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1930's (17) demonstrated the intereonversion of satu- 
rated and monounsaturated acids by isotope labelling. 
These considerations make it conceivable that  the dif- 
ference between the abilities of land animals and fish 
to synthesize polyunsaturated acids is simply one of 
degree. 

There still remains to be explained the differences 
between the level of the polyunsaturated fa t ty  acids 
of fresh water and marine forms. Lovern (8) has 
indicated that  this difference is also found in the zoo- 
plankton indigenous to those environments. The data 
in Table I indicate that within the limits imposed by 
normal variations between species and the limits of 
the analytical procedures no differentiation can be 
made between fresh water and marine forms after  
diets containing cottonseed and menhaden oil, that  is, 
the differences within the two experiments with mul- 
let and within the four species of fresh-water fish are 
as great as the differences between the mullet and the 
fresh-water fish. One can therefore conclude that, at 
least for the fish studied, the differences exhibited by 
the fresh-water and marine fish in their natural  habi- 
tat are caused by differenees in their natural  diets. 
I t  is probable that this difference lies ultimately with 
the phytoplankton of those environments. A report 
of the work done in this laboratory on this problem is 
now in preparation. 

Summary  

Four  kinds of fresh water fish were captured in 
the young stage, maintained on a low-fat diet for 
about two months, and either continued on that diet 
or transferred to test diets containing 10% cottonseed 
or menhaden oil for about five weeks. The fish were 
then sacrificed, and their total body fa t ty  acids were 
examined for relative amounts of 2, 3, 4, 5, and 6 
double bonds. I t  was found that no significant change 
front the natural  diet occurred in the fa t ty  acids on 

the low-fat or cottonseed oil diets while on the men- 
haden oil diet the fa t ty  acid composition changed to 
resenlble the composition of that oil. 

These changes differed from those of the marine 
mullet in that the body fat  of the latter lost much 
of its natural ly  occurring polyunsaturated acids, 
when placed on the low-fat regimen, and regained it 
on the menhaden oil diet. 

Conclusion 
1. Both marine and fresh-water fish appear able 

to synthesize polyunsaturated though not necessarily 
essential fa t ty  acids from nonfa t ty  precursors. 

2. The differences between the fa t ty  acid composi- 
tion of the body fat  of marine and fresh-water fish 
largely resuIt from differences in their dietary fa t ty  
acids. 
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Research on the Effects of Detergents (Alkylbenzenesulfonates 
and Phosphates)in Sewage Systems. A Progress Report 
J. D. JUSTICE, Lever Brothers Company, Research and Development Division, Edgewater, New Jersey 

I 
~ 1956 about 700 million pounds of synthetic sur- 

face-active agents were produced in the United 
States. Combined with the appropriate quantities 

of polyphosphates, the commercial syndets are eventu- 
ally discharged into the country ' s  sewers and sewage- 
treatment plants. Sewage-treatment plant operators 
occasionally see foam in the treatment basins. Aided 
by publicity in the lay press, the notion has come into 
being that the detergents seriously interfere with effi- 
cient treatment of sewage. The detergent question is 
only one of the many problems which have arisen 
during the past few years to challenge the water- 
works and sewage-treatment people. Detergents are 
only one of the many chemical, organic, and bacterial 
substances which find their way into surface waters 
from municipal sewage effluents or industrial wastes, 
or which might result from the natural  plant  and 
animal processes which take place in surface waters. 

The program established by the American Assoei- 

1 This repor t  covers work supported by the American Association of 
So~p ~11d Glycerine Producers .  

s Presented a t  the fall meeting of the American 0i l  Chemists'  Society. 
September 30, 1957. 

ation of Soap and Glycerine Producers is aimed at 
learning something of the effects of formulated deter- 
gents on sewage and water treatment. 5lost of the 
formulated detergents consist of two principal com- 
ponents: the organic surfactant  and inorganic phos- 
phates. The most widely used organic active is sodium 
alkylbenzenesulfonate, ABS. The research projects 
have therefore been concerned with the effect of the 
two principal components, ABS and phosphates. In  
particular, the questions which these projects have 
sought to answer are these. 

1. Do the complex phosphates find their way into natural 
water supplies? If so, does their presence interfere with 
the usual water-purification processes? 

2. In addition to possible effects on drinking water, what 
effects, if any, do phosphates and ABS have an aquatic life? 

3. What is the fate of ABS in the actual sewage-treatment 
process? How much is there in the effluent from the treat- 
ment plants ? 

4. Is the presence of ABS responsible for the frothing which 
is occasionally observed ill treatment plants? If so, can the 
treatment, be modified to reduce or eliminate this phe- 
nomenon ? 

5. Is there any truth to the belief that ABS interferes with 
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the biodegradation of sewage? Is the ABS itself subject 
to bacterial degradation? 

6. Are there available reliable and practical methods for the 
analysis of ABS and phosphates in water at extremely low 
levels? If  not, can they be developed? 

A pre] iminary  investigation of the analyt ical  prob- 
lem revealed that  existing methods, which are still 
used to a large extent, are subject to na tura l ly  occur- 
r ing positive interferences and hence do not give reli- 
able results. These methods are based on colorimetric 
extraction techniques. A new and reliable method for  
the analysis of ABS ' i n  water  is now available however 
as a result  of the efforts of an AAS&GP subcom- 
mittee for  the analysis of ABS. The concentration of 
ABS in surface water  is rare ly  above 1 p.p.m. The 
new method works satisfactori ly in this range. Un- 
for tunate ly  this method is ra ther  time-consuming, in- 
volving adsorption of the ABS on a carbon column, 
removal f rom the column with alkali, followed by 
various extract ion steps, which remove fu r the r  inter- 
ferences, and finally identification of an ABS-methyl  
heptyl  amine complex by inf rared  absorption. A modi- 
fication of this method, in which the adsorption on 
carbon has been eliminated is now under  s tudy  by 
the committee. Both of these methods are long and 
require in f ra red  equipment.  A research project  has 
therefore been init iated at  the Univers i ty  of Southern 
California under  O. H. Miller for  the development of 
a short analyt ical  method for the determinat ion of 
ABS in sewage and water.  The goal of this work is 
the development of a method which will be quick 
enough and simple enough to be used rout inely in 
sewage-treatment  plants. 

In  addit ion to the subcommittee on ABS, the 
A A S & G P  formed a subcommittee for the analysis 
of phosphates. The importance of a reliable and 
pract ical  method capable  of measuring and differen- 
t iat ing between orthophosphate,  inorganic condensed 
phosphates, and organic phosphates at  fractional  
par ts  per  million is self-evident. This is the concen- 
t ra t ion which may  reasonably be expected in a s tudy 
of the problems associated with phosphates f rom 
formulated detergents that  enter surface waters. 
Such a method was not available at the t ime the 
various research projects  were initiated. As a result  
of the efforts of the Phosphate Advisory Subcom- 
mittee of the A A S & G P  such a method has now been 
developed and proved out by  collaborative analyses 
on a var ie ty  of na tura l  waters. This method is now 
being p repared  for  publication. 

Projects 
To s tudy  the presence of phosphates in na tura l  

waters, an investigation at the Univers i ty  of Illinois 
was under taken  with the objective of determining 
first, the level and var ie ty  of phosphates tha t  exist in 
na tura l  Illinois waters  and second, the effect of such 
levels upon water-purification procedures. A survey 
has been completed of one Illinois stream, a reservoir, 
and a typical  drainage basin (the Kaskaskia) .  I t  
showed tha t  the over-all average phosphate content is 
surpr is ingly  low--0.65 p.p.m., calculated as PfO~--  
with the Kaskaskia  r iver  averaging 0.37 p.p.m. P205, 
of which less than 50% is present  as polyphosphates.  

In  order to estimate proport ions of the total  phos- 
phate  resul t ing f rom sewage effluent and land drain- 
age, data  were obtained at  a number  of sampling 
points above a n d  below sewage-treatment  plants.  I t  
was found tha t  a considerable amount  of phosphate 

comes f rom agr icul tura l  land drainage. At  times 
this f a r  exceeds the amounts contributed by sewage 
efl]uents, consisting in pa r t  of detergent  phosphate 
residues. 

Since it was of interest to know in what  fo rm the 
phosphate exists, studies on the degradat ion of poly- 
phosphates were undertaken.  I t  was found tha t  the 
degradation of polyphosphates proceeds fas ter  in 
na tura l  unfiltered waters than  in filtered, natural ,  
or distilled water.  Reversion of polyphosphates has 
also been shown to take place fas ter  in some natura l  
waters than in others although both may  have origi- 
nated f rom the same sampling point at different 
times. Increasing temperature ,  as expected, acceler- 
ates reversion. 

This informat ion served to select realistic phos- 
phate  levels for  the second pa r t  of the investigation 
which dealt  with coagulation phenomena. Small- 
scale experiments  were made by  employ ing  tripo]y, 
pyro,  monosodium, and disodium orthophosphates in 
concentrations of 1.37 to 5.48 p.p.m, as PfO~, which 
is considerably higher than  the levels found in natu- 
ral  Illinois waters. In  these studies i t  was found that  
it was never necessary to use more than 12 p.p.m, of 
alum to reduce residual tu rb id i ty  to acceptable levels. 
As would be expected, at low alum dosages, poly- 
phosphates in terfere  with coagulation somewhat more 
than simple orthophosphate.  Many of these observa- 
tions have been reported by  Jesse C. Dietz at the 
Purdue  Conference in May 1957. 

Under the direction of P. H. McGauhey and E. S. 
Crosby a s tudy  has been under taken at the Sani ta ry  
Research Engineer ing  Labora to ry  of the Univers i ty  
of California of the fate of ABS dur ing  the sewage- 
t rea tment  process. This has extended over roughly 
two years. In  these experiments  the ABS was tagged 
with sulfur-35, and its progress through the treat-  
ment  was followed with the usual raidologieal moni- 
toring instruments.  I t  was. found that  only 2 -4% of 
ABS is removed f rom sewage in the p r ima ry  settling 
tanks but that  considerable degradat ion of ABS is 
brought  about by activated sludge. The maximum 
degree of reduct ion obtained with present  methods is 
about 55-60%. Alkyl  sulfate is more readily degraded 
by activated sludge than ABS.  The studies at  tile 
Universi ty  of California are sufficiently encouraging 
to give reason to hope that  higher reduction of ABS 
may  be possible by modification of the t rea tment  
process. The A A S & G P  is continuing sponsorship of 
this research. 

In  a project  a t  MIT,  under  the direction of Ross 
McKinney, the emphasis is somewhat more on the 
biological aspects. Thus far ,  no pure  bacteria cul- 
tures have been found which are capable of com- 
pletely degrading  ABS. On the other hand, it has 
been firmly established tha t  sewage bacteria decom- 
pose a port ion of the ABS, and thereby a major  pa r t  
of the ABS entering a sewage plant  can be made to 
disappear  through biodegradation. 

There is also some evidence that  ABS induces or 
accelerates util ization by bacter ia  of other nutr ients  
available in sewage. This is a significant factor  in 
favoring growth of the m a n y  varieties of bacteria 
commonly present  in sewage. These bacteria, it has 
been shown, are not de t r imenta l ly  affected by ABS, 
in concentrations fa r  in excess of levels no rma l ly  
found in raw sewage. Neither  in a modified sewage- 
digesting system nor  in W a r b u r g  studies was there 
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any  evidence of build-up of an intermediate tha t  
blocked degradat ion of continuously added ABS. 

Hav ing  established that  ABS is not toxic to sewage 
bacteria, that  there is no apparen t  build-up of an 
in ter fer ing residue, and that  under  favorable condi- 
tions a major  port ion of ABS can be biologically 
degraded, investigations have been under taken to ac- 
complish max imum ABS degradat ion in actual  prac- 
tice. These experiments  were conducted in a modified 
activated sludge system in which biological popula-  
tion and act ivi ty are mainta ined at a constant and 
max imum level. Such a system depends upon con- 
tinuous, un i fo rmly  dis tr ibuted addit ion of waste to 
vigorously agitated sludge f rom which, by means of 
suitable design, waste solids are continuously re- 
moved. Such a system is refer red  to as a Hi-Lo 
system. 

In  laboratory experiments with na tura l  as well as 
synthetic sewage, ABS removal efficieneies of 60-80% 
have been demonstrated.  The higher efficiencies were 
achieved when a high level, 5,000-6,000 rag./1., of 
mixed liquor, suspended solids was maintained. 

Because of these favorable findings, a t tent ion has 
been given to the proper  hydraul ic  and biological 
design through s tudy of small-scale models. Engi-  
neering data for  design of a full-scale prototype have 
been developed, and MIT  has, under  independent  
study, an investigation of such a Hi-Lo system on a 
full  scale. 

Frothing 
The problem of f rothing in sewage t rea tment  tanks 

has often been ascribed to the presence of synthetic 
detergents. To s tudy this problem the Soap Associ- 
ation maintains  a project  at the Universi ty  of Wis- 
consin under  the direction of G. A. Rohlieh. The 
official title of the project  is: " F r o t h i n g  in Sewage 
Treatment ,  I t s  Causes and E l imina t ion . "  This has 
been a most difficult problem to approach.  As m a n y  
plant  operators have observed, local operat ing condi- 
tions and environment  influence the degree of f roth-  
ing. As a result, the variat ions within any  p lant  and 
f rom plant  to p lant  have made it difficult to separate  
the various physical, chemical, and biological condi- 
tions which might  contribute to the frothing.  

The project  was s tar ted by a t tempt ing  to determine 
whether a problem does indeed exist. A question- 
naire was dis tr ibuted to several hundred act ivated 
s ludge-treatment  plants  in the United States. The 
major i ty  of replies indicated that  f ro th ing occurs, 
to some degree, and that  it is most prevalent  dur ing 
the periods of low flow and weak sewage strength.  
I t  is impor tan t  to note however tha t  a large major i ty  
of those who repor ted f ro th ing felt  that  it had no 
effect on p lant  efficiency. In  m a n y  plants  the amount  
of f ro th ing was not troublesome. Also a substantial  
number  felt  tha t  factors  other than  detergents  were 
involved. 

As a first step in evaluating the problem on a small- 
scale laboratory  basis, a foam meter  was developed 
by  which f ro th ing persistency can be measured accu- 
rarely and reprodueibly.  Wi th  this device several  
common chemical const i tuents  of sewage were studied 
to determine which were the most impor tan t  in their  
effect on f ro th  formation.  

A large propor t ion of the total  amount  of ABS 
present  in a given mixed liquor sample is adsorbed 
or otherwise associated with the act ivated sludge sol- 
ids. The remainder  is " f r e e "  or in solution. I t  has 

been assumed that  the compounds most likely to con- 
t r ibute  to f rothing are those which are " f r e e , "  con- 
sequently the evaluation of the var ious compounds 
has been restricted to those in solution. This does 
not, of course, preclude the possibility that  certain 
physical  properties,  such as suspended solids concen- 
tration,  might  also influence the extent of f rothing 
of a par t icular  mixture.  

These significant points were noted under  labora- 
tory  conditions. 
1. Certain organic solutions common to sewage, particularly 

those containing proteinaceous breakdown products, give a 
stable froth when aerated. ABS by itself will also produce 
some froth, if present in snffieiently high concentrations. 
The most stable froth however results from the combination 
of ABS with proteinaceous breakdown products; the total 
volume and the persistency are greater than the sum of the 
froth produced by each component alone. Concentrations of 
about 3 p.p.m, of each of " f r e e "  ABS and organic nitro- 
gen would seem to be sufficient to produce a stable froth. 

2. As the aeration of the activated sludge sewage-sample con- 
tinues, the amount of " f r e e "  ABS present in the mixed 
liquor decreases. 

Field Investigations 
As a follow-up to these labora tory  studies a num- 

b e r  of field investigations were under taken  at various 
act ivated sludge sewage-treatment  plants. In  addi- 
tion, some larger  bench-scale labora tory  studies were 
made. In  all of these tests the following determina-  
tions were made: ABS, pH,  ammonia-nitrogen,  or- 
ganic nitrogen, biological oxygen demand, electrode 
potential,  suspended solids, and temperature .  Froth-  
ing of the various mixtures  was evaluated under  
static and dynamic conditions. All of these findings 
were combined, and statistical evaluations were con- 
ducted on an IBM computer.  Both simple and mul- 
tiple correlations were obtained. 

Pre l iminary  in terpre ta t ion  of these data indicate 
correlation of f rothing and ABS, also between froth-  
ing and  the ammonia  nitrogen. To a lesser extent there 
would appear  to be a positive correlation between 
f ro th ing  and BOD, and f ro th ing and temperature .  
There was no strong correlation between f rothing and  
organic nitrogen, as was indicated by the pre l iminary  
laboratory  tests. This could be explained, of course, 
if  the na ture  and composition of the organic ni t rogen 
were different in the two cases. 

Low values of f roth  persistency correlated with high 
values of suspended solids, suggesting that  increasing 
suspended solid levels should decrease frothing.  This, 
of course, is an effect which has been observed in a 
number  of plants.  

Based on the experience gained on this project  dur-  
ing the first two years  of its existence, a th i rd-year  
project  has jus t  been s tar ted with the emphasis on 
finding methods which make it possible to control or 
eliminate frothing. 

There remains, at this point, one other aspect to be 
repor ted on, that  is, the ABS which emerges as pa r t  
of the effluent f rom sewage-disposal plants.  Two prob- 
lems are under  s tudy  in this connection. One is the 
removM of ABS f rom potable waters  by  modification 
of conventional sewage- and water - t rea tment  proc- 
esses. This project  is under  the direction of Charles 
Renn of the Depar tment  of San i ta ry  Engineer ing  and 
W a t e r  Resources of The Johns Hopkins  Universi ty.  
While the :project has not been underway  very  long, 
some ve ry  interest ing results have been obtained. Fo r  
example, it has been possible to demonstrate  tha t  fine 
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bubble aeration and the skimming away of the result- 
ing foam will significantly reduce the ABS concentra- 
tion in the mother liquor. This finding is present ly  
being fu r the r  investigated under  va ry ing  conditions 
of aeration, using waters  of different mineral  content. 

The second problem in connection with ABS in 
sewage-treatment plant  effluents eoncerns the effect of 
ABS on aquatic life. This project  is maintained at the 
Phi ladelphia Academy of Natura l  Sciences under  the 
direction of John  Cairns and Ruth  Patr ick.  Their  in- 
terest is the determinat ion of the toleranee of aquatic 
life for alkylbenzenesulfonate. The organisms under  
test are bluegill fish, snails, and diatoms. This project,  
too, has been under  way for a relat ively short period 
only. Pre l iminary  results indicate that  the lethal dose 
of ABS in both hard  and soft water  is many  times 
greater  than  maximum concentration ever recorded in 
any lakes or streams. 

Summary 
Several univers i ty  research programs on the effects 

of alkylbenzenesulfonate (ABS)  and condensed phos- 
phates on water - t rea tment  plants  and sewage-treat- 
ment  plants  are reviewed. Methods of analyzing for  
very small amounts of these materials  have been de- 
veloped. The concentration of condensed phosphates 
in surface waters  was determined, and it was found 
that  even at  several times these levels the effect on 
normal  water - t rea tment  procedures is slight. In  sew- 
age t rea tment  plants the presence of ABS is only one 
of the factors in the f ro th ing  problem. Ammonia  
nitrogen, BOD, and tempera ture  are also involved. 
Most of the ABS entering an activated sludge process 
is biologically degraded, and it has no toxic effect on 
sewage bacteria. At  the levels found in surface waters 
ABS does not have a toxic effect on aquatic life. 

[Received Apr i l  10, 1958] 

Report of the 'Color Committee, 1957-1958 

T 
HE WORK of the Color Committee of the American 
Oil Chemists '  Society dur ing the 1957-58 year  
has been confined to the revision of Method Cc 

13b-45 and to the acquir ing of the necessary data for 
publishing an article on the s tandardizat ion of Lovi- 
bond glasses, which appeared in the March, 1958, 
issue of the Journa l  of the American Oil Chemists '  
Society. The article appear ing  in the Journa l  is self- 
explanatory  and resulted f rom a decision made at the 
New Orleans meeting in May, 1957. A copy of the 
revised method for the determinat ion of color fol- 
lows. The Color Committee recommends the amended 
procedure to the Uniform Methods Committee for  
adoption. 

A meeting of the committee was held on Apri l  20, 
1958, to discuss a p rogram for 1958-59. 

R .  C.  STILLMAN,  c h a i r m a n  

Sampl ing  and  Ana lys i s  of  Commercia l  F a t s  and  Oils 
A.O.C.S. Official Method Cc 13b-45 

(Correc ted  Nov. 1947, revised Oct. 1952, revised Nov. 1953, 
revised Oct. 1955) 

COLOR 
Wesson  Method,  Us ing  Lovibond Glasses Cal ibra ted  in  Accord- 

ance  wi th  N" Scale. 
Definition: This  me thod  de te rmines  the  color by  compar ison  

wi th  g lasses  o f  known color charac ter i s t ics .  
Scope: Appl icable  to all no rma l  f a t s  and  otis, p rov id ing  no 

t u rb id i t y  is  p r e sen t  in the  sample.  

A. APPAKATUS 
1. Colorimeter. T h e  i n s t r u m e n t  cons is t s  of  a l igh t -proof  

box  with a dull  black inter ior ,  i l l umina ted  by  a 100-watt  
blue f ros ted  M a z d a  electric l igh t  bulb.  A block of  mag-  
nes ia  1 x 2 ~  x 3 ~  in. is placed in  the  i n s t r u m e n t  a t  the  
p roper  angle  to reflect  the  l igh t  f r o m  the  electric bulb  
ver t ical ly  u p w a r d  t h rough  the color tube  and  color glasses .  
Th inne r  m a g n e s i a  blocks m a y  be used  in combina t ion  
wi th  a spacer  to give the  1-in. to ta l  th ickness .  
An  eye piece f inished wi th  a dull b lack in ter ior  is f i t ted 
over (outs ide)  the  r e c t angu l a r  top of  the  tube  holder  so 
t h a t  the  l igh t  passes  t h rough  the  color tube  and  color 
glasses .  Eye  pieces wi th  spl i t  fields are  no t  pe rmi t t ed .  
The  tube  holder  (1 in. i .d.) is f i t ted wi th  la/i 6 in. i.d. 
r i ngs  a t  the  bot tom.  One r i ng  is to r e t a in  the  color tube  
con ta in ing  the  oil sample ,  and  the  o ther  is to pe rmi t  an  
equal  a m o u n t  of  l i gh t  to reach the  color glasses.  

a. Wesson Type. Wesson  type  of colorimeter ,  cons t ruc ted  
as shown in  the  i l lus t ra t ion .  

b. Stevenson. The S tevenson  colorimeter  confo rms  to the  
above specif icat ions for  the  Wesson  Colorimeter  and 
is approved.  See Oil and  Soap, 13, 18-20 (1938).  

c. Lovibond Tintometer, Model 14A. The Lovibond  Tint-  
ometer ,  Model 14A, confo rms  to these  specifications 
and  is  approved  when opera ted  accord ing  to the man-  
u f a c t u r e r ' s  ins t ruc t ions .  

2. Color Booth. The eolorimeter  is m a i n t a i n e d  in a booth 
or cabinet ,  no t  less t h a n  40 in. wide a n d  30 in. deep. 
The  booth  or cab ine t  is closed so t h a t  no externa l  l igh t  
can  enter .  The inside of  the  booth is pa in t e d  a dull 
neu t ra l  g r a y  of Munse l l  value  4. The  booth  is illumi- 
na t ed  by  a 15-watt  day l i gh t  bulb,  m o u n t e d  48 in. above 
the  colorimeter  box in an  indirect  f ixture so tha t  no 
direct  r ay s  s t r ike  the  color imeter  or the  eye of the  
reader .  The level of  i l lumina t ion  in the  booth,  a t  top 
of the  box of the  colorimeter ,  is to be not  less t h an  1, 
nor  more  t h a t  5 foo t  candles .  

3. Color Glasses. Color g lasses  shall  be ca l l ibra ted  to con- 
f o rm  to the  Na t i ona l  B u r e a u  of S t a n d a r d s  N" Scale. 
Glasses m a y  be ca l ib ra ted  by the  Elec t r ica l  Tes t ing  
Labo ra to r i e s  or m a y  be compared  a g a i n s t  a s t a n d a r d  
set  ca l ib ra ted  by  the  Elect r ical  Tes t i ng  Labora to r ies  or 
the  Na t i ona l  B u r e a u  of S tanda rds .  The  me thod  of com- 
pa r i son  shall  conform as near ly  as  possible  wi th  t h a t  out- 
l ined in B u r e a u  of  S t a n d a r d s  Research  P a p e r  653, p. 274. 
The m i n i m u m  s t a n d a r d  set  shall  consis t  of  the  following 
n u m b e r s  of  red and  yellow g lasses :  
Red:  

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
1.0 2.0 2.5 3.0 3.5 4.0 5.0 6.0 7.0 
7.6 8.0 9.0 10.0 11.0 12.0 16.0 20.0 

Yellow : 
1.0 2.0 3.0 5.0 10.0 15.0 20.0 35.0 50.0 70.0 

Glasses above 1.0 red need no t  have  the  exact  value  
shown in the  table  b u t  should cover the  s a m e  range.  
Caution: Keep  the color g lasses  clean a n d  f ree  f rom oil 
film. H a n d l e  carefu l ly  and  pro tec t  a g a i n s t  scratches.  I t  
is especial ly i m p o r t a n t  t ha t  every color g lass  be clean a t  
the  t ime  of  use .  

4. Color Tubes. 
a. Descr ip t ion.  Color t ubes  of  clear, colorless glass  with 

a smooth ,  f la t  pol ished bo t tom and of the  fol lowing 
d imens ions :  l eng th  154 ram. over-all, ins ide  d iameter  
19 mm. ,  outs ide d iamete r  22 ram. 


