necessary to break down the methyl parath1on 

and parath1on 

7 Further research 1s needed to determ1ne whether 1ncreas1ng the 

amount of laundry detergent per launder1ng would remove greater amounts 

of both pest1c1des 
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