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ABSTRACT

~~~ $ ~~‘
~ Various~~ethods tbr the ama1y~Tr~rsurfactants in aqueous solution

were reviewed , evaluated, and/or assessed . Emphasis was placed on the
development of field test kits based on two improved colorimetric methods
involving the use of methylene blue and Azure A.

The simplified and improved Methylene Blue Method and Azure A

Method require only 5 or b ml of aqueous reagent and 25 ml of chloroform
for analyzing one sample. The principles , analytical procedures and

limitations of the two methods are described in detail.

A field test kit based on the use of a portable spectrophotometer
(or photometer), and a field test kit based on the use of color comparison
device(s) are proposed for use by military personnel with limited training
in chemistry .
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1.0 INTRODUCTiON

Under Contract No. DAAKO2-73-C-0206, Calspan Corporation was

authorized by the U. S. Army Mobility Equipment Research and Development

Center (USAME RDC) to develop test methods , techniques , and devices for
determining the optimum operational parameters of a physicochemical system

designed for the treatment of wastewaters generated at field laundries,

showers , and kitchens. The existing Army Standard water purification units

(described in Ref. 1) are being considered as basic components of the phys i-
cochemical treatment system involving powdered carbon adsorption, poly-

electrolyte coagulation , and diatomaceous earth filtrat ion (Ref. 2).

One of the primary objectives of this on-going research is to

establish the methods for determining the optimum dosages of powdered

activated carbon and polyclectrolyte. It is known (Ref. 2) that the powdered

carbons are mainly responsible for the removal of dissolved organics from

• wastewater . The spent carbons as well as the suspended pollutants in the

hastewater are expected to be ~emoved by the subsequent polyelectrolyte

coagulation and filtration . A logical approach to defining the chemical

dosage requirements is to determine first the powdered carbon dosage based

on the dissolved organic content and the initial pH of the wastewater to

be treated and then determine the polyelectrolyte dosage based on the

carbon dosage and the suspended solids in the wastewater.

The first step of determining required carbon dosage is not an

easy task under field conditions because a rather rapid means for analyzing

dis solved organics is required due to the variations in this parameter

with time .

The dissolved organics content is generally measured in terms of

biochemical oxygen demand (SOD), chemical oxygen demand (COD) and total

organ ic carbon (TOC). SOD and COD determinations are extremely time

consuming and it becomes impractical to measure these parameters before

starting each field waste treatment operation . Although TOC analysis is a

rapid method for characterizing wastewater and monitoring the treatment

1 

‘•• - . - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V - ,• ’ •V- - - —~~~ •’•-— ~~V-~~~~ -- • -~-



I

system , its f ield applica t ion is tota l ly  l imi ted by the nonpor tabi l i ty
and sophistication of TOC analyzers . Therefore, the deve lopment of field
analytical method(s) to replace SOD , COD and TOC is necessary .

It has been known (Ref. 3) that the dissolved organic pollutants

in the ki tchen , l aundry , and shower was tewa ters of field mi li tary opera tions
are mainly con tr ibuted by the dishwashing de tergen ts , laundry de tergents ,
soaps , food constituents , oil and dirts. It is hypothesized that the ratios

of b C/de tergen t , COD/detergent , and SOD/detergent for a specific waste

stream would be fairly constant. If these ratios for the target wastewaters

can be predetermined and documented , a simp le measurement of detergent level

in the wastewater would give the approximate TOG, COD , and/or SOD values.

Accordingly, the chemical dosages for treating such wastewater can be computed .

This report first reviews and assesses various methods for the

analysis of detergents (i.e. , surfactants) in aqueous solution . Since none
of these available methods were considered to be satisfactory for the rapid

field appl ication , the emphasis of this research was placed on the development

of field test kits based on two improved colorimetric methods involving the

use of methylene blue and azure A. The analytical technique s and devices
developed under this program are summarized and concluded in Section .0,

S*JT44ARY, ~ONCLUSIDNS AND RECO*iENDAT 1ONS .

2
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2 . 0  LITE RATU RE REVIEW

Generally there are four types of analytical methods for analyzing
detergents (or surfactants): infrared method ; gas chromatographic and
paper chromatographic methods; two-phase titration method ; and colorimetric
me thods.

The infrared method (Refs . 4 and 5) for surfactant analysis was
developed by an analyt ical subco~~ittee of the Soap F~ Detergent Assoc iation
as a spec i f ic , quantative procedure that prov ides an unequivocal identification
and measure of surfactant in water. This method involves the collection

and isolation of a few milligrams of alkyl benzene sulfonate (i.e., ASS)
or l inear alkylate sulfonate (i.e., LAS), and its quantitative deteruination

• based on infrared absorpt ion of an amine complex of the surfactant (i.e.,

ASS, LAS , or equivalent). This method is complicated and time-consuming .

It requires a large sample size (e.g., at least 10-liter sample would be

required if 1 ppm of ABS or LAS is present in the water sample) and infrared

equipment . Besides , it is suggested by AWWA (Ref. 4) that the infrared

method be applicable to r aw water samples only, not to sewage or industrial

was tes.

~~ chromatographic analysis of anionic surfactants has been

researched by Swicher (Ref. 6) and Knight (Ref. 7). Since the method

requires sophisticated instrumentation , it  cannot be considered as a field

analytical method , and thus will not be discussed further. Examination of

detergents by paper chromatography has been conducted by Drewry (Ref. 8).

Based on Drewry ’s technique , developme nt of a f ield test k it for detergen t

analy sis is possible. However , use of the paper chromatographic technique
or the test kit would require a well-trained chemical technician.

Analysis of LAS and other ionic surfactants by a two-phase titration

method was first suggested by Caispan Corporation (Refs. 9 and 10). The

method is termed “two-phase t itration method” because water-insoluble chloro-

form is employed as an extractant for reagent separation from the water

3
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sample. This water-chloroform two-phase mixture is then titrated with S

a standard sodium tetraphenylboron reagent with intermittent shaking to

insure equilibrium between the chloroform and the aqueous phases. This

titr ation method is superior to the standard Methylene Blue Method

(Ref. 5) in that i t  i s  applicable to analyzing both cationic and anionic

surfactants in both fresh and saline waters (Ref. ) .  However , the field

military wastewater generated from showers, laundries and kitchens is

know n to be generally anionic in nature and to have low salinity ~kef . 3).
An even simpler field test kit based on a colorimetric method i s  suggested

for evaluation or development under this research program .

The most comonly used colorimetri c procedures for ABS or LAS are

the methylene blue techni que (Refs. 4, 5, 11 , 12 , 13), methyl green technique

(R e t ... 14 , 15) , crv~ ut 1 vio let method (Ref. it ’ ) , and azure A method (Refs .

l~ and 18). All these methods Jept~nJ ~.‘n the formation of colored salt when

the added d’.e reacts with ASS ~r LAS . The dye-detergent comp l ex is soluble

in a solvent extractant but not in water , whereas the dye and the detergent

are soluble in water hut ~~~t in the solvent extractant (such as chloroform)

The color i~ ten~.ity of the dye-detergent comp1e~ in the scivent is propor-

tional to the detergent concentration . This intens ity can be measured in

a spectr c~t~ ret er (c’r a f ilter photometer) and compared with standard

solutic ’ns fcr apparent detergent content in terms of mg/ i ABS or LAS.

The co~~erc ial field test kit’ . manufactured ~ Lovihond of

Ame r ican , Inc . Albc rtson , 1.1. , ~~~. 1. 11507) and Delta Scientific Corp.

(Lindenhurct , N. y . 1 1 5 )  are operated on the basi c of methylene blue

method )Refs . 5, 11 and 12). l. &’vibond test kit requires a l engthy time

f a b i ~ut  30 mm .) to perform a test. The Delta method is faster (about 20

mm .) hut is subjec t tc’ interference from the chloroform-extractable pollutants

present in the wastewater.

Mach Chemical Co. (Ames , Iowa , SO OL O) manufactures two field test
k it s  for the analysis of anionic detergent in aqueous solution . The first

kit uses cryc tal violet  method , whic h is Introduced in Appendix 1; while

the second kit uses methy l green method , whic h j c  introduced in Appendix II.

4
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Both test procedures are simple enough for a people with limited chem ry

traini ng to perform . Unfortunatel y both are extremely time-consuming

(about 60 m m .  per test is required).

Us ing azure A for the determination of long-chain alkyl sulfates

w a s  first sugges ted by Steven inck and Riemersma (Ref. 17) in l9bb . A

Japanese scientist later evaluated its applicability to the measurement of

ABS in water sample (Ref. 18) in 1972. The current azure A method is not

app lica t ’le to the analysis ot detergent in the wastewater containing chioro-

form-extractable pollutants (such as oil), and is sub i ect to the interference

caused by the presence of inorganic salts in a water saWle.

Under Contract No. DAAKO2-73-C-021 )t’, sponsored by the 1JS~~~RDC ,

La lspan Corporation significantl y simp lified and improved the standard

methylene blue method (Ref. 5) and the current a:ure A method (Ref. 18)

f~ r field use. The amount Of reagents and apparatus required for each test ,

the tim e required for the separation of chloroform from a shaked chloroform -

water mixture , the inte rte ren~.e caused by the chloroform-extractable pollutants .

and the interference caused h y the inorganic salts , are all greatly reduced .

Sections 3.0 and 4.0 de’.~~r~ he the prin ciples , required reagents , required

apparatus , and an~i ’~vti c a1 procedures for the two Caispan improved colorimetric

methods. Secticn 5.0 introduces the .alspan developed field t e s t  kits based

on thc two i~~;’r~ vc~ methods.

5
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3.0 ~L~ )3DIF1II) P4ETHY LENE BLU 1. METUOL)

3.1 Princ ip le

The water sample to be analyzed is t reated with 25 ml of chloroform

and an excess amount of methylene blue reagent under an appropriate pH

condition, When methylene blue reacts with anionic detergent such as ,

linear alkylate sulfonate (LAS) cr the like , a blue-colored sa l t  forms.

Such methytene blue-detergent complexs are often designated as meth ylene

blue- active substances (MBAS) , which are soluble in chloro form . The intensity

of blue color in the vigorously rocked and subsequently separated chloroform

l iyer is pro~’.’rtional to the concentration of the methylene blue-detergent

complex.

Fi gure 1 show s the chemical reaction between the methylene blue and

the detergent.

The intensit y of the methylene blue-detergent complex can he measured

by making spectrophotom etric readings in the chloroform. Figure .~ shows the

% transmittance curvu ~f the treated 25 ml chloroform sample (resulting from
the addition of 150 g cf I.A~ ) at  a wavelength range of 1 9 5 - t’ t~ m~ . The
optimum wavelength which gives the minimum ‘4 transmittance or the maximum

absorbance is b52 mp.. The measurement was made with a Bausch ~ Lomb Model
Spectron ic 600 Spectrophotometer.

3.2 Reagents

a. ~ tocI~ l inear a lk yl ate sulfonate (LAS) solut i on (not required

for the f ield test k i t ) :  We igh an amount of the reference material equal

t~ 1.000 g LAS on a 100% active basis. Dissolve in distilled water and

dilute to one liter ; 1.00 ml g 1.00mg LAS. Store in a refrigerator to

minimi ze biodegration .

b. Standard linear aikylate sulfonate (LAS) solution (not required

for the field test kit): Dilute 50.00 ml of stock LAS solution to one
liter with distilled water: 1.00 ml ~ SO. Opg LAS .

c. Methylene blue reagent : Dissolve t ’2 5  mg methylene blue (Last-

man No. P573 or equivalent), in 400 ml distilled water. Then gradually add

6
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10.0 ml concentrated sulfuric acid to the 400-nd mixture , and shake until

dissolution is complete. Dilute the solution to 500-mi .

d. Buffer solution : Add 20.0 ml concentrated sulfuric acid to

400 ml distilled water in a 500-nd flask. Then add 150.0 gram s N aI-12P04 . H20,

24.8 grams Nii
2

KPO4 7H20, and 52.5 grams citric acid , and shake unt il

dissolution is complete. Dilute to the 500-mi mark .

e. Chlorofo rm, anhydrous

f .  Glass wool (optional)

3.3 Apparatus (also see Section 5.0, Recommended F ield Tes t Ki ts ) :

a. Graduated cylinder: 50 ml

b. scparatorv funnel: 250-mi , preferably with inert teflon

stopcock.
c. Filtering funnel (optional): ~f

d. Spectrophotometer or filter photometer , providing a light

path of 1 cm or longer , and exhibiting maximum absorbance near 652 m~ .

e. Colo r comparison disc , chart , or bottles (optional , See Section

5.2): to be used only when a spectrophotometer or photometer is not available.

3 .4 Analytical Procedures of Methylene Blue Method Using Portable Spectro-
photometer or Photometer:

a. Fill a test cell wi th pure chloroform for use as a blank when

the interference due to chloroform-extractable foreign substances is negligible.

(Note A) Insert the cell containing the blank into a spectrop)
~~tometer or

a photometer. Ad just the instrument to 100% transmittance or zero absorbance
at 652 m~x or equivalent . (Note B)

b. Place an aliquot amount of water or wastewater sample into a
. separatory funnel, and d i lu te to 50 ml wi th  distilled water if necessary .

Add 1 m l of methylene blue reagent , 5 ml of buffer solution , and 25 ml of
chloroform to the separatory funnel. Stopper the separatory funnel , and
shake it vigorously for at least 30 seconds .

9
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c. Allow to stand undisturbed for 5 minutes after shaking . The

chloroform w ill separate from the water and settle. If anionic surfactants

are present , the chloro form layer will be blue in color.

d. Wedge a small plug of glass wool. in the stem of the filtering

funnel , and place the funnel in a clean dry test cell. Filter the chloroform

layer through the glass wool. (Note C).

e. Place the prepared chloroform sample in the cell holder of the

instrument , and read the ‘4 transmittance or the absorbance at 652 m~ or

equival ent . (Note B). Convert the ‘4 transmittance (or the absorbance) to

mg/ i linear alkylate sulfonate (LAS) with a calibration curve shown in

Fi gure 3 or equivalent .

NOTL A

When the method is applied to the examination of the anionic

surfactant in a polluted water containing significant amount of chloroform-

extr actable foreign compounds (such as oil), the blank chloroform to be

used for instrument calibration should be prepared according to the

follo wing procedures: Place an aliquot amount of water sample into a

sepazatory funnel and dilute to SO ml with distilled water (the dilutions

f or the blank and for the methylene blue treated sample in the procedure

3.4.b should be same). Add S ml buffer solution and 25 ml of chloroform

to the separatory funnel. Stopper the separatory funnel and shake it

vigrrously for 30 seconds. Then, follow the procedure 3.4.d to get the

bl ank chloroform sample.

The above modified method is generally applicable to a water or

w astewater  samp le containing no more than 45 ppm chloroform-extractable

compounds (or oil and grease). If the concentration of chloroform-extractable

foreign compounds in the sample is close to or higher than 45 ppm , a spec ial
remedy has been developed by Calspan and is presented in Section 6.3 , Limita-

tions , Interferences and Remedies.

10 
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NOTE B

When a Delta Model 260 Photometer (Ref. 11) is used, its f i l ter
selector should be adjusted to 660 or 570.

NOTE C

The use of glass wool for removing the water drops in the chloroform

layer is optional. If the glass wool is not available or not desirable to

be used , the separated chloroform layer in a separatory funnel can simply

be drained into a glass flask and swirled. The water drops in the chloroform,

if any, will attach on the gla ss wall and be removed. The dewatered chloroform

w ill then be placed in a clean dry test cell for further test .

3.5 Anal yt ical Procedures of Methy lene Blue Method Using Color Comparison
Dev ice or Char t

Follow the procedures 3.4.b through 3.4.d inclusive . Then compare

the blue color developed in the separated chloroform layer with a color

bottle set , a color chart or a color comparison disc (see Section 5.2).
Read the mg/l LAS from either of these color comparison devices or chart.

12 
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4.0 t.UDIFIED A URE A

4.1 Princ iple

The water sample to be analyzed is treated with chloroform and

an excess amount of azure A reagent . In the presence of the chloroform,

the azure A reacts with anionic detergent and forms a chloroform-soluble

bl ue-colored complex (see Figure 4). Such complexes can be designated as
azure A active substances (AAAS). The intensity of blue color in the

vigorously rocked and subsequently settled chloroform layer is proportional

to the concentration of the azure A-detergent complex .

The bl ue color of the azure A-detergent complex can be measured

color imetrica ll> by making spectrophotometric readings in the chloroform.

A typical percent t ransmittance curve in Figure 5 covers a wide wavelength

range from 195 to ~b~’ nqi. The figure , correspond ing to a trea ted 150 ~g-
LAS sample , shows that the optimum wavelength for the azure A-detergent

complex i s b23 mp. The measurement was made with a Bausch t~ Lomb Model

Spectronic 600 Spect rophotometer.

4.2 Reagents
a. Stock linear alkylate sulfonate (LAS) solution (not required

for the field test k i t ) :  Weigh an amount of the reference material equal

to 1.000 g LAS on a 100% active basis. Dissolve in distilled water and

dilute to one liter; 1.00 ml 1.00 mg LAS . Store in refrigerator to

m i n i m i z e  biodegradation .

b. Standard linear alkylate sulfonate (LAS) solution (not required

for the field test kit): Dilute 50.00 ml of stock LAS solution to one liter

w Lth  distilled water ;  1.00 ml 50.0 ~ig LAS.

c. Azure A reagent: Dissolve 100 mg azure A (Fisher No. A-9 0 or

equivalent), 24 .8 grams Na
2

IIPO4 ~‘ii~O , and 52.5 grams citric acid in 400

ml distilled water. Add 4 ml concentrated sulfuric acid to the 400-mi

mixture , and shake until dissolution is complete. Dilute the solution to

500-mi .

13
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d. Buffer solution: Add 4ml concentrated sulfuric acid, 24,8

grams Na,HPO4 ~~~ and 52.5 grams citric acid in 400 ml distilled
water. Shake until dissolution is complete. Then, dilu te the solu tion
to 500 ml.

e. Chloroform, anhydrous .

f. Glas s wool (optional).

4.3 Apparatus (also see Section 5.0, Recommended F ield Tes t Ki ts) :

a. Graduated cylinder: 50-mi .

b. Separa tory funnel: 250-mi , preferably with inert teflon

stopcock .

c. Filtering funnel (optional): 65 mm

d. Spectrophotometer or filter photometer providing a light
path of 1 cm or longer , and exhibiting maximum transmittance
at or near 623

e. Color comparison disc , char t , or bottles (optional , See
Section 5 .2) : To be used only when a spectrophotometer or
photometer is not available.

4.4 Analytical Procedures of Azure A Method Using Portable Spectro-
photometer or Photometer:

a. Fill a test cell with pure chloroform for use as a blank when
the interference due to chloroform-extractable foreign substances is

negl igible. (Note A). Insert the cell containing the blank into a spectro-

photometer or a photometer . Adjust the instrument to 100% transmittance

or zero absorbance at 623 m~i or equivalent . (Note B).

b. Place an aiiquot amount of water or wastewater sample into a

separatory funnel , and dilute to 50 ml with distilled water if necessary.

Add S ml of azure A reagent and 25 ml of chloroform to the separatory funnel.
Stopper the separatory funnel , and shake it vigorously for at least 30 seconds.

16
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c. Allow to stand undisturbed for 5 minutes after shaking. The

chloroform will separate from the water and settle . If anionic surfactants

are presen t , the chloroform layer will be blue in color.

d. Wedge a small plug of glass wool in the stem of the filtering
funnel , and place the funnel in a clean dry test cell. Filter the chloroform

layer through the glass wool. (Note C)

e. Place the prepared chloroform sample in the cell holder of
the instrument , and read the ‘4 transmittance or the absorbance at 623 m~x
or equ ivalen t ~Note B). Convert the ‘4 transmittance (or the absorbance)
to mg/i linear alkylate suifonate (LAS) with a calibration curve shown in

Figure 6 or equivalent.

NOTE A

When the method is appl ied to the exam ina tion of the anionic surfac tant
in a polluted water containing significant amount of chloroform-extractable
foreign compounds (such as oil), the blank chloroform for instrument

cal ibration should be prepared according to the following procedures: Place

an al iquot amount of water sample into a separator>’ funnel and dilute to 50

ml with distilled water (the dilutions for the blank and for the azure A

treated sample in the procedure 4.4.b should be same) .  Add S ml buffe r
solution and 25 ml of chloroform to the separatory funnel. Stopper the

separatory funnel and shake it vigorously for 30 seconds. Then, follow the
proced ure 4.4.d to get the blank chloroform sample.

The above modi fied method is generally app licable to a water or

wastewater sample containing no more than 45 ppm chloroform-extractable
compounds (or oil and grease) . If the concentration of chloroform-extractable

foreign compounds in the sample is close to or higher than 45 ppm , a special
remedy has been developed by Calspan and is presented In Section 6.3,

Limitations , In terferences and Remed ies.

NOTE B

When a Delta Model 260 Photometer (Ref. 11) is used , its filter
selector should be adjusted to 570 or 520. When a Ilach DC-DR (or AC-DR)

17
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Col orimetric (Ref. 19) is used , its filter selector should be adjusted to

4445 or 9798 .

NOTE C

The use of glass wool for removing the water drops in the chloroform

la yer is optional. If the glass wool is not available or not desirable to

be used , th e separated chloroform layer in a separatory funnel can simply

be drained into a glass flask and swirled . The water drops in the chloroform ,

it any , w ill atta~h on the glass wall and be removed . The dewatered chloroform

will then be placed in a clean dry test cell.

4.5 Analytical Procedures of Azure A Method Using Color Comparison Device
or Chart

Fol lo w the procedures 4.4 .b throug h 4.4.d inclus ive . Then compare

the blue color developed in the separated chloroform layer with a color

bottle set , .i color chart or a color comparison disc (see Section 5.2).

Read the mg/ i L-\S from either of these color comparison devices or chart ,

19
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5.0 RECO*tENDE[) FIELD TEST K ITS :

Two types of field test kits for performing the analytical tests

described in Sections 3 and 4 were developed under this program . The

first type (Section 5.1) involves the use of a portable spectropho tometer
or a filte r photometer. The second type (Section 5 .2)  involves the use of

a color comparison device or chart for determining the anionic surfactant

concentrat ion . The apparatus and chemical reagents to be packed in these

ki ts are fully described below .

5.1 Field Test Kits Using Portable Spec trophotometer or Photometer

Mcthyl ene’ Blue Method

.‘. Graduated cylinder: 50 ml

b. Separ .ttorv funnel: 250 ml , preferably w i th  inert teflon
stopcocks

c. Fi ltering funnel (optional): 65 mm

d. Glass woo l (opt i~ n.i1): 4 cu. in.

e. One or two b~~tl es i~f chloro form : 250 m l each , stored
in the g lass or metal bottles

f. One bottle of methylene blue reagent : 100 ml , stored in a
p l a st ic bottle.

g. One g l a ss  hypodermic ~.yringe (opt ional): 5 ml capacity;
for measur ing chloro form .

h. Two p last ic  hypodermic syr inges:  5 ml capac i ty ;  for measuring
methylene blue reagent and buffer solution.

i . One bott le of butter solution : 100 ml solution stored in a
plastic ho tt le.

j. One glass Lrlenmcyer flask (optional): 125 ml capacity, w ide
mou th , heavy du ty r im , graduated .

k. Spectrophotometer or filter photometer (calibration curves
included) , any one of the following is reco ended :

• L)e lta Model 260 Photometer (Ref. 11)

• Hach DR/2 Spectrophotometer (Ref. 16)

• Hach DC-DR (or AC-DR) Colorimeter (Ref. 19)

Fi gures 7- ,i and 7-b are two calibration curves furnished by Caispan

for the Delta Model 2t’V Photometer.

20 
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Azure A Method

a. Graduated cylinder: 50 ml

b. Separator>’ funnel: 250-ml , preferably with inert
teflon stopcocks

c. Filtering funnel (optional): 65 nun

d. Glass woo l (optional): 4 cu. in.

e. One or two bottl es of chloroform: 250 ml each , stored
in the glass or metal bottles.

f. One bottle of azure A reagent : 100 ml , stored in a plastic
bottle

g. One glass hypodermic syringe (optional): 25 ml capacity ;
for measuring chloroform .

h. Two plastic hypodermic syringes: 5-ml capacity; for
measuring azure A reagent and buffer solution

i. One bottle of buffer solution: 100 ml solution stored
in a plastic bottle

j .  One gl ass Erlenmeyer flask (optional): 1 5  capacity,
wide mouth , heavy duty rim , graduated

k. Spectrophotometer or filter photometer (calibration
curves included) , .iny one of the following is reco~~iended :

• (elta Model 260 Photometer (Ref. 11)

• Hach DRJ 2 Spectrophotometer (Ref. 16)

• Hach DC-DR (or AC-DR) Colorimeter (Ref. 19)

Figures S-a and 8-b are two calibration curves furnished by Caispan

— 
for the Delta Model 260 Photometer.

5.2 Field Test Kits Using Color Comparison Device or Chart

Met hylene Blue Method

A color comparison device or chart i~ used in the field to replace

a spectrophotometer or a filt er photometer. Ten other items are exactly

same as the Items a through j, inclus ive , for the field test kit described in

Section 5.1 , Methylene Blue Method .
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A set of color bottle standards (not shown) can be used for

detergent analysis based on Methylene Blue Method. A color comparison

disc , shown in F igure 9 , or a color comparison chart can also be used

instead of the bottle standards.

Azure A Method

When Azure A Method is selected for use, similarly a color

compar ison device or a chart can be used in the field to replace a spectro-

photometer or a filter photometer. In addition to a color comparison device

or a chart , ten other necessary items are required and are exactly same

as the Items a through j ,  inclusive , for the field test kit described in

Section 5.1 , Azure A Method,

A set of color bottle standards (not shown) was specifically prepared

for the field analysis of anionic detergent with Azure A Method .

Standard samples can be kept in a set of glass ampules ins tead
of a set of glass bottles for better preservation .
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6.0 EVALUATION

6.1 Mater ials

The following surface-active agents or products were selected 
- 

-

for evalua tion:

a. Linear alkylate sulfonate (LAS): It is supplied in liquid-fo rm

by the Analytical Quality Control Laboratory , Environmental Protection Agency,

1014 Broadway , C incinna ti , Oh io 45202 , and has an average molecular wei ght
of 316.

b. Alkyl benzene sulfonate (ABS): It is supplied in powder form

by the Soap and Detergent Association , 475 Park Ave., New York , New York 10016.

Its formulation is listed below :

• Alkvl benzene sulfonate 48.7%

• Sodium Sulfate 47.0%

• Free Oil 0.4%

• Water 3.9%

• pH ( 1% Solut ion ) 6.0

• Equiv. t4. Wt . 36S

c. Laun dry detergen t , Cold Power: I t is suppl ied in powder form
by Colgate-Palmolive Company , New York , New York . It is biodegradable , and
con tains sod ium sulf ate , sodium silicate , alkylbenzene sulfonate, soap ,

ethoxylated alcohol , moisture , carboxym ethyl cellulose , cold water brighteners ,

aluminum silicates , colorant and perfume.

d. Dishwashing detergent , Ahoy Detergent: It is supplied in liquid

form by the Great Atlantic ~ Pac ific Tea Co., Inc., New York , New York 10017.

The detergent can be used for washing dishes , glassware , pots and pan s , fabr ics ,
and automobiles . It contains the following materials:

• Water 68.5%

• Sodium dodecylben;ene sulfonate 16.0%

• Sodium xylene 4.0%

• Sodium sulfate 2.5%

28 
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• Carbainide 1.7%

• Alcohol ether sulfate 1.7%

• Alcohol ethoxylate 1.0%

• Coconut diethanolamide 1.0%

• Sodium citrate 0.3%

• Opacifier , preservative and perfume 3.3%

e. Chiffon Lemon Dishwashing Lotion : The lotion is a product

of Armour-Dial , Inc., Phoen ix , An :. 85077. The ingredients of the lotion

are:

• Linear alkylbenzene sulfonate 23.0%

• Ethoxylated alkyl sulfate 5.0%

• Ammonium xylene sulfonate 5.0%

• Alkyl diethanolainide 3.0%

• OpaLifier , ethy l alcohol , perfume
and dye 1.9%

• Water 62.1%

f. Cascade dishwashing detergent: The detergent is supplied in

powder fo rm by Procter F~ Gamble , Cincinnati , Ohio. It contains nonionic
surfactant , complex sodium phosphates , chlorinated trisdoium phospha te ,
sodium silicate , sodium sulfa te , colorant and perfume .

g. Ii. S. military bar soap , “Floating Soap”, received from the

U. S. Army Mobility Equipment Research and Development Center , Fort Belvoir ,

Virginia.

h. Ivory Soap, a produc t of Proc ter and Gamble , Cincinnati , Oh io.
The soap is the purest one available in the market. The manufacturer

claims that Ivory contains 94 to 100% soap .

i. Cetyldiaethylbenzylaxnmonium chloride , a cationic detergent.

j. Synthetic wastewater , prepared with tap water , biodegradable
laundry detergent , au toma tic d ishwasher detergen t , ground bar soap, clay ,
lubr ica t ing oil , and canned dog food . The formulation of synthetic waste-

water is reported in Table 1.
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The laundry de tergen t (Cold Power) , the dishwashing detergent

(Cascade), and the soap (military “Floating Soap”) are described in
Sections 6.1.c. b .l.f, and t .I.~~, respectively. Three other materials

used for the synthetic wastewater preparation are described in detail

below :

• Powdered Voiclay Bentonite SPV -- it is supplied by
American Colloid Company , Skokie, I l l inois , and con tains
silica , a luminum , iron , magnes ium , sod ium , potassium ,

calc ium , and others.

• Heavy Duty (1W) oil, grade SAE-lO-- It is supplied by Penn
Corporat ion, Butler , Pa.

• • Canned dog food -- Having a brand name Blue Ribbon Recipe,
it is packed by Riv al Pet Foods , A D iv ision of Associated
Products , Inc . , Bridgeview , Ill. , and contains protein ,

fat , f iber , moisture , vitamins , minerals , and ash.

b .2 Analysis of Surfactants by Improved Colorimetric Methods

Two identical series of standard LAS (Section 6. 1.a) samples
with concentrations of 0, 0.1 , 0.5 , 1.0 , l .S , 2.0, and 3.0 ppm were
analyzed by the improved methylene blue method (Section 3.4) and azure

A method (Section 4.4) wit h a Bausch ~ Lomb Spec trophotometer , Model
Spectronic 600. The li ght path of the instrument cell was 1 cm. Analytical

data were recorded as shown in Figures 10 and 11 by a Bausch ~ Lomb Recorder,
Model VOMS, at a recording speed of 1 inch/mm . Figure 10 shows that the

methylene blue trea ted samples have tran smitta nce spectra s im i lar to Figure 2
with absorption peaks at 652 mp~wavelength. Similarly Figure 11 shows that

the azure A treated samples yield transmittance spectra similar to Figure 5,

and have absorption peaks at 623 m~ , The plots of the peak transmittance

values versus the standard LAS concentrations gave two calibration curves,
Figure 3 for methylene blue method and Figure 6 for azure A method . The

applicab ilities of the two improved colorimetnic methods are thus demonstrated.
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The two colorimetric methods can also be applied to the analysis

of LAS with a filter photometer , such as the Delta Model 260 Photometer

or the Hach AC-DR (or DC-DR) Colorimeter. The former was selected for

evaluation. The analytical procedures outlined in Sections 3.4 and 4.4

were adapted for LAS analyses with methylene blue method and azure A

method , respectively. Both were found to be easy and convenient . Figures
- a and 7-b , which are calibration curves of LAS standards analyzed by

methylene blue method with the Delta Model 260 Photometer , show that the
filter selector S70 can be used for analyzing anionic detergents at a low
concentration range (0- 1.5 ppm LAS ; show-n in Figure 7-a); while the filter

selec tor 660 can be used for a higher detergent concentration range (0-4

ppm LAS; shown i n Fi gure 7-b).

When the Delta photometer was used for analyzing LAS with azure A

method , it was found that the filter selector 570 was particularly applicable

to detecting anionic detergent at 0-1.5 ppm LAS range (Figure 8-a) and the
filte r selector 520 was applicable to detect ing the detergent at 0-10 ppm

LAS range (Figure 8-b). From these studies , of cours e, the applicabilities
of co~~erc ial filter photometer to the two improved methods were demonstrated .

-\ bonus finding is the use of two different filter selectors (or two different

wavelengths) for the field detergent analysi s . An appropriate filter selector

for high LAS range can he used for the analysis of a raw wastewater sample;

wh ile another filter selector for low LAS range can be used for the analysis

— of a treated ~.a- te effluent or a water sample with low LAS content .

Both methylene blue and azure A methods can be used to analyze
anionic surfactants other than LAS, such as , alkylbenzene sulfonate (Section

6.l.b) , Cold Power l.iundry detergent (Section 6.l.c), Ahoy d i shwash ing
detergent (Section b .l.d), and Ch i ffon Lemon L’ishwashing Lotion (Section 7.l.e).

However , neither of the two methods can analyze the nonionic Cascade dlshwashing
detergent (Section 6.1.f), U. S. m il itary “floating soap” (Section 6.l.g),

Ivory soap (Section 6.l.h), and a cationic surfactant , cetyldimethylbenzyl-

aimnonium chloride (Section 6.l.i).

A synthetic wastewater prepared with tap water , b iodegradable

laundry de tergen t , automatic dishwasher detergent , ground bar soap , clay,
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lubricating oil , and dog food (Section 6.1.j) was analyzed by both
methylene blue and azure A methods, with a spectrophotometer (B ~ L

Spectronic 600), a f i l ter photometer (Delta Model 260 Photometer), and
a color comparison dev ice (Color bottle standards). Figures l2and l3

show the Spectronic 600 spectral transmittance curves for the analysis

of the synthetic wastewater by the methylene blue method (Section 3.4)

and the azure A method (Section 4.4), respectively. Based on the peak

transmittance values in Figures 12 and 13, and the calib ration curves in
Figures 3 and 6, the anionic detergent contents of the synthetic wastewater

samples were calculated and reported in Table 2. The measured LAS content

of synthetic wastewater , as indicated in Table 2, should be 43 ~ 5.5 ppm
according to methylene blue method , and 43.75 t 1.25 ppm accord ing to

azure A method .

When the synthetic wastewater was analyzed with Delta Model 260
Photometer , its LAS content was measured to be 42 ~ 7 ppm by methylene
blue method , and 42.5 ~ 2.5 ppm by azure A method . It is then tentatively

conc luded that of the colorimetric methods evaluated , azure A method gave

lowe r deviation in its LAS data , and thus could be better . It should be

further noted that if the Delta Model 260 Photometer is considered for use
as a field instrument, the opt imum LAS detecting ranges of methylene blue

method are 0-1.5 ppm for filter selector 570 (Figure 7-a) and 0.25-3.0 ppm

for fil ter selector 660 (Figure 7-b) ; while the optimum LAS detecting ranges

of azure A method are 0-1.5 ppm for filter selector 570 (Figure 8-a) and

— 0. 25-10.0 ppm for filter selector 520 (Figure 8-b). It is conceivable that

azure A method has a wider LAS detecting range and , therefore , could be
more app l icable to the f ield use.

Bes ides , during the evaluation period , it was also found that the 
—

improved azure A method is superior to the impr~ved methylene blue method in

the following aspects: sharper color contrast of the treated chloroform

compared to a blank , more rapid chloroform/water separation rate, uch
less water drops in the treated and separated chloroform layer , and more
stable dye reagent .
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The same synthetic wastewater was also analyzed for its LAS
content following the procedures outlined in Sections 3.5 and 4.5 , and its
san’ples were compared with the preprepared bottle standards (Figures not

shown) having eight LAS concentrations : 0, 0.1 , 0.5, 1.0 , 1.5, 2.0,
3.0, and 6.0 ppm . An 1:50 diluted wastewater sample , treated by either
methylene blue method or azure A method , was observed to be close to

but sli ght ly li ghter than the 1-ppm bottle standard. Assuming the 1:50

diluted wastewater sample contains 0.9 ppm LAS, the detergent content of

synthetic wastewater sample is 45 ppm (Note: SO X 0.9 45), which is
very close to the LAS values measured by a spectrophotometer and a filter

photometer.

In suimnation , the appl icability of two improved colorimetric methods,

as well as the recommended field test kits , to the analysis of anionic

nonsoapy detergents in aqueous solution was demonstrated to be positive

and promis ing. E ither the improved methylene blue method or the improved
azure A method is hig hly recommended for f ield use for monitoring the
wastewater ’s LAS concentration and controlling the waste treatment process.

Howeve r , the improved azure A method is better than the improved methylene

bl ue method .

6.3 Limitations , Interferences ant’~ Remedies

The basic problem with the colorimetric methods is that many naturally

occurring substances also form extractable salts with dyes such as methylene

bl ue or azure A. The colorimetric methods , a l though convenient , may show
erroneous results. A chemist or a wastewater treatment operator must

understand the limitation s of the improved nethylene blue method (Section 3.0)

and the improved azure A method (Section 4.0) when he interprets the detergent

data.

When the improved methylene blue method (Section 3.0) is used,

possible interferences will be similar to those of the standard methylene

blue method (Ref. 5). Both organic and inorganic compounds interfere with

the measurement of LAS or A S-S. Organic sulfates , sulfona tes, carboxylates ,
phospha tes , and phenols , which complex methylene blue , and inorganic cyanates,
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chlorides , nitrates , and thiocyanates, which form ion pairs with methylene
blue, are among the positive interferences. Organic materials, especially
amines which compete with the methylene blue in the reaction, cause low
results. Generally positive errors are much more common than negative
errors when determining anionics in water.

The possible interferences of the improved azure A method (Section
4.0) are not completely known so far. Since the molecular structure of

azure A (shown in Figure 4) is similar to that of methylene blue (shown

in Figure 1), it is expected that organically bound sulfates, sulfonates

carboxylates, and some inorganic ions such as nitrates and chlorides will

cause positive interferences; while organic amines will cause negative

interferences. The degree of interference has not been quantified.

It has been demonstrated in Section 6.2 that neither of the two

improved methods (Sections 3.0 and 4.0) can be used for quantitative analysis

of soaps , nonionic detergents and cationic detergents. So far there is no
— convenient analytical method which can quantitatively measure soap or

nonionic detergents in the field. The cationic detergents , however , can
be measured in the field by the Calspan developed two-phase titration method

(Refs. 9 and 10).

The presence of chloroform-extractable foreign compounds in a

water sample will cause positive interference for both Improved colorimetric

methods. If the concentration of chloroform-extractable foreign compounds ,

such as oi l and grease , is lower than 4$ ppm , using a buffer solution treated

chloroform (prepared according to Note A in Section 3.4 or Note A in Section

4.4) as blank for instrument calibration will solve the problem.

If the concentration of chloroform-extractable foreign compounds in

a water sample is higher than 45 ppm , the remedy for the detergent analysis

by one of the improved methods will be the pre-extraction of those chloroform

soluble compounds from the sample. It was observed during this research

that aethylene blue , azure A , LAS and ABS individually are all water
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soluble , but not chloroform soluble. Only when the dye (either methylene

blue or azure A) complexes with the detergent (either LAS or ABS), does
the dye-detergent complex become chloroform soluble. In other words, a

plain chloroform extraction (without adding any dye or buffer for the

detergent complexation) prior to the colorimetric detergent analysis will
remove the chloroform-extractable pollutants, such as oil and grease, from
the water sample. Such chloroform-oil mixture should be initially collected

at the bottom of an extraction separatory funnel, then completely drained

and discarded . The pretreatment procedures of plain chloroform extraction

are briefly described below :

a. Place an al i quot amount of water or wastewater sample into a
separatory funnel , and dilute to 50 ml with distilled water if necessary.

b. Add 25 ml of chloroform to the separatory funnel. Stopper the

separatory funnel , and shake it vigorously for at least 30 seconds.

c. Al lo w to stand und isturbed for a few minu tes af ter shaking .
The chloroform will separate from the water and settle. If chloroform-

extractable compounds are present , the chloroform layer will be colored

or turbid.

d. Completely drain the spent and settled chloroform. Add another
25 ml fresh chloroform to the separatory funnel containing the water sample ,

and repeat steps b and c until the spent and settled chloroform becomes

crystal clear (i.e., nearly 100% transmittance at an appropriate wavelength

against a pure chloroform as blank).

e. The pretreated SO ml water sample can then be analyzed for its

detergent content by one of the improved colorimetric methods (Sections 3.0

and 4.0). The pure chloroform can serve as the blank for instrument cali-
bration , if necessary.
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7.0 SU*IARY, CONCLUSIONS AND RECOt+IENDATIONS

a. Various methods for the analysis of anionic surfactants in

aqueous solution were reviewed, evaluated, and/or assessed in Section 2.0.

None of the surveyed methods can be easily and rapidly used in the field
by military personnel with l imited chemistry training .

b. The standard methylene blue method described in the Standard

Methods for the Examination of Water and Wastewater, 13th Edition , by

APHA , AWWA , and WOCF (Ref. 5), was greatly simplified and improved for the

field use by military personnel. Its principle , required reagents, required

apparatus, and analytical procedures are described fully in Section 3.0.

The measured surfactant(s) in water or wastewater can be reported to be

mg/l LAS (i.e., linear alkylate sulfonate) or mg/i MBAS (i.e., methylene

blue active surfactant).

c. The Azure A method , initially developed by Steveninck and
Riemersma in 1966 (Ref. 17), was also significantly improved and simplified

for the field use . Its principle , required reagents, required apparatus,

and analytical procedures are introduced in Section 4.0 in detail. The

s:irfactants measured by azure A method can be reported to be either ag/ i
LAS or ag/ l AAAS (i.e., azure A active surfactant).

d. Two types of field test kits for analyzing anionic nonsoapy

detergents were developed under this program. Section 5.1 describes the

field test kits which are based on the use of a portable photometer or

spectrophotometer. Section 5.2 describes the kits involving the use of

a color comparison device or chart.

The applicabilities of the improved methylene blue method, the

improved azure A method and the related field test kits to the measurement

of detergent(s) in aqueous solutions were evaluated . Both improved methods

(Sections 3.0 and 4.0), as well as the test kits (Section 5.0), can be used
by military personnel with limited training in analytical chemistry for

measuring anionic nonsoapy snythetic detergents. Evaluation data are

presented in Section 6.0.
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. f. Compared to the standard methylene blue method (Ref. 5),

analyzing anionic surfactant by either the improved methylene blue method

(Section 3.0) or the improved azure A method (Section 4.0) will require

less time and less amount of reagents and apparatus for each test. With

the improved methods , the interferences caused by the chloroform-extractable

pollutants and inorganic salts can also be greatly reduced.

g. If a filter photometer (such as Delta Model 260 Photometer) is

to be used ~or anionic surfactant analysis by one of improved colorimetric

methods , an appropriate filter selector for high LAS range (such as Figure

8-b) can be useful for the analysis of a raw wasl ewater sample; while another
filter selector for low LAS range (such as Figure 8-a) can be particularly

useful for the analysis of a treated waste effluent or a water sample with

low LAS content .

h. The limita tions of methylene blue method and azure A method were

also investigated . It was found that neither of the two methods can be used

for quantitati ve analys is of 
~~~~ 

nonionic detergent and cationic deteraent.

Other Limitations and possible remedies are described in Section 6.3.

i. The improved methylene blue method is much simpler than the

standard methylene blue method (Ref. 5) and thus is recomeended for use

analyzing the surfactant content of raw and treated wastewater if the deter-

gent (or surfactant) data have to be reported as mg/i MBAS (i.e., methylene
blue active surfactant).

j. The improved azure A method was found to be superior to the

improved methylene blue method for the following reasons: (1) the azure

A method provides sharper color contrast due to its dye-detergent complex

compared to a blank; (2) the separation rate of chloroform from water is

faster; (3) much less water drops present in the treated and separated

chloroform layer ; (4) the effective LAS detecting range is broader; (5)
there is a smaller deviation in analytical data; and (6) the dye reagent

is more stable under light exposure.
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k. If it is allowable to report the detergent content of an -

aqueous sample as mg/i LAS or ag/i AAAS (i.e., azure A active surfactant),
the improved azure A method is highly recomeended to be used for detergent -

analysis in the field.

F 
.
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APPENDIX I

ANALYSIS OF ANIONIC SURFACTANT BY
CRYSTAL VIOLET METhOD

(Ref. 16)

1.1 . Reagen t

a. Sulfate buffer solution : Mach Cat . No. 452-11

b. Toluene, ACS: Mach Cat. No. 684-il

c. Detergents test powder pillows: Hach Cat . No. 1008-99

1.2. Apparatus

a. Graduated cylinder : 50 ml

b. Graduated cylinder: 500 ml

c. Pipet: 10 .l

d. Separatory funnel: 500 ml

e. Support stand : 5” X 8”

1. Support ring: 4 inch

g. Spectrophotomet~r: Mach DR/2

Spectrophotometer (either Carrying Case Model or Laboratory Model).

1.3. Analytical Procedures of Crystal Violet Method

The following procedures are outlined in conjunction with the use

of Mach DR/2 Spectrophotoseter (Ref.16).

a. Take a water sample by filling a clean 500-al graduated cylinder

to the 300-al mark. Pour the sample into a clean 500-al separatory funnel.

b. Add 10 ml of Sul fate Buffer Solution . Stopper the separatory

funnel and shake for five minutes.

c. Add the contents of one Detergents Test Powder Pillow . Stopper

the separatory funnel and shake for five minutes.

d. Add 30 ml of Toluene to the separatory funnel. Stopper the funnel

and shake vigorously for 1 minute.
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e. Allow the separatory funnel to stand undisturbed for 15

minutes. The Toluene will separate from the water and float. The

Toluene layer will be blue in color if detergents are present . After

15 minutes, remove the stopper, drain off the water and discard . See

Note A.

f. Drain the Toluene into a clean dry sample cell. Allow at

least 20 minutes but not more than 30 minutes from the addition of the

Toluene for the color to fully develop and proceed with Step g.

g. Fill a clean sample cell with 25 ml of Toluene and place it

in the cell holder. Insert the Detergents (Crystal Vilet Method) Meter

Scale in the meter and adjust the Wavelength Dial to 605 9U. Adjust

the LIGh T CONTROL for a meter reading of zero mg/i.

h. Place the prepared sample in the cell holder and read the

mg/I detergents (as LAS). See Notes B and C.

NoTES

A. Excessive agitation may cause an emulsion to form , requiring a longer

time for phase separation . For these samples , remove most of the water

layer and gently agitate the separatory funnel with a clean inert object

in the funnel such as a Teflon coated magnetic stirring bar. Drain the

water layer off , then drain the Toluene layer through a filtering thumble

containing dry absorbent cotton and into a clean , dry sample cell. Proceed

with Step g.

B. Perchlorate and periodate ions will interfere . High concentrations of

chloride , such as those levels found in seawater and brines , will cause low

results.

C. Acetone is a suitable cleaning agent for removing Toluene from glassware .
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APPENDIX II

ANALYSIS OF ANIONIC SURFACTANT BY
METhYL GREEN METhOD

(Ref. 15)

11.1 Reagent

a. Sulfate buffer solution : Hach Cat , No. 452

b. Methyl green powder pillows : Hach Cat. No. 1008

c. Toluene, reagent grade: Mach Cat. No. 684

11. 2 Apparatus

a. Separatory funnel: 500 ml

b. Clippers for opening pillows

c. Graduated cylinder: 500 ml

d. Graduated cylinder: 50 ml

e. Serological pipette: 10 ml

f. Support stand : 5” X 8”

g. Support ring: 4 inch

h. Colorimeter : Hach AC-DR (or DC-DR), Cat. No. 1104

i, Detergent Color Disc: Hach Cat. No. 2221-00

11 .3 Analytical Procedures of Methyl Green Method

The following procedures are out l ined for use with the Mach AC-DR
(or DC-DR) Colorimeter (Ref. 15).

a. Take a water sample by fil ing a 500 ml graduated cylinder to

the 300 ml mark . Pour the water sample into a clean 500 ml separatory

funnel,

b. Add 10 ml of Sulfate Buffer Solution . Stopper the separatory

funnel and shake for 5 seconds.

c. Add the contents of one Methyl Green Powder Pillow . Stopper

the separatory funnel and shake to dissolve .
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ci. Add 30 ml of Toluene to the separatory funnel and shake to

dissolve . Toluene will not mix with the water but will float . Stopper

the funnel and shake vigorously for 1 minute.

e. Allow to stand undisturbed for 15 minutes after shaking . The

Toluene will separate from the water and float . If detergents are present,

the Toluene layer will be blue in color. After 15 minutes, remove the

stopper, drain off the water and discard .

f. Drain the Toluene into a clean and dry colorimeter bottle and
allow to stand for 20 minutes.

g. Fill a colorimeter bottle with clear water and place it in the

— li ght cell. Insert the Detergents Meter Scale in the meter and use the 4015

Color Filter. Adjust the light control for a meter reading of zero ppm.

h.  Place the sample of Toluene in the light cell and read as ppm

anionic detergents.

NOTE

A suitable agent for removing Toluene from glassware is acetone.
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