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Abstract 

The determination of the cleaning performance of 
detergents containing 32%, 48% and 64% s’o’diu‘m tripo- 
lyphosphate (STPP)_ is described. The tests were carried out 
jointly with Ontario Research Foundation in 1970. The 
cleaning’ was measured under different conditions of‘déter- 
gent usage and water hardness. Artif'ic:ia_ll‘y and naturally 
soiled fabrics were washed in a domestic washing machine. 

It was found that phosphate |_eve| is critical below a 
mole ratio _STFP:CaCO3 of 0.3:1 but that above this ratio 
the other ingredients in a detergent fo“r‘mu|at_io.n have as 
significant an effect on cleajanigng performance. ' 

Rélsumé 

Ce rappjort décrit Ia déterminat_ion de la capacité de 
nettoyage des détefggnts contenant 32%, 48% et 64% de 
tripol'yphosph_ate de sodium (STPP). Lors des essais ijuiilgmg 
été entrepris en 1970 conjointement avec l_a Fondation de 
Recherche de l’0nta:ri9, la capacité de nettoyage a été 
mesu‘rée_‘ pour différents détergents sous des conditions ausasij 
dif-férentes d’u§age et de dureté de |’e'au. Des tissue,- 
artificiellement» et naturellement souillés ont été lavés a la 
machine. ‘Le résultat fut que le taux de pvhosphate semble 
critique au-dessous d’un rapport molaire STPP: CaC_0_3 de 
0.3:1. Cependant dépassé ce taux, les a_ut_re_s’ ingredients 
faisant partie de la composition du détergent possédent un 
effet important sur la capacité de nettoyage.



The Effect Of; Detergent Phosyphate Levels 
on the Cleaning Process 

P. D. Goulden 

INTRODUCTION 

Concern for the eujtrophicatgion cau_sed by nutrients 
entering the receiving waters has resulted in a restriction on 
the level of phosphorus in detergents in Canada. While there 
is a Mzalth of inforrriat_ion on the effect of phosphorusion 
eutrophication, there is no clear picture in‘ the literature of 
the effect of phosphate level on the performance of 
detergents. The "cIa'ssic’aI" hypothesis on the use of sodjiuinn 
tripolyphfosphate ($Tl_5P7)‘ and other detergent builders is 

that ,th.eY are required to sequester the water hardness 
cations onat least a mole to mole‘ basis (Pollard, 1966). 

However; after studying the data on the performance of 
de_terge,n_ts, e.g., the evaluation reported in Canadian Con‘- 
sumer (Anon., 1969), it is clear that an "acceptable" 
performance can be obtained with much less than a male to 
mole ratio of STPP to water hardness. 

This report describes a pilot study‘ made in 1970 of the 
effect of thjree levels on the cleaning perfor- 
inance of a laundry detergent. Different conditions of water 
hardness and detergent usage were maintained. 

Procedures for evaluating cleaning performance in the 
laboratory have been described i_n the literature (Rutrowski, 
1967). It; is knovvn that the detergents industry uses these 
prooedufres for" P.re|,iminary screening only, and that it 

considers results obtained by using very .sophisticated 
techniques and naturally soiled fabrics as the only signifi- 
cant data. However, .the use of these techniques requires 
large resources in e‘quiprnent»a_nd people. Consequently, the 
testing laboratories and the Consumer Associationtake a 
compromise position-, i.e., to wash artificially soiled fabrics 
in a domestic washing machine under various conditilons 
(Anon., 1969). 

For the tests described in this report different artificial- 
ly- ‘and naturally.-soiled fabrics were used. All were washed 
in a domestic washing machine. The tests were designed to: 
(a) ‘cover a ratio of STPP to hardness ranging from 0.2:1 to 
2.821 on a molar basis; (b) apply a ‘-'normal‘' range of a 
detergen_t’s usage and formulation; (c) provide an assess- 

ment. of the effect of phosphate level; (d) determine the 
precision of such “tests.

V 

All the experiments were de_sig'n_ed i_n joint discussion 
vvith Water Quality Division‘ (W.Q.D.) and Ontario Research 
Foundation ’(O.R.F.) personnel. The preparation of the 
detergent formulations.and the analy'sjis of the data was 
carried out in the laboratories of W.O.D. The procurement 
of the fabrics, the washing, and the measurements were 
carried out by iO.R.F. ‘ 

_ 

EXPERIMENTAL 
Materials 

(.3) Fabrics - the following fabrics were used in the tests: 

Fabric 1. Al_| cotton fabric EMPA 112. They were soiled 
With 00003'9W€€tel18<i |'fi.i‘|k' ffiIXt'UT§ Whifih fell? 
resents a type of _pigmen,t-fat soil that often 
occurs on table linen. 

Fabric 2. Polyester/cotton (65/35) fabric with durable- 
press finish, Soil Cloth No. 26 (specification 
51S-47 U.S. Bureau of Ships); soiled with a 
mixture containing ethyl celI'ul_ose, l_a_mpblack, 
hydrogenated vegetable oil, mineral oil, corn 
starch,- oleic acid. 

Fabric 3. Spun, nylon fabric soiled with same mixture as 
fabric 2. 

Fabric 4. Spun, acrylic fabric soiled with the same mixture 
as fabric 2.

_ 

Fabric 5. Spun, polyester fabric soiled with t_h_e same 
' mixture as fabric 2. 

Fabric 6. Naturally-soiled polyester/cotton pilhlowcases 
These were obtained by subjecting new pillow- 
cases to a sufficient period of actual use to 
p'rocluc_e a well-soiled condition. (Through the 
courtesy of the hospital pers'on_'ne_l, the pillow- 
cases were placed in continuous service for -a 
period of three weeks at the Lakeshore Psy- 
chiatric Hospital.)



(bl Detergents 

"OMO”, a detergent made by Lever Brothers, was 
purchased in a local grocery store. Portions of "OM0” were 
weighed into plastic bags. into each of the plastic bags was 
weighed a combination of sodium sulphate and sodium" 
tripolyphosphate to yield three sets of mixed detergents 
containing 32%, 48%, and 64%, respectively, so_dium 
tripo,lyph,os_ph..ate by weight. In each of these three sets of 
detergents, the levels of the ingred_ients other than ‘the 
sodium su|phat'e— sodium tripolyphosphate, e.g., surfac- 

tant, silicate, suds boosters, optical brightness, etc., were 
the same. The surfactant level in the mi_xed detergents was 
approxiiimately 13%. Three sets of mixed detergent bags 
were prepared, each containing 50-g, 100-9, and 150—g 
product to correspond to a domestic usage of 1/1, 1 and 
1 1/2 cups, respectively. (In the washing test, the contents 
of one bag could be added to the washing machine to give 
the desired formulation and usage.) 

(cl Water 

The local water supply had a hardness of approximately 
9.9 ‘grains per imperial gallon (equivalent to 141 ppm 
CaCO3). To obtain the water of 7 grain hardness, the local 
water was diluted with distilled water; to obtain water of 

Table 1. Percentage reflectance irnprovernent of the five artificially-sioiled fabrics. 

11 and 15 grain hardness, calcium chloride and_ magnesium 
sulphate in the ratio of 3:1 expressed as CaCO3 equivalent 
were added to the water. (The 3:1 ratio is very close to ‘the 
ratio of calcium to magnesi_u_m_ hardness i_n the local water.) 

Equipment 

All washings were carried out in "Kenmore” Model-600 
machine. This washer had a water capacity of approxi- 
mately. 14 imperial gallons. The reflectance readings were 
made on a ‘Zeiss E|_ropho Photometer. 

Procedure 

(a) Sample. Preparation 

To a piece of carrier fabric— undyed cotton broad- 
cloth, in x" 30 in —“were stapled 4 in X 4 in swatches of 
five artificially-soiled fabri__cs and one 4 in ex 4 in swatch of 
the naturally soiled fabric. In additioon‘, two 4 in x’ .4‘ir'1 

pieces of uridyed cotton/polyester fabrics-were attached for 
deterrn_i_n_at_i_'on of ‘soil redeposvition. For each’ of the‘ test 

conditions, (3 water h_ardness_ x 3 phosphate contents x 3 
detergent usages)‘ four replicate determinations, were made. 
One of‘ the control, undyed swatches was removed after the 
first replicate and attached to the s‘pecim‘en's in the 

Product Water Percentage reflectanceirnprovement of fabric Average Corrected 

Treatment usage hardness five retiectance 

No. g/load gr/gal STPP 1 2 3 4 5 fabrics irnproverrient 

1 50 15 32 5.1 14.4 15.1 17.1 13.3 13.0, 

2 48 7.4 21.1 18.7 29.6 _26.1 _20_.6 20.6 

3 64 9.1 24.7 17.7 27.5 21.2 22.71 

4 11 32 8.0 20.5 28.2 24.1 23.6 20.9 20.6 
5 48 11.4 23.9 36.1 23.0 23.9 24.1 

6 64 13.7 20.2 18.1 29.2 21.6 20.9 21.6 
7‘ 7 32 10.3 31.6 21.9 28.7 26.5 23.8 24.6 

8 48 13.4 22.6 27.4 27.5 21.2 22.4 22.8 

9 64 19.5 14.8 32.1 29.1 9.1 20.9 21.4‘ 

10 100 15 32 12.6 24.9 31.9 27.2 25.7 24.5 24.8 

11 48 13.3 22.7 42.4 28.1 13.9 24.1 

12 64 16.3 20.6 43._2 27.38 19.8 25.5 25.1 

13 11 32 12.4 24.8 41.6 31_.8 24.1 26.9 26.3 

14 48 17.1 19.4 42.8 36.9 15.2 26.3 25.8 

15 64 19.0 23.2 44.9 29.6 18.5 27.0 27.1 

16 7 32 12.9 23.7 40.9 29.2 20.4 25.4 25.1 

17 48 17.2 21.7 42.5 30.0 17.8 26.3 25.8 
18 64 17.9 20.7 45.1 32.6 17.5 26.8 27.1 

19 150 15 32 13.8 24.6 45.5 27.0 24.7 27.1 26.8 

20 48 17.1 23.6 43.3 29.2 22.0 27.0 27.1 

21 64 16.2 24.2 45.9 28.2 23.8 27.7 
h 

22 11 32 16.7 23.0 44.9 35.3 242.3 28.8 28.5 
23 48 15.7 20.7 4.4.5 32.4 22.1 27.1 26.6 1 

24 64 15.3 24.2 4.4.8 27.8 18.5 26.1 27.1 

25 7 32 16.9 24.2 41.31 29.0 23.0 26.8 27.1 

26 48 16.5 26.7 45.3 31.2 22.9 2.8.5
' 

27 64 17.7 24.8 47.3’ -35.6 24.5 30.0 29.8 ’

2



Table 2. Percentage reflectance readings of artificially-soiled fabrics after wash. 

Initial percentage reflectance — Fabric 1 36.8 
— Fabric 2 19.7 
— Fabric 3 19.3 
— Fabric 4 27.0 
— Fabric 5 1_9.1 

. Fabric Usage SIPP Percentage reflectance readings, waterhardness (grains CaC0.3 per gallon) H 
‘ N9. . 8/1999... %- .. , ._ ,, ; . 

7 11 15 

Q 1 50 32 48.3 47.5 45.7 47.0 50.1 43.7 42.3 43.2 41.9 40.0 43.2 42,4 

1 48 49.2 50.6 50.6 50.3 49.1 45.4 49.8 48.4 43.6 44.4 44.4 44.4 
R 64 55.9 57.2 56.7 55.4 47.0 50.9 52.0 52.2 45.8 46.7 45.5 45.9 

100 32 48.5 49.5 49.2 51.5 52.5 48._2 46.9 49.3 50.4 48.5 50.8’ 47.8 
48 52.7 55.9 54.8 52.7 52.3 5 7.1 54.0 52.3 48.1 ;5_ 2.4, 46.8 53.2 
64 54.5‘ 55.8 55.0 53.4 53.9 55.2 56.0 58.2 52.7 54.0 532.9‘ 6567.8 

150 32 53.3 55.0 51.9 54.9 52.8 53.4 54.4 53.7 52.1 49.1 51.45 59.7 
48 55.3 54.1 51.4 52.5 51.8 50.8 53.4 54.0 ' 54.3 57.4 52.8 51.2 
64 54.0 54.5 54.4 55.4 48.4 55.7 52.7 53_.8 53.-_1 51.7 52.7 54.6 

2 50 32 55.4 52.1 47.8 49.9 
_ 

39.6 41.6 38.7 40.9 35.6 32,5 36.6‘ 31.9 
48 44.3 38.8 42.8 43.2. 43.3 44.7 47.0 39.5 39.8 41.2 39.8 42.6 
64 33.8 34.7 36.0 33.7 37.2 37._9 42.5 42.0 43.9 44.3 45.3 44.0 

100 32 42.1 43.2 44.5 44.0 48.3 45.9 39.5 44.3 47.6 48.6 38.6 43.8 
48 42.5 43.0 40.9 39.3 42.4 36.1 40.9 37.2 45.7 41.0 ' 39,6 43.4 
64 40.2 39.2 41.3 41.2 43.5 42.6 42.2 43.4 41.2 39.1 42.2 38.8 

150 32 45.0 45.5 40.9 44.4 43.2 43.3 42.3 41.9 40.2 46.7 43.7 46.6 
48 49.1 42.5 46.8 47.4 40.4 40.3 40.9 40.1 43.9 42.5 44.9 _ 
64 41-.6 46.2 43.6 46.6 45.0 47.4 40.4 42.9 41.9 43.4 44.7 45.8 

3 50 32 32.8 50.6 43.8 37.7 54.9 45.2 42.0 47.8 -38.8 2_7».;5 
‘ 44.8 26.7 

48 54.5 50.7 44.5 37.4 52.0 43.8 52.0 29.8 49.3 30.4 38.4 -33.9 
64 49.1 54.0 54.2 48.4 38.0 36.9 36.9 38.8 35.7 37.6 38.0 36.9 

100 32 57.5 61.9 59.9 61.7 65.4 59.2 58.4 60.6 47.7 54.8 44.1 ‘58.1 

48 60.2 62.1 63.5 61.4 60.4 63.8 64.2 59.8 
6 

57.5 63.0 64.2 62.3 
64 59.1 65.8 65.4 67.2 67.1 63.7 60.3 65.7 60.9 61.9 63.7 63.7 

15.0 32 60.9 63.5 55.7 61.7 64.8 61.3 65.6 65.1 64.9 66.4 64.4 63.6 
48 64.9 65.0 63.5 65.0 64.5 63.5 61.8 65.5 64.0 63.4 60.8 62.3 
64 65.9 66.6 67.8 66.0 63.5 66.9 62.7 63.4 65.4 64.9 66.2 64.4 

4 50 32 56.7 53.5 57.3 55.5 55.9 50.1 45.6 52.8 45.4 45.6 44.2” ' 41.1 
| 

48 53.0 54.8 53.4 56.7 64.3 65.5 62.2 63.2 58.4 56.3 . 54.6 57.1 
I 

6.4 55.2 54.9 58.5 55.7 55.7 56.7 56.7 52.4 56.6 54.4 54.5 

' 

_100 32 55.8 56.1 56,3 56.8 60.6 58.4 
9 

57.7 58.6 57.5 55.6 50,0 53.9 
48 59.3 59.3 56.2 53.2 64.1 63.9 65.4 5 62.4 54.4 54.9 55.0 56.2 

i 

64 55.6 60.4 69.0 63.6 55.4 59.0 53.8 58.1 52.4 53.6 56.7 56.5 
7 

_ 

150 32 56.3 59.2 53.4 55.1 61.5 60.3 64.9 62.5 53.8 53.6 53.9 54.9 
48 58.5 58.8 

' 

58.1 57.4 63.7 64.3 54.0 55.7 56.3 57.0 56.2 55.3 
- 64 66.0 62.4 61.3 60.8 49.1 54.4 53.5 62.3 53.9 54.6 58.3 5.4.1 

5 50 32 44.7 47.2 43,6 46.8 44,2 43.4 38.0 4_5._1 34,4 33.2 33.8 28.4 

§ 
48 45.0 39.5 39.6 37.3 41._5 42.9 41.9 42.0 44.7 46.8 43.9 45.4 

, 64 29.3 26.4 29.3 27.8 38.0 ' 41.9 ‘ 42.9 40.1 44.6" 46.8 47.4 46.6 
I 100 32 — 34.9 39.6 42.3 41.1 47.9 42.8 39.0 43.1 49.3 _ 44.9 39.4 45.8 
’ 48 47.2 40.7 31.3 28.4 28.9 36.3 28.9 43.0 29.2 37.6 34.1 31.2. 

64 36.1 40.2 36.6 33.5 34.4 40.6 32.6 
_ 

42.7 39.3 35.3 38.9 42.2 
150 32 38.4 44.2 44.9 41.1 46.7 39.8 47.4 39.7 41.7 50.8 42.2 40,4 

48 41.7 43._0 39.0 44.4 39.7 4o_.2 39.9 44.8 37.5 39.9 50._o 37.0 
64 46.7 38.6 45.3 44.0 _ 34.4, 7 40.6 32.6 42.7 46.4 39.4 43.9 42.1 

subsequent washes in order to obtain the cumulative effect wash was carried out using water of 140°F and at the 
9f-.s'0i,| redei§ositio.n i.h3f<‘>ur-wa_shes. "regular" cycle. i.e.. ésiitiition at. a speed of 70 cycles per 

minute with the detergent solution for 14 minutes followed 
(bl. Washing Procedure by a combined rlnsevand spin, then a final rinse and spin. 

' ' * Local water‘ of a_bo‘ut 9.9 grain hardness was used fo_r the 
The c_a_'_r’r‘ierVc.|otl1 was placed in the machine with rinse in all treatments. The swatches were ironed dry for 

sufficient undyed cottonfabric to make a 6 lb load. The the reflectance measurements.



(cl Measurement of Cleaning 

Reflectance‘ readings were made on the original soiled 
and on the Vlauhdjejred swatches at four different locations 
on each swatch. The readings were made by using the Zeiss 
Elropho Photometer, with an incandescent light source and 
a narrow band filter" of 570 nm wave length. This 
eliminated the effects due to optical brighteners. 

RESULTS AND DISCUSS|ON 

Cleaning 

The reflectance readings of the five artificially-soiled 

fabrics for each of the wash conditions are shown in Table 
2. The results shown are the percentage reflectance 
readings": these represent the amount of light of the chosen 
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wavelength band reflected from the fabric, expressed as a 
~ percen.tage at the a,ri,1‘r’_i,o,_ujrii.t- of light .refV|ect.éd.fr§‘fh La s1:?.i.r.idfaijf;d 

magnesium-oxide block, under the same conditions "of 
illumination. Hence the soiled fabric has a low reflectance 
r.eadi.h9— Tiié |'8fieCt§fi9é f9a§difi§ 'iff_'i¢|‘¢~aL5’ed 85 the iébfic 55’ 

washed. A measure pf cleaning is the dif_fe_r_e_nce. between 
the percentage reflectance before and after washing. This 
difference is designated as the percentage reflectance 
improyeme.nt:. The .resu|.t.s. giving berT9ent_'a'9ej féfieiitfiafiiié 

improvement for the 5 artificially-soicl,ed fabrics are shown 
in Table 1. Each value represents the average result of ‘the 
four replicate washes, 

Confidence Limits 

From the results shown in. T able. 2 and Table 1 it. is 

clear that there are large differences in the percentage 
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Figure 1. Percentage reflectance improvement of the twenty-seven treatrnents 
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reflectance improvement between the different fabrics. The 
. purpose of the tests was to obtain a measure of the overall_ 

cl_ea_n‘ing for each cor_'np’ajriso"n of water. hardness, product 
usage, and forn‘iulati,on, l_n order to be ‘able to combine the 
results for the different fabrics, the following‘ stati,st_icaV| 

treatment was given: the mean reflectance improvement for 
each fabric under all conditions was calculated and the 
reflectance improvement for each treatment of this fabric 
was then convened to a fraction, of -the mean ureflectajnce. 
An analysis of variance was then carried out using these 
fractions. 

The results showed that the coefficient of variation for 
"the determinations of the reflectance improvement in a 
single. wash for a single fabric is 30%. Hence for the mean‘ 
re.f|.ectfa.n¢e improvement: .rLefnresentin9 -the 5. fé.bfi¢s.— with 4 
washes each,vthe confidence interval or "yardstick'7’ at‘90% 
confidence level is 11.5% or 2.7 reflectance units. Essen- 

tially, the same size yardstick was obtained by taking some 
of the treatments in pa__i_rs and using the washing results ‘on_ 
the same fabrics as paired observations for the deterrninfa-~ 
tion of the standard error of the mean-‘difference. Analysis 
of the data given in the Canadian Consumer evaluation 
yields the same ‘order of precision. 

Using the ‘calculations from the average reflectance 
im”provejm'e_nt for each fabric, the overall reflectance 
improvement in, each treatment was calculated. This 
"corrected" reflectance improvement is shown in the last 
column of Table ‘I and is used in the following discussion. 

Factors Affecting Cleaning 

Tohe reflectance i.mpr9ve.in:e_nt for. each treatment is 

shown in Figure 1 where the ratio of product usage to 
water hardness‘ increases from left to right. Reflectance 

°/o R'EFLE'C‘TANCE IMPROVEMENT 
22' 24 26 A28 26 28 30 IO IVZ l4 I6 18 20 22 24 

/ 1’ V I - 
.- 

< .. 

~.o in . 

.0 # I 

.0 

oi . 

.0 rm
.

8 . 

fie‘ . 

MOLE 

RATIO 

STPP/CIICO3 

IN: 

WASH 

Wl_lT:ER 

2.4 -— 

2.6 -
o 

2.8 " 7 

I I I I I I I I

~ 

so I00" K 

V 7 

['50 

pnooucr / LOAD, g 
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improvernent versus the mole ratio of STPP to water 
hardness is shown in Figure 2. 

It is clear that at low phosphate level, low product 
usage, and hardgvviater there is a serious loss of performance; 
but above a mole ratio of about 0.321, STPP:CaCiO3 
tripolyphosphate is no magic ingredient. There is as much 
significant improvement in performance by 'increa'si'n’g /the 
other i‘ng’redii_eirtjs in t_h_e detergent a_s by increasing'the 
phosphate. 

The study was de's_ig'ned so that there was an overlap of 
pghosphate levels between the three product usages, e.g., 

50-g 'p’rod‘u‘fct at 64% STPP gives equivalent STPP to 100-g 
product at 32% STPP 

1,00-g product at 48% STPP gives equivalent STPP to 150-g 
product at 32% STPP 

100-g product at 64% STPP gives equivalent STPP to 1504;, 
product at 47% STPP 

‘lo REFLECTANCE 

Apart from the extreme oondiitiorrs” in treatrnent— no, 1 

(509-, i.e., ‘/2 cup usage, 32% STPP, 1:1 grain water hardness) 
it is seen from Figure 2 that, within, one product usage, 
phosphate level has very little effect on cleaning and that 
there is no correlation between equal 'phosph;eite" useat 
d'iff'er’e‘ht« product usages. although. as pa‘ 

9e.n.e_r.a.I.iz.a.ti.on, it 

appears that more phosphate gives directionally better 
gperformance. A manufacturer striving:forlultimatecleaning 

. performance in a product ‘will probably use high phosphate 
levels but reduction of the phosphate levels will not lead to 
dlSaStfOu§ I’eS'U|t$ except uhdéf e§(3t]’efi1é Cbhdifldhi. 

The percentage reflectance improvement by itself does 
not have much meaning unless it can be related to what a 
Use!’ Will 596,- |’¢.v$<.'ee.|‘fiS fé.i|'|Y Well 3¢Q€F5t§dtl'l§I.§ dfiieféfléé 
of two reflectance units (and possibly ‘one in extreme cases) 
can be detected by the human eye if the cloth is white and 
clean (Anon., 1969). On dark cloth, ‘a difference ‘of three 
units is scarcely_ n_oti‘ceabIe to the eye. Hence the "yard- 
stick” of the overall measurements of reflecjtagnce 'u'n'_it_$ 

which was obtained in the study is approximately “equiva- 
lent to the differences visible ‘to the h’ufn"a‘r'i ‘efye. 
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Figure 3. Cotton/Dacron naturally-soiled fabric: irnpr_o_ver_nent in percentage reflectance after laundering of ql,I},l.dI“P1i.¢.3t€ S?lmP1°5-



it should be noted that the 50-9 usage corresponds to a 
0.569? of about ‘/2 cup of detergent ha.vi_ng a density of 0.4 
g cm'3_.; There are many detergents which have a lower 
d_ensity,_‘:an_d some which have a higher density than this. 
Obviously the density of the detergent partly determines 
the usage when measurement is made on a ’v"olu'me basis. 
The use of artificially-soiled clothes for the washing test 
does not add to the wash water the hardness that is brought 
into the wash on a load of naturally-soiled clothes. This is 
believed to be equivalent to about 4 grain hardness in the 

_ 
wash water. 

Soil Redepositiotn 

Two actions can take place’ during detergency; soil 
removal and soil redeposition. The detergent removes soil 
from the cloth and, in the case of particulate material, it 

must hold it in stuspenstion in the water and prevent it from 
redepositing on the cloth. The overall cleaning measure- 
ment is a measure of how’ w'e-l_| both or eithe_r of these 
functions a_re carried out. To determine if redeposition is 

taking place, clean clothes are used in the washing process 
and their reflectance. measured before and after. In the 
present- study the soil redeposition was measured in each 
wash separately and for the accumulation of the four 

replicate washes in each treatment. The results of these 
measurements show that there was essentially no soil 

redeposition in any of the treatments. 

Naturally-Soiled Clothes 

The naturally-soiled clothes had a variety of soil levels 
before the wash. Because of this variability, r’na'thematic‘a| 
treatment of the results is very difficult. ‘The results are 
shown graphically in Figure 3 where the bottom of each bar 
represents the reflectance before the wash and the top of 
each bar‘ represents the reflectance after the‘ wa_sjh;.; The 
results are in agreement with the results obtained by 
washing the artificially-soiled fabrics. 
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