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Current pesticide labeling requires prudent use of protective 
clothing when mixing, loading, and applying pesticide chemicals. 
Pesticide use and human health has been the subject of several 
investigations where findings suggest a cause-and-effect 
relat ionship (Laughlin 1988). Dermal exposure to pesticides is 
receiving much attention since i t  has been shown that dermal 
absorption accounts for 87% of the total human pesticide exposure 
(Gold et al. 1982, Maibach et al. 1971). 

Much research ac t iv i ty  has focused on the mechanism by which 
pesticides soil work clothing and the mechanism that enhances the 
removal of those chemicals from reusable clothing. Texti le 
substrate variables such as fabric thickness (Kim et al. 1982), 
f iber  morphology (Solbrig and Obendorf 1985), functional finishes 
(Raheel 1987b, Laughlin and Gold 1987, Laughlin et al. 1986), and 
detergency variables such as water temperature, water hardness, 
detergent type and concentration, and prewash additives (Easley 
et al. 1981, 1982; Easter and DeJonge 1985; Laughlin et al. 1985, 
1986, 1987; Keaschall et al. 1986; Raheel 1987a) have been 
investigated. Furthermore, research ef forts have been directed 
towards investigating the effects of f iber content, fabric 
geometry, and functional finishes of text i les on the barr ier  
properties of commonly used work clothing (Raheel 1985, 1987b, 
1988a, 1988b) and specialized protective clothing such as 
spunbonded, meltblown and composite polyolefins (Leonas et al. 
1989, Crouse et al. 1990), and laminates using polytetra- 
fluoroethylene (Branson et al. 1986). Nevertheless, there is 
scant l i te ra tu re  on the effect of part iculate soil (dust) on the 
movement of pesticide chemicals through apparel fabrics. 

This study explores the movement of pesticide solutions through 
fabrics of various f iber  contents, geometries, and functional 
f inishes, in the presence and absence of part iculate soi l .  

MATERIALS AND METHODS 

Sixteen primary fabrics were studied for the i r  pesticide 
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t ransmiss ion proper ty .  Fabric cha rac te r i s t i c s  are given in Table 
i .  A 100% cotton kn i t  T - s h i r t  fab r i c  served as a secondary 
c o l l e c t o r  substrate that  absorbed the pes t ic ide  so lu t i on  
t ransmi t ted through the primary fab r i c .  Fabrics were obtained 
from Tes t fab r i cs ,  Inc . ,  Middlesex, NJ, except fo r  the spunbonded 
o l e f i n  f ab r i c  which was cont r ibuted by E. I .  du Pont Company. A 
tes t  assembly consisted of the primary fab r i c  measuring 8x8 cm, 
the c o l l e c t o r  fab r i c  7x7 cm (to avoid migrat ion of  pes t i c ide  from 
the edges of  the primary f a b r i c ) ,  and the t h i r d  layer  consisted 
of  8x8 cm of aluminum f o i l .  

Table I .  Fabric c h a r a c t e r i s t i c s  

Fabrics Fabric Fabric Yarns/cm Yarn tw i s t  
weight th ickness W F turns/cm 
(g/m) (mm) W F 

Primary 
100% Cot a UN b 295.0 0.495 33 x 24 7 x 5 
100% Cot DP c 296.5 0.495 33 x 24 7 x 5 
100% Cot SR ~ 295.1 0.495 33 x 24 7 x 5 
#423 t w i l l  

100% Cot UN 222 0.363 44 x 23 7 x 5 
100% Cot DP 223 0.363 44 x 23 7 x 5 
100% Cot SR 222 0.363 44 x 23 7 x 5 
#407 popl in  

50/50 PETe/Cot UN 210 0.333 44 x 20 7 x 5 
50/50 PET/Cot DP 210 0.337 44 x 20 7 x 5 
50/50 PET/Cot SR 210 0.327 44 x 20 7 x 5 
#7428 pop l in  

65/35 PET/Cot UN 180 0.274 44 x 23 7 x 5 
65/35 PET/Cot DP 183 0.274 44 x 23 7 x 5 
65/35 PET/Cot SR 180 0.274 44 x 23 7 x 5 
#7402 popl in  

100% PET 116 0.236 25 x 19 8 x 7 
#767 plainweave 

100% Nylon 150 0.325 21 x 23 6 x 8 
#361 plainweave 

100% Ac ry l i c  140 0.325 19 x 5 5 x 5 
#864 plainweave 

100% Ole f in  40 0.091 - - -  
Spunbonded (Tyvek| 

Secondary 
100% Cotton, kn i t  150 0.480 - - -  

aCot = Cotton, DUN = Untreated, CDP = Durable press, 
dSR = S o i l - r e p e l l e n t ,  epET : Polyester .  
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One set of  primary fabr ics (3 specimens per rep l i ca t ion  and three 
rep l i ca t ions)  was soi led with dust and the other set was kept 
clean. Since i t  is the f ine dust par t i c les  which become airborne 
and se t t le  on work c lo th ing,  dust of < 150 Mm par t i c le  size was 
used. Par t icu la te  soi l  was passed through a 60-mesh screen, and 
then a 100-mesh screen to remove l i n t  and coarse par t i c les .  I t  
was then autoclaved at 125 C for  30 minutes and a i r  dr ied.  Dust 
was applied to fabr ic  specimens at 5% OWF i nd i v i dua l l y ,  according 
to Kissa's method (1971). An Accel lerotor  type AB7 without 
abrasive l i ne r  was used. Excess soi l  was removed from the 
specimen by stroking a brush once in the warp and once in the 
weft d i rec t ion .  

The layered fabr ic  assembly was contaminated with I mL of 1.25% 
(a . i )  pest ic ide solut ion according to the method described by 
Raheel (1988a). Two pest ic ides were used for  contaminating the 
fabr ics :  carbaryl ,  in wettable powder (Sevin| 50W) and flowable 
l i qu id  (Sevin| 4L) formulat ions, and atrazine, also in wettable 
powder (Aatrex | 80W) and flowable l i qu id  (Aatrex | 4LC) 
formulat ions. Transmitted pest ic ide was extracted from the 
co l lec to r  fabr ic  as described by Raheel (1987b). Residue 
analysis was done by gas chromatographic technique as described 
by Raheel (1988b), using technical grade carbaryl and atrazine as 
external standards. Extract ion e f f i c iency  tests indicated that  
recovery of carbaryl was 87% and atrazine was greater than 90%. 

Analysis of variance and F-rat ios were used to detect s i gn i f i can t  
di f ferences in pest ic ide transmittance through fabr ics at 

~ 0.05. Separation of means was achieved with Least 
S ign i f i can t  Means and Duncan's Mul t ip le  Range Test. 

RESULTS AND DISCUSSION 

ANOVA resul ts  (Table 2) indicated that fabr ics were s i g n i f i c a n t l y  
d i f f e ren t  (~ ~ 0.05) in t he i r  a b i l i t y  to t ransport  pest ic ide 

Table 2. ANOVA of the e f fec t  of fabr ic ,  pest ic ide and treatment 
var iables on pest ic ide transmission 

Effect Degrees of F- ra t io  p > F value 
freedom 

Fabrics 15 19.52 0.0000 
(F) 

Treatments i 54.40 0.0000 
(T) ~ 

F x T 15 59.85 0.0000 
Pest icides 3 28.84 0.0001 

(P) 
P x F 45 17.57 0.0000 

P x F x T 45 11.68 0.0018 

aT = No treatment, par t i cu la te  soi l  treatment. 
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solut ions.  The presence of par t i cu la te  soi l  on the fabr ics 
reduced pest ic ide transmission s i g n i f i c a n t l y .  In addi t ion,  
pest ic ides (type and formulat ion) exhib i ted s i g n i f i c a n t l y  
d i f f e ren t  levels of transmission through the fabr ics .  

the 

Quant i ta t ive data for the transmission of carbaryl ,  in wettable 
powder and flowable l i qu id  formulations, are given in Table 3, 
whereas Table 4 presents the data for  atrazine transmission. 
Duncan's groupings are shown along with quan t i ta t i ve  data. I t  is 
clear from Tables 3 and 4 that  pest ic ide transmission was reduced 
in the order of three to tenfold from dust-soi led fabr ics 
compared to the unsoiled ones. Nevertheless, the general trend 
of pest ic ide transmission remained a funct ion of fabr ic  type, 
f i be r  content and funct ional f in ishes.  That is ,  the spunbonded 
o le f in  fabr ic  (Tyvek| and the repel lent  f in ished fabr ics 
exhib i ted the lowest level of transmission. These were followed 
by 100% cotton and cot ton/polyester  blend fabr ics ,  whereas woven 
fabr ics made of 100% synthet ic  f ibers exhib i ted high levels of 
pest ic ide transmission. Furthermore, the presence of dust masked 
the di f ferences between 100% cotton and cot ton/polyester  blend 
fabr ics .  Thus 100% cotton, cot ton/polyester  blends (50/50 and 

Table 3. Effect of par t i cu la te  soi l  on the amount of carbaryl a 
(#g/cm 2) t ransmit ted from primary fabr ic  b to the secondary fabr ic  

Primary fabr ic  Transmitted pest ic ide (#g/cm L) 

Wettable powder Flowable l i qu id  
N c DM d S e DM N DM S DM 

100% Cot (UN) 10.10 A 2.10 A 10.75 A 2.70 A 
100% Cot (DP) 10.25 A 2.00 A 10.80 A 2.65 A 
100% Cot (SR) 0.45 A 0.04 A 0.42 A 0.06 A 

( t w i l l )  
100% Cot (UN) 12.45 A 1.95 A 16.15 AB 2.10 A 
100% Cot (DP) 12.60 A 1.90 A 16.40 AB 2.15 A 
100% Cot (SR) 0.42 A 0.05 A 0.45 A 0.06 A 

(popl in) 
50/50 PET/Cot (UN) 16.90 AB 2.24 A 20.65 BC 2.61 A 
50/50 PET/Cot (DP)  16.75 AB 2.10 A 24.10 BC 2.75 A 
50/50 PET/Cot (SR) 0.09 A 0.05 A 1.05 A 0.06 A 

65/35 PET/Cot (UN) 27.10 BC 2.98 A 27.13 BC 3.15 A 
65/35 PET/Cot (DP)  28.85 BC 3.24 A 26.50 BC 3.16 A 
65/35 PET/Cot (SR) 0.05 A 0.05 A 1.40 A 0.07 A 

100% Polyester 101.70 F 38.15 C 102.40 E 39.10 C 
100% Nylon 82.50 D 32.34 B 79.99 D 31.91 B 
100% Acry l i c  96.20 E 32.56 B 95.00 D 32.88 B 
100% Olef in 0.04 A 0.01 A 0.07 A 0.01 A 

(Spunbonded) 

= Mean of nine values, D = The primary fabr ics were treated 
wi th 280 #g/cm 2 pest ic ide,  CN = No treatment, dDM = Duncan's 
Mul t ip le  Range Grouping, es = Par t icu late soi l  treatment. 
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65/35), and repel lent  f in ished (SR) fabr ics f e l l  in the same 
Duncan's grouping as the spunbonded o le f in  (Tyvek| pro tec t ive  
garment fabr ic .  Although the level of t ransmit ted pest ic ides was 
high for  polyester,  nylon and acry l i c  fabr ics ,  nonetheless i t  was 
s i g n i f i c a n t l y  lower than the unsoiled fabr ics .  These trends were 
noted for both pest ic ides--carbary l  and atrazine, in wettable 
powder as well as l i qu id  formulat ions. In general, a greater 
amount of atrazine was transmitted compared to carbaryl .  Also, 
compared to wettable powder formulat ion, a r e l a t i v e l y  higher 
level of l i qu id  formulation was transmitted through fabr ics .  

Table 4. Effect of par t i cu la te  soi l  on the amount of atrazine a 
(#g/cm 2) transmitted from primary fabr ic  b to the secondary fabr ic  

Primary fabr ic  Transmitted pest ic ide (#g/cm L) 

Wettable powder Flowable l i qu id  
N c DM d S e DM N DM S DM 

100% Cot (UN) 13.95 A 2.90 A 
100% Cot (DP) 13.98 A 3.15 A 
100% Cot (SR) 2.97 A 0.15 A 

( t w i l l )  
100% Cot (UN) 20.75 AB 2.98 A 
100% Cot (DP) 20.80 AB 2.99 A 
100% Cot (SR) 0.51 A 0.05 A 

(popl in) 
50/50 PET/Cot (UN) 27.90 BC 2.99 A 
50/50 PET/Cot (DP)  28.60 BC 2.98 A 
50/50 PET/Cot (SR) 0.98 A 0.06 A 

16.98 A 2.89 A 
16.99 A 3.25 A 
4.90 A 0.17 A 

24.20 AB 3.91 A 
24.10 AB 3.89 A 
0.75 A 0.06 A 

31.10 BC 4.17 A 
36.50 BC 4.18 A 

1.61 A 0.07 A 

65/35 PET/Cot (UN) 
65/35 PET/Cot (DP) 
65/35 PET/Cot (SR) 

60.70 BC 3.75 
60.98 BC 3.76 

0.45 A 0.05 

A 62.19 BC 4.71 A 
A 66.12 BC 4.89 A 
A 0.48 A 0.07 A 

100% Polyester 149.90 D 44.98 
100% Nylon 122.70 C 32.91 
100% Acry l i c  121.91 C 32.90 
100% Olef in 0.09 A 0.01 

(Spunbonded) 

C 168.80 F 42.71 C 
B 95.75 D 38.12 B 
B 142.61 E 39.64 BC 
A 0.09 A 0.01 A 

a = Mean of nine values, b = The primary fabr ics were treated 
with 280 ~g/cm z pest ic ide,  CN = No treatment, dDM = Duncan's 
Mul t ip le  Range Grouping, es = Par t icu late soi l  treatment. 

I t  is hypothesized that  dust par t i c les  not only blocked the 
in te rs t i ces  (or pores) in the fabr ics ,  thus in te r rup t ing  
cap i l l a r y  flow of pest ic ide so lut ions,  but also acted as 
reservoi rs  and absorbed a substant ial  amount of pest ic ide,  thus 
reducing transport  through the fabr ics .  In agr icu l tu ra l  
se t t ings,  garments are l i ab le  to become contaminated wi th 
par t i cu la te  soi l  while workers are engaged in pest ic ide handling 
and appl icat ion a c t i v i t i e s .  Dust-soi led garments may in fact  
trap pest ic ides to a degree and provide a measure of dermal 
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protection. I t  is of interest,  however, to study the degree of 
pesticide removal in laundering, when garments have been soiled 
with part iculate soil in conjunction with pesticides. 
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