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Surfactant Mixtures. The decomposition product 
is normally the same in mixtures of surfactants as 
that obtained separately. However, as might be ex- 
pected, the presence of a relatively stable, strong 
acid, causes dehydration of alcohols to give olefins. 
For example, decomposing a mixture of alkylbenzene- 
sulfonate and lauryl sulfate in phosphoric acid gives 
alkylbenzenes plus dodeeenes. As can be seen from 
their relative retention times (Table I) ,  these olefins 
are readily analyzed by GAIJIPA. 

Depending on the complexity of the mixture, it 
may not be possible to separate all major species in 
the decomposition oil by GA[~IPA. Iu these cases, 
several other conventional analytical techniques may 
be useful individually or in combination. Some exam- 
ples of useful techniques are urea clathration, solvent 
partition or crystallization and liquid-phase chroma- 
tography. I t  appears possible to decompose most other 
surfaetant types selectively in the presence of deter- 
gent-range alkylbenzenesulfonates at 185~ Exces- 
sive foaming is the chief problem in this technique 
but can be minimized by lowering the amount of 
alkylarylsulfonate charged to one gram and employ- 
ing conventionM defoaming procedures. 

For example, a mixture of lauryl sulfate (2 g.) and 
commercial tetrapropylenebenzenesulfonate (1 g.) was 
heated for 60 rain. in 185~ (BP) phosphoric add. 
Water was then removed from the trap, and the reac- 
tion mixture was heated for another 60 rain. at 215~ 
A normal yield of 0.90 g. of dodeeenes was obtained 
at 185~ and a normal 65-rain. yield of 0.45 g. of 
alkylbenzene was recovered at 215~ In another 
experiment a mixture of straight-chain olefins and 
polypropylenebenzene was obtained by decomposing 
a mixture of tallow alcohol sulfate and alkylbenzene- 
sulfonate. Because GAIJIPA will not resolve these 
products, the olefins were separated from tile alkyl- 
benzene by forming and recrystallizing the urea ad- 
duct. Al thoughthe  olefins were recovered in a pure 
state, the alkylbenzene recovered from the filtrate 
was contaminated with some olefin. However this 
separation was sufficient to identify the olefins as 
probably derived from tallow. 

Phosphoric acid decomposition does not furnish a 
single analytical scheme for all conceivable mixtures 
of surfaetants. The products however are more ame- 
nable to classical analytical tools than are the start- 
ing surfaetants. Further  work on the conditions of 
the decomposition reaction or subsequent analytical 

procedures may increase the general applicability of 
this method to complex surfactant mixtures. 

Summary 
Some data on the use of 93% phosphoric acid as 

a reagent for recovering the hydrophobie portion 
of surfactants are presented, and their application 
to the analysis of surfaetant mixtures is discussed. 
Aromatic sulfonates, straight-chain alkyl sulfates, 
fat ty acid amides, and fat ty acid esters decomposed 
to give good yields of the starting hydrophobie 
materials. Dioctylsulfosueeinate gave a mixture of 
octyl alcohols and olefins while the ethylene oxide 
condensates of lauryl alcohol, tridecyl alcohol, and 
tertiary dodeeyl mereaptan gave olefins derived from 
the starting hydrophobic materials. Diisobutylene phe- 
nol-ethylene oxide condensate decomposed to olefins, 
conjugated olefins, and alcohols formed by rupture of 
tile aromatic ring. The products are characteristic 
of the hydrophobie oils, and in most eases products 
from mixtures of surfactants can be separated by 
known analytical methods. Alpha-shire fatty acids 
or alkane sulfonates do not give recoverable oils by 
this treatment. 
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Distribution of Water m the United States as a 

Function of Hardness 
LESTER O. LEENERTS, Applications Research Laboratory, Purex Corporation Ltd., 
South Gate, California 

T IS a well known fact, especially by the American 
housewife, that synthetic detergents will perform 
better than soap in hard water since they do not 

form the insoluble soaps which lead to poor deter- 
gency. The syndets do not have the inherent undesir- 
able characteristic of leaving a ring in bath tubs and 
sinks or producing "tattle-tale g ray"  on fabrics as 

do soaps. A fact that is not generally known by the 
public, but well known by the detergent industry, 
is that synthetic detergents themselves have different 
performance characteristics in soft and hard water. 

Many of the synthetic idetergents used in washing 
dishes and doing light hand-laundry are prepared 
from surface-active agents derived from petroleum 
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Alabama  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ar i zona  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A r k a n s a s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Colorado . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Connec t icu t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e l a w a r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i s t r i c t  of Columbia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F lo r i da  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Georg ia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I d a h o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I l l ino is  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n d i a n a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iowa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kansas ................................................................ 
Kentucky ............................................................ 

Louisiana ........................................................... 
Maine .................................................................. 

Maryland ............................................................ 

Massachuse t t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ ~ i ch igan  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Minneso ta  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Miss i ss ippi  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mis sour i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o n t a n a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e b r a s k a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nevada  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
New H a m p s h i r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
New J e r s e y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
New Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
New Y o r k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nor th  Caro l ina  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nor th  D a k o t a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ohio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oklahoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oregon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e n n s y l v a n i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rhode  I s l a n d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
South Caro l ina  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
South  Dako t a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tennessee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Texas .................................................................. 

Popu la -  
t ion 

( •  

1 ,211  
799 
378  

12 ,923  
1 ,061  
1 , 7 3 6  

283  
809  

2 , 7 0 9  
1 , 7 9 0  

275  
6 ,329  
2 ,471  
1 ,192  

995  
1 ,017  
1 ,545  

423  
2 , 1 9 4  
3 , 7 6 4  
5 ,283  
1 , 6 2 7  

515  
2 ,522  

315  
626  
193 
308 

4 , 6 1 8  
397  

1 2 , 7 7 6  
1 , 6 0 6  

178  
6 ,079  

905  
1,00O 
7 ,231  

752  
934  
223  

1 , 4 8 6  
5 , 1 0 8  

U t a h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 531  
Ve rmon t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120  
V i r g i n i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ,880  
W a s h i n g t o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
Wes t  V i r g i n i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ,611  621  
Wiscons in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 , 0 3 7  

. . . . .  154  W y o m i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

To ta l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 1 0 5 , 5 4 0  

Urban 

~ a r d n e s s  a 

Ave rage  Average 
r a n g e  

1 4 - 1 1 5  56 
12--500 208 
1 1 - 2 5 0  61 
18 561  160  
11--317 106  
1 1 - 4 6  21 
2 4 - 1 4 4  75 

96 
20- -274  91 
18- -360  76 

8--354 136  
8 9 - 5 6 5  215 
76--640 272  
8 3 - 6 3 2  235  
7 5 - 5 4 8  185 
1 2 - 1 9 8  101 

2--151 64 
8 - 8 2  23 
3 - 8 5  40 
8 - 8 0  36 

43- -405  160 
46- -464  224  

2 - 1 5 0  35 
5 5 - 2 9 4  141 
1 6 - 4 0 4  137  

1 1 2 - 3 7 0  254  
3 3 - 3 2 0  154  
1 0 - 1 2 1  30 
1 0 - 2 5 1  86 
3 0 - 6 2 6  271 

7 - 2 9 2  74 
6 - 1 1 3  38 

8 1 - - 4 0 6  1 9 2  
4 6 - 4 2 7  155 

8 - 6 7 5  169 
9 - 9 5  37 
5 - 2 5 6  81 

1 7 - 8 3  34 
3 - 1 0 7  22 

7 0 - 6 7 2  292 
1 9 - 1 7 7  86 

4 - 7 0 0  144  
152 349 2 i 7  

1 6 - 1 2 1  64 
8 295  70 

12--155 52 
2 8 - 2 6 4  94 
5 0 - 5 0 0  1 9 5  
1 2 - 5 7 5  211  

Wt .  
ave r age  

55 
2 1 6  

42 
118  
107  

29 
60 
96 

123  
4 1  

119 
156  
2 3 7  
212 
176  
102 

68 
20 
48 
23 

115  
114  

39 
106  
120  
247  
135 

28 
75 

2 3 7  
52 
34 

170  
150  
125  

17 
86 
32 
18 

299  
70 

132  
191  

53 
65 
44  
88 

1 6 7  
171 

R u r a l  

Po-mla-  n a r d -  
t ion ness 

( X  1,0OO) a v e r a g e  

1 ,915  72 
Rlq 215  

1 ,366  80 
677  189  
571 ( 1 0 7 )  
504  42 
147  72 

1 ,292  252  
1 , 9 0 9  1 2 6  

361 172 
3 , 2 5 6  358  
2 , 0 5 4  352  
1 , 6 0 4  355  
1 ,100  307  
1 ,982  2 0 6  
1 ,482  112  

504  22 
633 30 

1 , 0 4 6  58 
2 ,505  298  
1 ,688  280  
1 ,653  34 
1 ,702  247  

345  193 
813 2 6 7  

64 ] 68 
~257 55 
962  110  
408  337  

3 , 0 5 7  106  
2 ,811  126  

4 6 6  300  
3 ,101  361  
1 ,338  246  

764  50 
3 ,789  172 

78 26  
1 , 3 7 4  19 

472  452  
1 , 9 5 7  84 
3 ,845  126  

3 1 6  222  
2 5 4  79 

1 ,758  141  
1 ,042  83 
1 , 3 5 4  202  
1 , 8 2 0  2 3 9  

155  2 4 7  

62 ,863  

Tota l  

Popu la -  
t ion 

( X  1 , 0 0 0 )  

3 , 1 2 6  
1 , 1 1 1  
1 , 7 4 4  

1 3 , 6 0 0  
1 ,632  
2 , 2 4 0  

430  
809 

4 , 0 0 1  
3 , 6 9 9  

636  
9 , 5 8 5  
4 , 5 2 5  
2 , 7 9 6  
2 , 0 9 5  
2 , 9 9 9  
3 , 0 2 7  

927  
2 , 8 2 7  
4 , 8 1 0  
7 ,788  
3 ,315  
2 , 1 6 8  
4 . 2 2 4  

666  
1 ,439  

2 5 7  
565  

5 , 5 8 0  
805  

1 5 , 8 3 3  
4 , 4 1 7  

6 4 4  
9 , 1 8 0  
2 , 2 4 3  
1 , 7 6 4  

1 1 , 0 2 0  
83O 

2 , 3 0 8  
695  

3 ,443  
8 ,953  

847  
3 7 4  

3 ,638  
2 , 6 5 3  
1 , 9 7 5  
3 , 8 5 7  

309  

1 6 8 , 4 0 3  

a I-Iardness  expressed  as p.p.m. CaCOa. 

H a r d -  
ness 

wt.  av.  

65 
216  

72 
122  
107  

32 
64 
98 

165  
85 

149  
225  
289 
2 9 4  
174  
171 

9O 
21 
44  
31 

174  
199 

35 
162  
1 5 8  
258 
143 

40 
81 

288  
62 
93 

2 6 5  
221  
197  : 

31 
116  : ~ 

31 
19 

4O3 
78 

129  
203  

71 
102  

59 
166  
201  
2O9 

bases. These surface-active agents have the unique 
characteristic of producing more voluminous and 
more stable foam in hard  water  than  in soft water.  
This makes it desirable to add a stabilizer, such as 
an amide, to the product  in order to produce a stable 
foam in soft water. The addit ion of a stabilizer 
na tura l ly  increases the cost of the detergent.  I t  is 
therefore a mat te r  of considerable economic impor-  
tance to the manufac tu re r  to be sure that  this ex- 
pensive fo rmula  be distr ibuted only in the areas 
where it is actual ly  needed. 

F r o m  the foregoing it is obvious that  many  prob- 
lems can arise in the distr ibution and manufac tu re  
of a l ight-duty synthetic detergent  for  use throughout  
the United States. F r o m  the manufac tu r ing  point of 
view a considerable savings could be effected if an 
economically priced, universal  product  capable of 
per formance  in hard  and soft water  could be pre- 
pared  since handl ing and storage problems would be 
minimized. Similar ly  distr ibution problems would be 
simplified with a universal  product.  A s tudy of the 
distr ibution of water  throughout  the United States 
a s  a funct ion of hardness can be useful in both of 
the above approaches to the manufac tu re  and distri- 
bution of soaps and synthetic detergents.  In  the 
approach toward a universal  product  it is necessary 
to formulate  in such a manner  that  the major i ty  of 
the populat ion (an a rb i t r a ry  range selected by man- 
agement)  will be satisfied with the performance  since 

it is conceivable that  no one product  can meet the 
requirement  of being sat isfactory under  all condi- 
tions. In  the approach to supply ing  two formulas,  
one for  soft-water areas and one for  hard-water  areas, 
it is necessary to determine which states, or areas, 
should be supplied with each type of detergent.  In  a 
product  of the la t ter  type, consumer preference and 
satisfaction depend entirely upon the proper  distribu- 
tion of the correct product  for  any  par t icu lar  area. 

Source of Data  

In  order to s tudy the distr ibution of water,  the 
basic source of informat ion was the United States 
Depar tment  of the Inter ior ,  Geological Survey  Wate r  
Supp ly  Pape r  No. 1299, entit led " T h e  Indust r ia l  
Ut i l i ty  of Public Wate r  Supp ly  in the Uni ted States, 
1952." The Uni ted States Depar tment  of Commerce, 
Bureau of the Census, pamphle t  entitled "Prov is iona l  
Est imates  of the Popula t ion of States and Selected 
Out lying Areas of the United States, J u l y  1, 1957," 
was used to revise the populat ion distribution. The 
distr ibution of home water-softeners in the United 
States was determined f rom informat ion supplied by  
the Wa te r  Conditioning Research Council. 

Discussion of Data  

The data obtained f rom these sources have been 
a r ranged  in tabular  and graphic  form. 
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Table I shows the distr ibution of water  by states. 
This informat ion was obtained by detailed analyses 
of the water  supplies, both finished and raw, of 1,315 
cities with more than  15,000 population. (Several 
small cities were tallied in order to provide adequate 
coverage for  all states.) The populat ion figures used 
were those for the civilian populat ion of the Uni ted 
States. The mi l i ta ry  was excluded since it is a justi- 
fiable assumption that  mi l i ta ry  personnel will not be 
affected by the distr ibution of synthetic detergents.  
The increase in populat ion f rom 1952 to 1957 was 
assumed to have been in the u rban  areas entirely 
since no more recent accurate tabulat ion than  the 
1952 one was available for  this study. 

The average hardnesses in the u rban  areas are sim- 
ply  ar i thmetic  means of all the water  samples in any 
par t icular  state. The average range is merely the 
listing of the lowest and highest hardness found in 
any  state. 

The weighted averages of hardness are more mean- 
ingful  than  the ar i thmetic  averages since they take 
into consideration the number  of people using water  
of vary ing  degrees of hardness. Observation of the 
figures in Table I indicate that  the weighted averages 
and ari thmetic averages arc quite similar in the many  
cases. 

In  determining the water  hardness for  the rura l  
areas, another  assumption had to be made. In  the 
original compilation os data  for  the u rban  area, 
ground-water  supplies were averaged for  each state. 
I t  would be logical to assume tha t  the water  ob- 
tained for  cities f rom this source would also be in- 
dicative of the water  obtained in ru ra l  areas f rom 
similar strata,  No ground-water  supply  informat ion 
was  available for Colorado; consequently the surface 
water  supply  was used for  the ru ra l  hardness value. 
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Fro. I. Distribution of water by population. 

In  F igure  1 the distr ibution of water  by populat ion 
has been plotted in a f requency polygon form indi- 
cating the number  of people in each range of water  
hardness for  urban,  rural ,  and total  population. I t  
will be observed tha t  the range for  the u rban  popu- 
lation is not as great  as for  the ru ra l  population.  
This is as would be expected, since municipali t ies with 
extremely hard  water  will, to some degree, soften the 
water  before dis tr ibut ing it. Both the u rban  and total  

populat ion distr ibution indicate a peak for  the range 
of 101-150 p.p.m. Mathematical  estimation of the 
mean-hardness and s tandard  deviation for each break- 
down are also shown on the graph.  In  making these 
calculations, it was necessary to assign a mean value 
for  the open-end range over 400 p.p.m. This was 
taken to be 450 p.p.m. (the value obtained f rom the 
distr ibution by states in Table I ) .  Examina t ion  of 
these ealculations reveals that,  on the average, the 
water  is quite soft and tha t  the greatest  var ia t ion is 
found in the rura l  areas. 
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l~ia. 2. Cumulative population vs .  water hardness. 

F igure  2 is an ogive, showing the accmnulated 
totals of populat ion plot ted against  hardness. The 
populat ion is expressed in millions of people on the 
left  ordinate and as percentage of the total  populat ion 
on the r ight  ordinate. A few observations can be 
made f rom this plot which will be helpful  in deter- 
mining the performance  limits for  a universal  prod- 
uct. i f  a product  can be produced which would have 
sat isfactory per formance  in all water  up to 200-p.p.m. 
hardness, 80% of the total  populat ion would be able 
to use it. This percentage could be raised to approxi-  
mate ly  90 by  increasing the performance to 250-p.p.m. 
hardness. Urban  areas would be near ly  95% (100 
million out of a total  of 105 million) satisfied with a 
product  capable of good performance  irt 200-p.p.m. 
water ;  however this is only approximate ly  60% of 
the total  population. 

Est imates  by  the water-condit ioning indus t ry  have 
indicated that  approximate ly  31j million home water-  
softener units are in use in the United States. This 
includes soft-water service, home-owned softeners, and 
rental  units. The large major i ty  of these units are 

T A B L E  I s  

S t a t e s  w i t h  W e i g h t e d  A v e r a g e  W a t e r - t - I a r d n e s s  U n d e r  : tO0 p . p . m .  

S t a t o  S t a t e  p . p . m .  

A l a b a m a  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A r k a n s a s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o n n e c t i c u t  . . . . . . . . . . . . . . . . . . . . . . .  
D e l a w a r e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i s t r i c t  o f  C o l u m b i a  . . . . . . . . . .  
G e o r g i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L o u i s i a n a  . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a r y l a n d  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M a s s a c h u s e t t s  . . . . . . . . . . . . . . . . . . .  
M i s s i s s i p p i  . . . . . . . . . . . . . . . . . . . . . . . . .  

p.p .In. 

7 2  
3 2  
6 4  
9 6  
8 5  
9 0  
2 I  
zl,l 
3 1  
3 5  

N e w  H a m P s h i r e  . . . . . . . . . . . . . . . .  
N e w  Je r sey"  . . . . . . . . . . . . . . . . . . . . . . .  
N e w  Y o r k  . . . . . . . . . . . . . . . . . . . . . . . . .  
N o r t h  C a r o l i n a  . . . . . . . . . . . . . . . . .  

I O r e g o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R h o d e  : I s l a n d  . . . . . . . . . . . . . . . . . . . .  
S o u t h  C a r o l i n a  . . . . . . . . . . . . . . . . .  
Tennessee . . . . . . . . . . . . . . . . . . . . . . . . .  
~*~er m o n t . ,  . . . . . . . . . . . . . . . . . . . . . . . . .  
W~hi~gto~ ...................... 

4 0  
8 1  
62  
93  
3 1  
31  
1 9  
7 8  
7 1  
5 9  
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located in the urban areas (more than 15,000 pop- 
ulation) although, no doubt, some will be found in 
smaller communities. Using an average family size 
of 3 ~  members, the home softeners will affect ap- 
proximately 12 million people or, in other words, 
7% of the total population. Assuming that  the sof- 
teners are installed whenever the water  is 200-p.p.m. 
hardness and over, this will enable us to raise the 
accumulated total below this hardness by 7%. There- 
fore, going" back to the original distribution in Figure  
2, we can conclude that  87% of the totaI population 
will use water of less than 200 p.p.m, hardness and 
that  97% of the population, on the average, will use 
water under  250-p.p.m. hardness in their homes. This 
makes the approach toward a universal product  very  
promising. 

In  the event that  it would be desirable to use the 
two-product approach, the states listed in Table I I  
would be singled out for  distribution of a soft-water 
product  which would be necessary in water under  
100-p.p.m. hardness. The balance of the states would 
find the hard-water  product  satisfactory. 

Conclusion 

A study has been made of the hardness of the 
water  throughout  the United States in regard to its 
distribution by states and by total population. The 

purpose was twofold: a) to determine the range of 
performance necessary for  a soap or synthetic de- 
tergent  product  in order to be satisfactory to the 
major i ty  of the population and b) to determine the 
areas of distribution for  products  of vary ing  per- 
formance characteristics in respect to water hardness. 
The s tudy has taken into consideration municipal 
water- treatment for  the urban population, the dis- 
t r ibut ion of rura l  population, and the distribution 
of home water-softeners. The mean water-hardness 
found in the United States, ignoring the home sof- 
tening-units, was estimated to be 136.6 p.p.m, with a 
s tandard deviation of 90.9 p.p.m. Twenty-one states, 
including the District  of Columbia, were found to 
have a weighted average hardness under  100 p.p.m. 
In general, the hardest  natural  water  is found in a 
narrow belt covering the states of South Dakota, 
Iowa, Illinois, Indiana, and Ohio. 
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Bulk Sampling of Soybean Oil Meal 
V. B. SHELBURNE, 1 R. L. REYNOLDS, 2 SPENCER KELLOGG and SONS INC., 
Buffalo, New York 

D RAWING A SAMPLE from a carload of meal which 
will reflect the t rue composition of the car is a 
problem with which every processor is faced 

daily. F u r the r  it is a problem of wide applicabili ty 
to industries dealing in bulk materials such as feeds, 
fertilizers, and chemicals. 

This s tudy was made to determine whether a con- 
tinuous flow sample taken during the loading of the 
ear is as representat ive of the contents as the official 
loading sample, which is taken by probing af ter  load- 
ing. This s tudy was conducted as a prel iminary to a 
more detailed s tudy which should be made to assess 
the variabil i ty of sampling and the degree of strati- 
fication, if any, which exists in a bulk car. F rom such 
a s tudy minimum sample sizes and the most economic 
sampling method could be determined. 

Sampling Methods. The official method of sampling 
soybean meal has been designated by the National 
Soybean Processors Association (1). 

The main features  of Chapter I of the Grain Inspec- 
to r ' s  Maimal (revised, effective Ju ly  1, 1942) provide 
that  for sampling bulk shipments the sample shall be 
taken with a s tandard double tube, l l -compar tment  
bulk grain probe. At  least  five probes must  be taken 
in different sections of the car as follows: 
(1) probe in center of the car; 
(2) probe f rom 2 to 4 ft .  back from the doorpost to- 

w a r d  the end of car and approximately 2 ft. out 
f rom one side of the car; 

(3) probe from 2 to 4 ft .  f rom same end of the ear 

i Present address: The Carborundum Company, Niagara Falls, N. Y. 
2 Present address: Spencer Kellogg and Sons Inc., Decatur, Ill. 

and approximately 2 ft .  f rom the opposite side of 
the car as in (2) ;  

(4) and (5) probe same as in (2) and (3) in opposite 
ends and sides of the car. 

The probe shall be inserted at  an angle of about 10 
degrees f rom the vertical, with the slots closed. The 
slots shall be faced up when the probe is opened. While 
the slots remain open, give the probe about two slight 
up-and-down motions so tha t  all the openings may be 
filled, close slots, and withdraw the probe, placing the 
contents of the probe full  length on a sampling cloth. 

Individual probe samples shall be inspected to check 
on uniformity.  The individual probe samples are then 
composited into one sample, representing the entire lot .  

The official method has par t icular  advantage i in 
that it allows the purchaser to sample the car before 
unloading. Presumably the method should be used by 
the vendor to draw his sample,,before shipment. Un- 
for tunate ly  the method is: liable to misuse by both 
vendor and vendee unless the sampler is carefully 
supervised; the practical difficulties in the use of 
probes are well known ,to those with experience in 
sampling meal cars. A method which is not subject 
to variation from a human source is desirable. For-  
tunately the vendor ~can take a continuous flow sample 
dur ing the loading of the car which is not subject 
to the vagaries of human nature~ 

Af te r  some trial  and error  a system was designed 
for sampling f rom the loading spout. 

Continuous Flow Method (dock). The sampler is 
a 1-in. s tandard pipe reentered in the stream of meal 
as it discharges f rom the o.verhead conveyer into the 
vertical section of the loading spout. The upper  end 


