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IV. INTRODUCTION 

Solvent extraction has been of some interest in the 

waste treatment field for approximately ten years. However, 

it has not as yet been developed into a practical waste 

treatment process. 

As early as 1934 Sevag (8) had developed and patented 

a process for removal of proteins from blological fluids 

with chlorinated solvents. More recently there has been 

some use of similar processes in removal of bacteria from 

fermentation media, virus purification, and protein removal 

from complex polysaccharides. Because solvents have been 

used successfully to remove bacteria and proteins from other 

fluids, it appears that solvents could possibly be used to 

remove bacteria and proteins from sewage and waste liquids. 

Hennigan and Nemerow (5) have made use of solvent ex- 

traction in a study of biochemical oxygen demand (B.0.D.) 

analysis by solvent extraction. However, they were interested 

in developing a correlation between the five-day B.0.D. and 

the organic matter extracted by the solvent. 

In Standard Methods for the Examination of Water, Sewage, 

and Industrial Waste (1) solvents are used in the analyses 

for the presence of grease in water and sewage. 

The Robert A. Taft Sanitary Engineering Center (9) has 

investigated column extraction, of either water from the con- 

taminant or the contaminant from the water, with solvents.



Carbide and Carbon Chemical Company (2) makes reference 

to the use of one of their organic chloride compounds for 

deoression of solubility in the extraction of antibiotic 

"bacitracin" from fermentation broths. 

Very few sewage and waste treatment effluents are free 

from microorganisms and proteins. This results in releases 

that require further treatment by the receiving stream and 

consequently lower streem quality. The inereasing use of 

sewage lagoons for disposal of sewage and other wastes brings 

another problem to focus in the waste treatment field. The 

problem is dispersed algae growth. Contaminated streams and 

foul smelling sewage ponds ere two of the many factors which 

indicates that present waste treatment processes are inade- 

quate. Because present treatment processes are inadequate 

and new waste problems are appearing with increasing frequency 

new processes are needed. 

There is a process now in the development stage, known 

as the "disnersed-growth aeration" process, in which the 

aerobie microorganisms do not coagulate into floc as they 

do in conventional biological treatment processes but remain 

dispersed in the waste liquids. Although this is a very 

vromising process it is not desirable to release these large 

numbers of bacteria (4). It 1s possible that a process could 

be developed either to supplement "dispersed-growth aeration" 

or to improve conventional waste treatment by superior



removal of proteins and microorganisms at a key point in 

the treatment cycle by using a solvent extraction operation. 

Previous use of solvent extraction in industrial waste 

treatment proved to be too expensive unless a valuable by- 

product could be extracted and reused (4). If a process 

is to be feasible in sewage and waste treatment it would 

have to be highly efficient and relatively inexpensive. 

Although previous solvent extraction processes have been 

too expensive and impractical for sewage and waste treatment, 

they have some qualities which indicate that a practical 

waste treatment process could be developed. Some of these 

qualities are: a) the coagulation of bacteria, b) the 

removal of proteins from biological fluids, and c) the 

extraction of fats. If an inexpensive solvent could be 

found that would produce efficient bacterial, grease, and 

protein removal by mixing and settling then a practical waste 

treatment process could possibly be developed.



V. REVIEW OF LITERATURE 

Chlorinated hydrocarbons have been used for the removal 

of greases and proteins from sewage, and solvent extraction 

has been used in industrial waste treatment for some time, 

but neither process has been used very extensively or econ- 

omically on a treatment plant seale (4). 

Sevag (8), 1934, developed and patented a process for 

the removal of proteins from biological fluids. Sevag's 

process seems to be a good process for removing proteins 

on a@ small scale, but it appears that no attempt has been 

made to apply the process to protein removal from sewage 

or other waste on a large or small secale. The process as 

briefly described in the article cited would be too expensive 

for removing protein material from sewage and waste. The 

end effect produced would not justify the cost of freezing 

and centrifuging the waste to separate the solvent and 

protein material from the liquid portion. 

Hennigan and Nemerow (5) have made use of solvent 

extraction in trying to shorten the time required to make 

B.O.D. analysis on waste material. Although they used seven 

different solvents, two of which were chlorinated, no refer- 

ence was made of bacterial coagulation with the chlorinated 

solvents. Because Hennigan and Nemerow were trying to cor- 

relate the organic material removed by extraction to the



five-day B.O.D. of the waste, their methods were small 

scale and not adaptable to a treatment plant scale. 

Rudolfs (7) reported that plant experiences indicated 

that small batches of spent solvents caused fluctuations 

in gas production and repeated discharges retarded greatly 

or may inhibit the sludge digestion process. He also stated 

that some solvents in concentrations of ten parts per mil- 

Lion retarded gas production as much as fifty per cent in 

the sludge digestion process. 

Carbide and Carbon Chemical Company (2) cited the use 

of one of their organic chloride compounds as a solubility 

depressant in the extraction of antibiotic "bacitracin" 

from fermentation broths. 

Standard Methods for the Examination of Water ,Sewage, 

and Industrial Waste (1) makes use of solvents for the ana- 

lysis of greases in water, sewage, and waste; but the methods 

used are analytical and wouldn't be economical on a treatment 

plant scale. 

The Robert A. Taft Sanitary Engineering Center (9) 

reports on the use of solvents in column extraction. The 

contaminant is either extracted from the water or the water 

from the comtaminant. The investigators think that the 

solvents produce a greater contaminatisn problem than the 

contaminants being removed, but they admit that solvent
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extraction has a possibility of developing into a useable 

process if a solvent can be found that produces good ex- 

traction without contamination. No reference was made to 

studies of solvent extraction on sewage or waste in the Taft 

Center investigation. 

Davison, Smith, and Hood (3) consider temperature to be an 

important variable in desalination by solvent extraction. 

Studies were made with selective solvents and temperature 

was considered very important.



VI. OBJECT OF INVESTIGATION 

The object of this investigation was to evaluate chlor- 

inated solvent processes for the removal of microorganisms, 

proteins, and other substances from sewage and other wastes.
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VII. METHODS AND MATERIALS 

Reagents* 

Ammonium Chloride, (NH,C1), (General), Used to make up 

phosphate buffer solution for B.0.D. dilution water. 

Ammonium Oxalate, (NH,NH, C0) *H0), (General). Used 

in making gram stains. 

Asbestos, (fiber materia), (Baker). Used for filter 

mats in gooch crucibles. 

1l-Butanol, (CHCH,CH,CH30H), (Certified), (Fisher), 

Used in a solvent mixture. 

Calcium Chloride, (Anhydrous), (CaC15°2H50), (Baker). 

Used in making up calcium chloride solution for B.0O.D. dilu- 

tion water. 

Calcium Hydroxide, (Ca(OH),), (Baker). Used in varying 

oH. 

Carbon Tetrachloride, (CCly), (Certified), (Fisher). 

Used as a solvent. 

Chlorobenzene (Mono), (CgH.C1), (Certified), (Fisher). 

Used as a solvent. 

Chloroform, (CHC1.), (Certified), (Fisher). Used as a 

solvent. 

Crystal Violet, (National). Dye used in gram stains. 

  

*Chemicals were C.P. grade unless otherwise noted.
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Dichlorisopropyl Ether, (Union Carbide). Used as a 

solvent, 

Ethylene Dichloride, (CHoCl)5, (General). Used as a 

solvent. 

Ferric Chloride, (FeC13°6H,0), (General). Used in 

ferric chloride solution for B.0O.D. dilution water. 

Ferrous Ammonium Sulfate, (Fe(S0y)o(NHy)o°6H50), 

(Baker). Used as titration agent in C.0.D. analysis. 

Immersion O11, (Fisher). Used inmaking microscopic 

examinations of gram stains. 

Iodine, (Crystals), (Ip), (General). Used in making 

  

gram stains. 

Iron Sulfate, (FeS0,°7H50), (General). Used in making 

ferrion indicator solution for C.0.D. analysis. 

Magnesium Sulfate, (MgSO,*7H50), (Baker). Used in mag- 

nesium sulfate solution for B.0.D. dilution water, 

Manganous Sulfate, (MnSOy*7H20), (Baker). Used in man- 

ganous sulfate solution for B.0O.D. dilution water. | 

Nutrient Agar, (Difco). Used as medium for plate counts. 

Q-Phenanthroline, (Monohydrate), (Fisher). Used in mak- 

ing ferrion indicator solution for C.0.D. analysis. 

Potassium bio-iodate, (KH(I03)o), (Smith). Used as a 

standardization agent for thiosulfate. 

Potassium Dichromate, (KjCr,07), (Baker). Used as a 

standardization agent in the C.0.D. analysis.
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Potassium Dihydrogen Phosphate, (KHP0,), (Baker). 

Used in buffer solution for dilution water for both plate 

count blanks and B.0O.D. dilution water. 

Potassium Iodide, (KI), (General). Used in alkalide 

jodide reagent for B.0.D. analysis. 

Potassium Phosphate, Secondary, (KpHPO,), (Fisher). 

Used in phosphate buffer solution for dilution water in B.0.D. 

analysis. 

Proprietary Solvent, Cat. No, A 407, (Fisher). Used in 

making up dyes and also for 95 per cent alcohol solution for 

gram stains. 

Safranin, (dye) (National). Used in making gram stains. 

Silver Sulfate, (Crystals), (AgoS0,), (Baker). Used as 

a catalyst in ©.0.D. analysis. 

Sodium Hydroxide, (NaOH), (Certified), (Fisher). Used 

in making alkalide lodide reagent for B.0.D. analysis. 

Sodium Phosphate (dibasic heptahydrate), (NjHPOy*7H20), 

(Baker). Used in phosphate buffer solution for B.O.D. dilu- 

tion water. 

Sodium Thiosulfate, (N2S503°5H0), (General). Used as 

titration agent in B.0.D. analysis. 

Starch, (Potato Powder), (General). Used as an indicator 

in B.0O.D. analysis. 

Sulfuric Acid, (Concentrated), (HoS0y), (Fisher). Used 

in B.O.D., €.0.D. analysis and to adjust pH of samples.



Trichloroethane, (Technical), (Fisher). Used as a sol- 

vent. 

Apparatus and Materials 

Analytical Balance, (Satorius). Used to determine 

weights in suspended solids, residue, and settleable solids 

analysis. 

Autoclave, (W111). Used to sterilize media for plate 

counts, 

Beam Balance, (Ohaus), (Will). Used to determine weights 

of reagents put into mixtures. 

Bibulous Paper, (Fisher). Used in making gram stains. 

Darkfield Quebec Colony Counter, (American). Used in 

making colony counts of organisms plated on nutrient agar, 

Desiccator, (Fisher). Used for cooling sample when 

removed from oven or furnace. 

Hot Air Oven, (Despatch). Used to sterilize glassware 

for bactertological investigation. 

Incubator, (20°C), (Precision). Used to incubate B.O.D. 

samples. 

Ineubator, (35°C), (Will). Used to incubate agar plates 

in bacteriological investigation. 

Incubation bottles, (300 ml.), (Fisher). Used for dilu- 

tion and incubation of samples in B.O.D. analysis.



l-Liter graduates and l-Liter bottle. Used as mixing 
and settling chambers. 

Microscope, (No. LM3741), (Bausch). Used to examine 

gram stains. 

Oven, (103°C), (Precision). Used to dry samples to con- 

stant weight in suspended solids, and residue determinations. 

p.H. Meter, (glass electrode, Model N), (Beckman). Used 

to measure pH of samples. 

Pittsburgh Non=Corrosive Microscopic Slides, (Fisher). 

Used in making gram stains. 

Reflux Apparatus, six unit (Vari Heat) electric hot plate 

with manifold of six condensors attached. (Precision). Used 

to reflux C.0.D. samples. 

Slide Box, (Adams). Used for filing gram stain slides. 

Steam Bath Evaporator (eight unit), (Fisher). Used for 

evaporating samples in residue determinations. 

Stereoscope (No. WP 7854), (Bausch). Used in examining 

colonies on agar plates. 

Temco Electric Furnace, (Fisher). Used for ashing samples 

in suspended solids and residue analyses. 

Torsion Balance, (Torsion). Used to weigh part of the 

reagents used. 

Vacuum Pump, (Will). Used to filter suspended solids 

samples.



Key to Suppliers and Manufacturers of 

Reagents, Materials, and Apparatus 

(Adams). Clay Adams Company, Inc. 

(American). American Optical Company; Scientific In- 

strument Division, Buffalo, New York. 

(Baker). J. T. Baker Chemical Company; Phillipsburg, 

New Jersey. 

(Bausch). Bausch & Lamb Optical Company; Rochester, 

New York, 

(Beckman). Beckman Instruments, Ine.; South Pasadena, 

California. 

(Despatch). Despatch Oven Company; Minneapolis, Min- 

nesota. 

(Difco). Difeo Laboratories, Inc.; Detroit, Michigan. 

(Fisher). Fisher Seientific Company; Pittsburgh; New 

York; St. Louis; Washington; Montreal; Toronto. 

(General). General Chemical Division, Allide Chemical 

and Dye Corp.; New York, New York. 

(National). National Analine and Chemical Company, Inc.; 

New York, New York. 

(Precision). Precision Scientific Company; Chicago, 

Illinois. 

(Sartorius). Sartorius-Werke; Made in Germany.
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(Smith). G. Fredrick Smith Chemical Company; Columbus, 

Ohio. 

(Torsion). The Torsion Balance Company; Clifton, New 

Jersey. 

(Union Carbide). Union Carbide Chemical Company; Division 

of Union Carbide Corp.; New York 17, New York. 

(Wi11L). W111 Corporation; Rochester, New York. 

Analytical Methods 

Primary Investigation: Samples of flow from different 

points in the sewage treatment plant were mixed in a graduate 

with a definite volume of a chlorinated solvent. The volume 

of solvent mixed with the samples was five per cent of the 

volume of the sample. Mixing was obtained by making thirty 

inversions of the graduate containing the sample and the 

solvent. After mixing the mixture was settled in the grade 

uate under quiescent conditions for a specified length of 

time. A blank consisting of the specific waste sample being 

analysed with no solvent added was processed along with the 

waste sample containing the solvent. After settling the super- 

natant was siphoned off with a rubber tube. Care was exere= 

cised in siphoning off the supernatant so that a major pore 

tion of the liquid was removed without disturbing the settled 

residue. The residue including scum, sludge, a major volume



of the solvent, and a small volume of supernatant was 

transferred to an ignited and tarred evaporation dish and 

evaporated to dryness. Evaporation was performed on a steam 

bath evaporator under a ventilation hood. After evaporation 

of the liquid the evaporation dish was transferred to a 

103°C oven and dried to constant weight. Following drying 

the dish and residue were cooled in a desiccator and weighed. 

The residue in the evaporation dish was then ashed in a 

600°C furnace, caoled, and reweighed to determine the ash 

content. When transferring the residue from the settling 

chamber to the evaporation dish, approximately the same 

volume of material was transferred each time. This was to 

compensate for the solids in the supernatant transferred to 

the evaporation dish with the residue. 

In determination of suspended solids, total solids, 

chemical oxygen demand (Dichromate Reflux Method), (C.0.D.) 

biochemical oxygen demand (B.0.D.) and the standard plate 

count analyses; the procedures followed were the procedures 

specified by Standard Methods for the Examination of Water, 

Sewage,and Industrial Waste (1) for sewage; with the modifi-~- 

cations as stated below. 

lL. In the €.0.D. analysis the samples that were mixed 

with a solvent were boiled until approximately one-half of 

original volume had evaporated,to remove dissolved solvent,
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and rediluted to original volume with distilled water. 

2. In the B.O.D. analysis the samples that were mixed 

with a solvent were boiled until approximately one-half of 

original volume had evaporated, to remove the dissolved sole 

vent, and rediluted to original volume with distilled water. 

When the dilutions were made with the bollededown samples 

one milliliter of settled primary sewage was added to each 

dilution bottle for reseed. Three-hundred milliliter B.0.D. 

incubation bottles were used for diluting and incubating the 

B.O.D. samples. The dilution water used was seeded with 

three milliliters of settled primary sewage per liter of 

dilution water. Dissolved oxygen determinations were made 

using the Aesterberg (Azide) Modification of the Winkler 

Method. 

3. In the standard plate count analysis nutrient agar 

was used as the growth medium. 

Screening Investigation. In this investigation different 

solvents were added to different waste samples containing 

suspended solids. The waste sample and solvent were mixed 

and allowed to settle for 1.5 hours. Three settling chambers 

were set up for each waste and solvent. One chamber con- 

tained the solvent and the waste sample. Another chamber 

contained waste sample, solvent, and 200 mg/l. of lime. 

The third chamber contained waste sample, solvent, and 200
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mg/l. of sulfuric acid. Three blank settling chambers 

were set up for each different waste sample analysed. One 

blank chamber consisted of the waste sample, another cone 

sisted of the waste sample and 200 mg/l. of lime and the 

third consisted of the waste sample and 200 mg/l. of sul- 

furic acid. Mixing was accomplished with thirty inversions 

of the mixing and settling chambers. One liter bottles were 

used as mixing and settling chambers instead of one-liter 

graduates. Residue determinations were performed according 

to the procedure described in the primary investigation 

section. 

General Experimental Procedure. In making this thesis 

investigation the procedures used in performing the extrace 

tions were limited to operations that could be reasonably 

performed on a treatment plant scale. 

The general experimental procedure used in the primary 

investigation was: 

1. Obtain sample. 

2, Add solvent and mix. 

3. Allow mixture to settle. 

4. Siphon off supernatant. 

5. Evaporate, dry, and weigh residue. 

6. Determine ash content and calculate volatile matter 

in residue.
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Make suspended solids, total solids, C.0.D., 

B.0O.D., standard plate count, and gram stain analysis on 

some samples. 

The general experimental procedure used in the screen- 

ing investigation was: 

1. Obtain sample; check pH and temperature. 

Dose with 200 mg/l. of lime or sulfuric acid. 

Add solvent and mix. 

Allow mixture to settle. 

Siphon off supernatant. 

Evaporate, dry and weigh residue. 

Determine ash content and calculate the volatile 

matter in the residue. 

8. Check pH of supernatant.



-23- 

VIII. RESULTS (PRIMARY INVESTIGATION) 

The purpose of this investigation was to obtain a mass 

of physical and chemical data that would help to evaluate 

a chlorinated solvent process for the removal of suspend 

matter in different wastes. 

Applicability to Raw Sewage 

Raw sewage was investigated because it is a common type 

of waste containing suspended solids and bacteria. 

The modifications made in the general procedure described 

under Analytical Methods were as follows: 

1. The solvent used was ethylene dichloride. 

2. The volume of sample used was 500 milliliters. 

3. The settling time used was seven hours. 

The results from the raw sewage investigation are pre- 

sented in Table 1. The raw sewage results indicated that 

more residue settled from raw sewage without the addition 

of ethylene dichloride than with the addition of ethylene 

dichloride. Since the results indicated little promise for 

the process, experimentation with this waste was discontinued. 

Applicability to Settled Sewage 

Settled sewage was investigated because it contains fewer 

solids than raw sewage. Because the settled sewage contained



Table 1: Results of physical and chemical investigation 

-P\- 

of solvent extraction as a waste treatment process. 

  

  

    

    

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

    

  

                          

T E S T 

Type Ser- | Description of Suspended Solids(mg/1.) Residue Settled Out(mg/l) } €.0.D. | 5-day-20°0C Total Solids (mg/L) 
Waste ies Sample Total, | Vola. Ash Total Vola. Ash (mg/L) | B.O.D.(mg/1.)[ Total] Vola. Ash Comments 

Raw Sewage | A Blank —i - - 181 140 yy - - - - ~ Samples were settled for 7 
Sample +5% Etnhy- hours. 
lene Dichloride - - - 64 42 22 - - - - - 

A Blank 150 - - - - - O41 128 - - - Samples were settled for 3 
Sample+5% CHC12 12 - - 106 - - 15259 137a - - - hours. 

Distilled H20 - 

5% CHC13 ‘ - - - 3 3 O 930° - - - - 

Settled B Blank 43 - - = - = 321 - - - - Serial extracted. Three ex- 
Sample+5% CHC13 0 - - 38 - - 10004 = = - - tractions, 1 hour each. 

Sewage Tt Cc Blank 75f 7ef 3 63 39 24 264 171 473 232 241 Samples were settled for 3 

Blank boiled (h) - - - - - - 260¢ 115¢ - -. ~ hours... 
ample+5% CHCL3 Tor or If 7h 5u 20 18en 129h 437 237.1. 200 : | | ; 

D 1-Blank | Po, 90... 45 As . - - - - ~. | AL 166:.| 248; -Samples were settled for 1 - 
Sample +5% CHC13 15¢ 15¢ oc 4S 37 Ll - ~ 377 137 240 hour. 

E Blank 92 84 8 42 22 20 202 _964 = - - Samples were settled for 4 
Sample +5% CHC13 31 30 1 83 57 26 153n 4se,h - - - hours. 

: A Blank 11¢ 11¢ oc - - - - - 334 96 238 | Samples were settled for 1 

Tetek ine Sample+5% CHC13 3 3 0 25 16 9 13754 - 302 82 920 hour. 

Filter Ef- B Blank 18f 17t if - = - 128¢ 15 = - ~ Samples were settled for 3 
fluent Sample+5% CHC12 oc oc o¢ 4} 25 16 - - 324 131 193} hours. | 

C Blank 10 g 1 - - - 82 26€ ~ ~ = Samples were settled for 4 
Sample +5% CHCl3 - - - - - = 730 9e,h - - - hours. 

Trickling A | Blank oe - - - 42 20 22. - - - - - | Samples were settled for 7 
Filter Ef- Sample+5% Ethy- . hours. 
fluent lene Dichloride - - - 35 19 16 - - - - - 

Sewage A Blank 18 - - 37 21 16 - - - - - Samples were settled for 7 
Lagoon Sample+5% Ethy- hours. 
Effluent lene Dichloride 20 - - 30 17 13 - - - - ~ 

a) Sample was brought to a boil in an attempt to remove CHC1l3. f} Average of three valves. 
b) No attempt was made to remove CHC13 from sample. zy Average of four valves. 
c) Average of two valves. h) Sample boiled down to 1/2 original volume to remove dissolved CHC13 and 
d) Average of 

e) Average of 

  
six valves. 

seven valves. 

      
1) 

  
rediluted to original volume. 
non No 

analyses made. 
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fewer solids than the raw sewage, better results were expected 

from the solvent extraction process with this waste than was 

obtained with the process on raw sewage. 

The modifications made in the general procedure described 

under Analytical Methods were as follows: 

Series A; 

1. The solvent used was chloroform. 

2. The volume of sample used was one liter. 

3, The settling time employed was three hours. 

4, When making C.0.D. analyses no attempt was made to 

remove dissolved chloroform from C.0.D. samples that had been 

solvent extracted. 

5. The B.O.D. samples containing dissolved chloroform 

were only brought to a brief boil in an attempt to remove 

the chloroform. 

6. A check sample consisting of one liter of distilled 

water and fifty milliliters of chloroform was analysed. 

Series B: 

1. The solvent used was chloroform. 

2. The volume of sample used was one liter. 

3. The samples were serial extracted using three 

extractions. The procedure for the serial extraction was as 

follows. One per cent of chloroform was mixed with one liter 

of settled sewage and allowed to settle for one hour. The
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supernatant from the first extraction was transferred to 

another graduate, mixed with two per cent of chloroform, and 

allowed to settle for another hour. The supernatant from the 

second extraction was transferred to a third graduate, mixed 

with two per cent of chloroform, and allowed to settle for 

an hour. The residues from the three extractions were com~ 

bined. 

4. When making the C.0.D. analyses no attempt was made 

to remove the dissolved chloroform from the samples that had 

been solvent extracted. 

Series C: 

1. The solvent used was chloroform. 

2. The volume of sample used was one liter. 

3. The settling time used was three hours. 

4, Samples of settled sewage were boiled until approxi- 

mately one-half the original volume had evaporated and then 

rediluted to original volume with distilled water. 

Series D: 

1. The solvent used was chloroform. 

2. The sample volume used was one liter. 

3. The settling time used was one hour. 

series E: 

1. The solvent used was chloroform. 

2. The volume of sample used was one liter.
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3. The settling time used was four hours. 

The results from the settled sewage investigation are 

presented in Table 1, page 24. The results indicated that 

chloroform extraction in conjunction with settling produced 

an average suspended solids removal of eighty-four per cent. 

Seventy-three per cent of the suspended solids removed were 

volatile. The average residue that settled out with the 

chloroform was 70 mg/l. as compared to 53 mg/l. for the 

sample settled without chloroform. The total solids of a 

sample settled with chloroform was 36 mg/l. less than the 

total solids of a sample settled without chloroform, The 

average C.0.D. of two samples settled without chloroform was 

233 mg/l. as compared to 167 mg/l. for a sample settled with 

chloroform, The results also showed that dissolved chloroform 

in the C.0O.D. samples greatly increased the C.0.D. of the 

sample. The C.0.D. of a sample of supernatant taken from 

a settled mixture of distilled water and five per cent of 

chloroform was 930 mg/l. The dissolved chloroform in the 

B.O.D. samples caused variable results if it was incompletely 

removed before making the B.O.D. analyses. All of the dis- 

solved chloroform apparently was not removed by just bringing 

the sample to a brief boil because such samples had very high 

C.0.D.'s. A major portion of the dissolved chloroform appeared 

to be removed from the samples by boiling away one-half of
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the original volume of the sample. Evaporation of the 

sample had no material effect on the magnitude of the C.0.D. 

or B.O.D. as compared to unevaporated samples. 

The results from the settled sewage investigation indi- 

cated that chloroform was not too effective for extracting 

material from the settled sewage. Although the suspended 

solids removal appeared to be relatively good the C.0.D., 

B.O.D., and total solids results failed to verify the sus- 

pended solids removal. 

Applicability to Settled Trickling 

Filter Effluent 

settled trickling filter effluent was investigated 

because it 1s a common waste and has very little suspended 

matter in it. 

The modifications made in the general procedure deseribed 

under Analytical Methods were as follows. 

series A: 

1. The solvent used was chloroform. 

2. The samples volume used was one liter. 

3. The settling time used was one hour, 

4. When making the C.0.D. analyses no attempt was made 

to remove the dissolved chloroform from the C.0.D. sample that 

was chloroform extracted.
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series B: 

1. The solvent used was chloroform. 

2. The volume of sample used was one liter. 

3. The settling time used was three hours. 

Series C: 

1. The solvent used was chloroform. 

2. The volume of sample used was one liter. 

3. The settling time used was four hours. 

The results from the investigation on settled trickling 

filter effluent are presented in Table 1, page 24. The re- 

sults indicated that chloroform extraction in conjunction 

with settling produced an average suspended solids reduction 

of eighty-five per cent, and that approximately ninety-two 

per cent of the reduced suspended solids were volatile. The 

average amount of residue that settled out with the chloro- 

form was approximately three times the average suspended 

solids removed. The chloroform extraction in conjunction 

with settling resulted In an average C.0.D. reduction of 

thirty per cent and an average B.O.D. reduction 1f fifty-five 

per cent. The average total solids reduction effected by 

extraction and settling was approximately equal to the average 

amount of suspended solids removed by the sane process. 

The settled trickling filter effluent investigation 

results indicated that the chloroform extraction and settling
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processes were about as effective in removing material from 

settled trickling filter effluent as it was in removing 

material from settled sewage. Again the C.0.D. and B.0O.D. 

reductions produced by the processes did not verify the good 

suspended solids reductions realized with the same processes. 

However, the residue and total solids results indicated that 

the solids concentration of the settled trickling filter 

effluent had been reduced by an amount equal or greater than 

the amount of suspend solids that appeared to be removed from 

the effluent. 

Applicability to Trickling 

Filter Effluent 

Trickling filter effluent was investigated because it 

is acommon waste and has suspended matter composed of bio- 

logical cell substance that should be easily extractable with 

a solvent extraction process. 

The modifications made in the general procedure described 

under Analytical Methods were as follows. 

1. The solvent used was ethylene dichloride. 

2. The sample volume used was 500 milliliters. 

3. The settling time used was seven hours. 

The results from the trickling filter effluent investi- 

gation are presented in Table 1, page 24. The trickling



filter results indicated that ethylene dichloride did not 

improve the settleability of suspended matter in the trick- 

ling filter effluent. Since the results indicated little 

promise for the process, experimentation with this waste 

was discontinued. 

Applicability to Sewage Lagoon Effluent 

Sewage lagoon effluent was investigated to determine 

if the chlorinated solvent extraction process would remove 

the dispersed algae in the lagoon effluent. 

The modifications made in the general procedures described 

under Analytical Methods were as follows. 

l. The solvent used was ethylene dichloride. 

2. The sample volume used was 500 milliliters. 

3. The settling time used was seven hours. 

The results from the sewage lagoon effluent investiga- 

tion are presented in Table 1, page 24. The suspended solids 

and residue results from the sewage lagoon effluent investi- 

gation showed that ethylene dichloride did not extract the 

dispersed algae growth in the lagoon effluent. Since the 

results indicated little promise for the process, experimenta- 

tion with this waste was discontinued,
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Temperature Effect on Amount of Residue Produced by 

Extraction of Settled Sewage with a 

Chlorinated Solvent 

The purpose of this investigation was to determine if 

variations in the temperature of the sample would produce 

a noticeable change in the amount of residue that was set- 

tled out with the chlorinated solvent extraction process. 

Previous investigations in this study indicated that 

the chlorinated solvent extraction processes were of limited 

effectiveness in removing suspended material from settled 

sewage. Since temperature is known to effect extraction 

efficiency, the effect of sample temperature on the extraction 

process efficiency was investigated. 

The modifications made in the general procedure described 

under Analytical Methods were as follows. 

. The sample volume used was 100 milliliters. 

. The solvent used was chloroform. 

WwW 
Pp 

- The settling time used was fifty-two hours. 

4. The different temperatures that samples and blanks 

were settled at were; (a) 8° C, (b) 20° c, and (c) 35° c. 

The results of the investigation of temperature effect 

on the solvent extraction process are presented in Table 2. 

The results showed that much more material was extracted
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from settled sewage with chloroform when the temperature of 

the sample was 20° C than was extracted when the temperature 

of the sample was 8° C or 35° Cc. 

The results were not too conclusive because the sample 

volume analysed was insufficient to produce completely 

reliable results, However, the temperature range of all 

the waste samples used in the entire investigation was from 

22° C to 27° C, so temperature was not considered to be the 

reason for poor extraction efficiencies of the solvent pro- 

cesses, 

Effect of pH on the Amount of Residue Produced by 

  

Extraction of Settled Sewage 

with a Chlorinated Solvent 

The level of pH is known to affect the efficiency of 

extraction processes, A series of experiments were made to 

evaluate the effect of pH on the performance of the chlorinated 

solvent process. 

The modifications made in the general procedure described 

under Analytical Methods were as follows. 

1. The waste used was settled sewage. 

2. The solvent used was chloroform. 

3 « The sample volume used was 500 milliliters. 

4h, The volume of the two blanks was one liter rather 

than 500 milliliters.
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5. The settling time used was fifteen hours with the 

exception that the blank at pH 12.0 was settled for twenty- 

four hours, 

6. The pH range investigated was from 2.0 to 12,0, 

7. Sulfurie Acid and sodium hydroxide were used to 

adjust the pH of the samples. 

The results from the pH investigation are presented in 

fable 3. The results indicated that approximately 300 mg/l. 

more solids were extracted by the chloroform in the sample 

With pH at 12.0 than were settled from the blank at the same 

pH, with no chloroform added. 

The results from the pH investigation showed that sam- 

ples that were very alkaline were extracted much more effect- 

ively with the chloroform extraction process than samples 

that were neutral or acid. Although good extraction was 

produced at a pH of 12.0, the alkaline condition was not 

desirable to have in a waste treatment process, so no further 

investigations were made at high pH conditions. 

solvent Extraction Effect on Microorganisms 

in Sewage 

The poor extraction efficiencies produced by the chlor- 

inated solvent extraction process in previous investigations 

of this study indicated that the solvent was not extracting
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all of the microorganisms from the waste liquids. There- 

fore, several bacteriological analyses were made to deter- 

mine the extent of removal of bacteria. 

The modifications made in the general procedure described 

under Analytical Methods for making the bacteriological in- 

vestigation were as follows. 

Standard Plate Count: 

1. Settled sewage was plated on nutrient agar growth 

medium using the following dilutions; (1) 1:105, (2) 1:10%, 

(3) 1:10°. 

2. Settled sewage that had been solvent extracted was 

plated on nutrient agar medium using the following dilutions; 

(1) 1:20, (2) 1:10, (3) 1:109. 

3. Settled trickling filter effluent was plated on 

nutrient agar medium using the following dilutions; (1) 1:10, 

(2) 1:10", (3) 12103, 

4, The plated samples were incubated for twenty-four 

hours at 35° C. 

Gram Stains: 

1. Slide smears were made of the following waste sam- 

ples: 

a. Supernatant and sludge of settled raw sewage. 

b. Supernatant and sludge of extracted and set- 

tled raw sewage.
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Supernatant and sludge of resettled, settled 

sewage. 

Supernatant and sludge of extracted and reset- 

tiled, settled sewage. 

slide smears were stained according to the fol- 

lowing procedure (6). 

a. 

f. 

Ze 

Erystal violet was applied to fixed smear for 

one minute. 

Then fixed smear was washed with tap water. 

Following washing iodine solution was applied 

to smear for one minute. 

Fixed smear was again washed with tap water, 

then blotted dry. 

Following second washing the smear was discol- 

orized for 30 seconds in a 95 per cent solution 

of ethanol. 

After discolorizing smear was blotted dry. 

The final steps were countertaining for ten 

seconds with safarin, washing in tap water and 

blotting dry. 

Interpretation: Gram-positive bacteria stained 

dark blue. Gram-negative bacteria stained red. 

3. Stains were observed under an oil immersion objective 

of a microscope.
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The results from the bacteriological investigation 

are presented in Table 4. The results showed that all of 

the microorganisms were not extracted with chlorinated sol- 

vent process but a substantial removal was indicated.
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Table 4: Effect of solvent on microorganisms in sewage. 

T E S T 
Type Description Plate Counts Gram Stains 
Waste of Sample Dilution Colonies Organisms Description of organisms (size, 

factor Counted per Milli- shape, stain) 
liter 

- = - Small spheres, in pairs, gram - 
- negative. 

Raw Sewage Supernatant Large spheres, in pairs, gram - 
~ - - negative. 
_ _ _ Rods, large and small, in chains 

and separate, gram - positive. 
Small spheres in pairs, .and sep- 
arate, gram - negative. 
Small rods in chains, gram- nega- 

Sludge - - ~ tive. 
Large single spheres, gram - posi- 
tive. . 
Large rods in chains, gram - posi- 
tive. 

Raw Sewage - - = Same as raw sewage except fewer 
(Settled Supernatant - - - organisms present. 
with a Sol- ~ = = Same as raw sewage except more 

vent) Sludge = - = organisms present. 

Large rods in chains, gram - posi- 
1/103 660 660, 000 tive . 

settled wy nl Large rods in pairs, gram - posi- 

Supernatant 1710 1080 10, 000, 000 tive. 
Sewage 5 Small spheres, in pairs and chains, 

1f10 2700 270,000, 000 gram - negative, 
Large and small spheres in pairs 

Sludge - - - and chains, gram - positive. 
Small spheres and rods in chains 

| and separate, gram - negative. 
| 1/10 ay 340 - Same as settled sewage except fews 

settled Supernatant a er organisms present. Sewage p 1/108 1800 180,000 | : 
(Settled 1/10 240 e240, 000 

with a Sludge _ _ . Same as settled sewage except more 
solvent) organisms present. 

Settled 1/10 13,500 135, 000 
Trickling Supernatant — 1/02 — 4220 422,000 7 7 * 

fluent oe i 
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IX. RESULTS (SCREENING INVESTIGATION) 

Comparison of Different Solvents on 

Different Wastes 

The purpose of this solvent screening investigation was 

to determine if one particular chlorinated solvent produced 

better extraction than others. The purpose for investigating 

different wastes was to determine if the chlorinated solvent 

process produced better extraction on some wastes than on 

others, 

The results from the solvent screening investigation are 

presented in Table 5. The results showed that the solvent 

mixture of 80 per cent chloroform and 20 per cent butanol in 

conjunction with 200 mg/l. of lime produced on an average 

better extraction than the other solvents investigated. 

Trichloroethane appeared to produce fairly good extraction 

of the waste samples settled with it. Dichlorisopropyl 

ether accomplished reasonably good extraction of settled 

sewage. The results also showed that solvent extraction was 

not effective on effluent from the aeration tank of an acti- 

vated sludge treatment plant. The Lime dosage of 200 mg/l. 

increased the residue that settled from the waste samples 

without the aid of a solvent. Two-hundred mg/l. of lime was 

effective in increasing the amount of residue extracted from



lo. 

Table 5: Comparison of different solvents for treatment 

of various wastes by extraction. 

  

  

    

    

  

    

    
  

    
  

    
              

S OO LV EN fT. 
Description of . . , Blanks 

Sampl Ethylene Carbon Tetra- {80-20% Mixture |iChlorobenzene Trichloro- Dichlorisopro- || Samples with 
ample Dichloride chloride Chlorof opm= : (mono) ethane pyl no sorvents 

Residue Settled out in 1.5 hours Settling (m/f...) 
Tot.|Vola.}Ash.|/ Tot.|Vola.| Ash{ Tot. [Vola.} Ash/i| Tot. Vola] Ash] Tot.|/Vola.| Ash { Tot. Vola. Ash Tot.{Vola.j Ash 

Raw Sewage 163| 131 | 32 |} 155] 107] 48) 163] 141 | 221] 200] 164] 36] - - | - - - | - 141{ 85 | 56 
Raw Sewage+200 mg/1.Ca(OH)>o 3221 149 1173 343} 165 {178 506} 313 1193}/] 3951179] 216] - - - - - - 354 { 147 | 207 
Raw Sewage+200 mg/l .HoSOy 150] 128 | 22 234; 185 ; 46H 1e9g]/ 108} 21]/ 180] 150} 30 - - - | - - - 195} 93] 102 

Settled Sewage 56] 36 | 20 58; 42] 16 811 57] 24 58i 4rl ivi - - - 115] 33 { 82 53) 35] 18 

Settled Sewage+200 mg/l. 
Ca(OH)o : 228] 62 | 166 285; 69]216 270] 104 1166]/ 266} 63) 203] - - - 387] 76 {311 252} 631 189 

Settled Sewage+200 mg/l. 
HoSOy 81] 54] 26 79| 56] 23 84} 60; 24 67; 51 16 - ~ - 69} 27 |] 42 58 35 | 23 

Trickling Filter Effluent 19} 11 8 31{ 137 18 22 9} 13 25; ll} 14ye - - - - - ~ 26; llt 15 
T. F. Effluent+200 mg/l. 
Ca(OH)»5 170) 134157 234; 4111937 391) 51] 340]] 276} 46] 230] - ~ - - - - 216; 27] 189 

T. F. Effluent+200 mg/l. 
HoSOy 18 7} 11 4 38) 17] 21 36; 18] 18 43] 19] 24 - - - - - - 36; 18; 18 

Settled Trickling Filter Eff. WH} =©23) 21 ey; 619 5 35; 19] 16 ~ - - 52 28 | 24 - ~ - 41} 23] 18 

S.T.F. Eff.+4200 mg/l. Ca(OH)o 159} 32 | 127 2911 9911921 303] 1401] 163 - - - || 276 | 124 | 152 - - - 195| 5O] 145 
S.T.F. Eff.+200 mg/l. HoSOy 38} 214 17 35} 18] 17 36; 15] 21 - - ~ | 52 22} 30 - - - HH} =20} 24 

Activated Sludge (MLSS) 2952}1989 | 963 | 2601) 1887 | 714] 2559/1846 | 713 - - - 2883 | 2254 | 629 - - - 264811525 | 763 

MLSS + 200 mg/l. Ca(OH)o 2402}1591 | 811 27251 1667 1058! 2832/1818 |1014 - - - 2875 | 2056 | 819 - - - 2570/1727} 843 

MLSS + 200 mg/l. HoSOy 1849} 1280 | 569 }} 2329; 1805 | 524) 226811774 | 494 - - - (2580 | 2048 |} 532 - - - 265111817) 834 

Sewage Lagoon Effluent 34; 16] 18 38} 19] 19 35] 164 19 - - ~ 48 26 | 22 - - - 35; 16] 19 
S.L. Eff. + 200 mg/l. Ca(OH)o 201| 36 | 165 210} 61{149) 236] 52] 184 - - - | 419 | 104 | 315 - - - 213; 471 166 
S.L. Eff. + 200 mg/l. HoSOy 56} 28 | 28 46; 18) 28 46, 19 eT - - | I 54 24 | 30 ~ - - AM) L7] 25 

|                                         
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some of the waste samples. The acid dosage of 200 mg/l. 

did not appear to increase the amount of residue settled from 

the waste sample except in minute quantities for several sam- 

ples. 

The results showed that the chlorinated solvent ex- 

traction process was more effective on wastes that contained 

low concentrations of suspended solids than it was on wastes 

that contained high concentrations of suspended solids. The 

results also showed that mixing butanol with a chlorinated 

solvent appeared to improve the solvents extraction efficiency. 

The relatively good extraction results of trichloroethane and 

dichlorisopropyl ether tend to indicate that chlorinated sol- 

vents with low vapor pressures produce better solids removal 

from waste liquids than chlorinated solvents with high vapor 

pressures. 

Effect of Per Cent Butano] in Trichloroethane- 

Butane Mixture, on Extraction Performance 

The results from the screening investigation indicated 

that a mixture consisting of a chlorinated solvent and 

butanol would produce better extraction than the solvent 

would alone. An investigation was made to determine the 

amount of butanol mixed with the solvent that would effect 

optimum extraction efficiency.



hh 

The modifications made in the general procedure described 

under Analytical Methods were as follows. 

1. The waste used was settled sewage dosed with 200 

mg/l. of lime. 

2. The solvents used were the following mixtures (by 

weight) of trichloroethane and butanol, (1) 95 per cent tri- 

chloroethane, five per cent butanol, (2) 90 per cent tri- 

chloroethane, 10 per cent butanol, (3) 80 per cent trichlor- 

oethane, 20 per cent butanol, (4) 70 per cent trichloroethane, 

30 per cent butanol. 

3. Settling time was two hours. 

4k, Volume of sample used was one liter. 

The results from the trichloroethane-butanol mixture 

investigation are presented in Table 6. These results in- 

dicated that increasing the amount of butanol in the tri- 

chloroethane-butanol mixture increased the solids removal 

produced by the mixture, until the amount of butanol exceeded 

20 per cent of the total mixture. When the amount of butanol 

in the mixture was increased to 30 per cent the solids removal 

decreased. 

The results showed that the amount of butanol in a 

butanol-solvent mixture does effect the extraction performance 

of the mixture. The results also showed that a mixture of 

approximately 80 per cent trichloroethane and 20 per cent
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butanol (by weight) was the most effective mixture for 

removing solids from settled sewage.
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X. GENERAL DISCUSSION 

The chlorinated solvent process for sewage and waste 

treatment was investigated because it was known that chlor- 

inated solvents cause coagulation of bacteria and proteins 

contained in liquids. The coagulated material gathers at 

the interface between the solvent and the aqueous phase. It 

was conceived that since sewage and other wastes contain 

suspended microorganisms and proteins that a chlorinated 

solvent process might be effective for removal of these 

materials. 

The variables selected for investigation were pH, temp- 

erature, type of waste, and solvent system. The basis for 

the selection of variables was established experience in 

other solvent extraction processes. 

In the residue analysis used in this investigation some 

of the residue that settled out was very unstable in that it 

would go back into suspension with the slightest disturbance. 

A small portion of such residue would occasionally be siphoned 

off with the supernatant. The residue comparison was a good 

eriterion of process efficiency 1f the entire amount of resi- 

due was transferred to the evaporation dish and if no other 

residue losses occurred in the remainder of the analysis. The 

suspended solids test was also made for the purpose of deter~ 

mining the amount of material removed by the solvent extraction
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process. However, with small quantities of suspended solids 

the results may not be dependable due to error in weighing or 

Slippage through the filter mat. With the small quantities 

that were measured in the suspended solids test it was diffi- 

cult to obtain consistent results on repeated samples. 

Another fact that caused considerable variation in the 

results was the variable composition of the waste samples. 

Unless all of the waste samples are obtained at one time, 

subsequent samples may differ materially in composition from 

the original sample. This is especially true with sewage 

because of varying flows, varying loads, and infiltration of 

surface waters during heavy rains. Because of the procedures 

employed samples were picked up at different times or else 

stored in the refrigerator until the analyses with each waste 

Was completed. Refrigeration was probably the better method 

for having consistent sample composition for all analyses. 

However, refrigeration may have caused some changes in the 

waste samples. It 1s possible that greases and fats, that 

were emulsifying in the waste samples, were condensed on the 

container walls during refrigeration. Greases and fats on 

the container walls may not have been removed with waste sam- 

ples transferred to the mixing and settling chambers for 

analyses. 

The results from the settled sewage investigation showed 

that chloroform produced reasonably good suspended solids
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removal. However, it should be noted that the suspended 

solids removal indicated by the results was not entirely 

due to the effect of chloroform, because some solids would 

have settled from the waste without the addition of the chlor- 

oform. The samples designated as blanks in the suspended 

solids analyses were not resettled with the extracted samples. 

The suspended solids blanks were analysed to determine the 

amount of suspended solids in the waste initially so that the 

total suspended solids removal could be evaluated. 

From observation: of the results it is quite obvious that 

they were variable. The sample range for the suspended solids 

tests on unextracted settled sewage was 107 mg/l., the sample 

mean was 85.9 mg/l., and the standard deviation was 32.5 mg/l. 

For extracted settled sewage the range of the suspended solids 

test results was 31 mg/l., the sample mean was 13 mg/l., and 

the standard deviation was 9.4 mg/l. The suspended solids 

sample range was 71 per cent higher for unextracted settled 

sewage than for extracted settled sewage. The suspended solids 

mean was 85 per cent higher for unextracted than for extracted 

settled sewage, and the standard deviation was 71 per cent 

higher for unextracted than for extracted settled sewage. The 

variability of the suspended solids results is partly due to 

variations in sample composition of different samples picked 

up at different times. Analytical techniques possibly caused
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some variations in the results, too. Although the results 

were variable the trend indicated that chloroform aided sus- 

pended solids removal from settled sewage. 

In the residue analysis on settled sewage the sample 

range for chloroform extraction was 68 mg/l., the mean was 

69.8 mg/l., and the standard deviation was 27.6 me/l. The 

unextracted residue sample range was 21 mg/l., the mean was 

52.5 mg/l., and the standard deviation was 14.8 mg/l. The 

sample range was 224 per cent higher for extracted than un- 

extracted residue sample results. The sample mean was 33 

per cent higher for extracted than unextracted residue sample 

results, and the standard deviation was 87 per cent higher 

for extracted than for unextracted residue results. It 1s 

obvious that the results were quite variable, but this was 

primarily attributable to the variability of the waste samples. 

Comparison of the means of the residue determinations showed 

that chloroform extraction improved the settleability of the 

material in settled sewage. 

The C.0.D. results from settled sewage not extracted had 

a sample range of 119 mg/l., a mean of 257 mg/l., and a standard 

deviation of 45.6 mg/l. The settled sewage samples that were 

chloroform extracted had a C.0.D. sample range of 1372 mg/l., 

a mean of 715 mg/l., and a standard deviation of 577 mg/l. 

Expressed in percentages the C.0.D. sample range for extracted
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settled sewage was 1050 per cent higher than for unextracted, 

the sample mean was 178 per cent higher for the extracted than 

the unextracted, and the standard deviation was 1165 per cent 

higher for extracted than for unextracted samples. The high 

values for the C.0.D. samples that were extracted was caused 

by incomplete removal of dissolved chloroform from the samples 

before making the C.0.D. analyses. The variations in composi- 

tion of the different settled sewage samples also produced 

some fluctuations in the C.0.D. results. 

The B.O.D. sample results for unextracted settled sewage 

had a sample range of 75 mg/l., a mean of 109.4 mg/l., and a 

standard deviation of 25.5 mg/l. The extracted settled sewage 

results had a sample range of 92 mg/l., a mean of 56.5 mg/l., 

and a standard deviation of 2.5 mg/l. Expressed in percentages 

the B.O.D. sample range was 23 per cent higher for the extracted 

than for the unextracted results, the sample mean was 49 per 

cent lower for the extracted than the unextracted results, and 

the standard deviation was 28 per cent higher for the extracted 

than for the unextracted results. Because of the methods used 

in the B.O.D. analysis and the variable composition of the 

settled sewage samples, the B.0O.D. results were expected to 

have some variability. However, the sample ranges and standard 

deviations of the extracted and unextracted samples in the 

B.O.D. tests were in closer agreement than in other tests. 

This close agreement between the sample ranges and standard
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deviations of the B.0.D. results indicated that the B.0.D. 

test was probably a better test for evaluating the chloroform 

extraction efficiency than the other tests used. Comparison 

of the mean B.0.D. of the extracted sample with the mean 

B.O.D. of the unextracted samples showed that the chloroform 

ts effective in reducing the B.0.D. of settled sewage by 52.9 

mg/l. or 49 per cent. Although chloroform extraction produced 

B.O.D. reduction of settled sewage, the reduction was not 

sufficient to provide complete treatment. 

The results from treatment of the settled trickling filter 

effluent more or less verify the results from the settled sew- 

age analyses, in that both wastes appeared to be partially 

treated by chloroform extraction. 

Since the initial results from the extraction process appear- 

ed to be unfruitful, some investigation was made of variables 

effecting the process to determine if changes in any particular 

variable would improve or hinder the extraction efficiency. 

Although no specific experiments were made to investigate 

settling time, the different settling times used through the 

investigation indicated that extraction produced by the solvent 

was essentially complete after the first hour of settling. 

Chloroform appeared to be more effective when the waste 

‘sample temperature was 20° C than at other temperatures investi- 

gated. Because chloroform extraction was most effective at a 

temperature near 20° C and the normal temperature of the samples
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was near 20° C, sample temperature was not considered detri- 

mental to extraction efficiency. 

The investigation of the effect of sample pH indicated 

that unless the pH is modified to an unreasonable extreme 

(near 12.0), it has little effect on extraction efficiency. 

However, there were several instances in the screening investi- 

gation when the 200 mg/l. lime dosage appeared to improve the 

extraction efficiency, but this was not the general trend. 

The bactertological investigation showed that chlorinated 

solvents produced a substantial removal of bacteria from set- 

tled sewage, but the removal was not as great as anticipated. 

The results from the solvent and waste screening investi- 

gation showed that chlorobenzene, trichloroethane, and dichlor- 

isopropyl ether produced better results than the other solvents 

used, Because these solvents have lower vapor pressures than 

the other solvents, it is possible that chiorinated solvents 

with low vapor pressures are the best solvents for an extrac- 

tion process, The screening investigation also showed that 

mixing a certain percentage of butanol with some solvents in- 

creased the extraction efficiency of the solvent. 

In summary, the process appeared to be most effective for 

settled sewage treatment, but the results were not sufficient 

to warrant consideration as a complete treatment process. The 

extraction process was less effective on other wastes. The
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microorganism removal was significant but not as complete as 

would be desired for an effective process. 

It is possible that the performance or value of the pro- 

cess was not indicated by the analyses made. No analyses were 

made on wastes containing high concentrations of fats or 

greases, Domestic wastes do not always contain high concen- 

trations of greases, fats, and waxes; but occasionally these 

materials cause treatment problems. Dichlorisopropyl ether, 

a chlorinated solvant, is cited as being an excellent extrac- 

tant of these materials (2). 

Future investigation using chlorinated solvents for the 

removal of specific materials such as greases, fats, or waxes 

from wastes containing high concentrations of these materials 

may prove more fruitful for the process. Also solvent ex- 

traction of sewage and other wastes using chlorinated solvents 

with very low vapor pressures may be successful.
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XI. CONCLUSIONS 

This investigation has led to the following conclusions: 

1. A chlorinated solvent extraction process is more 

effective on settled domestic sewage than other wastes. 

2, Temperature and pH of waste samples appear to have 

little effect on the extraction efficiency of chlorinated 

solvent extraction processes, 

3, Chlorinated solvents with low vapor pressures appear 

to effect better extraction than chlorinated solvents with 

_high vapor pressures. 

4, The B.O.D. and residue analyses are the best analyses 

for evaluating the effectiveness of the chlorinated solvent 

extraction process. 

5. Mixing butanol with some chlorinated solvents in- 

proves extraction performance. 

6. The chlorinated solvents failed to produce relatively 

complete removal of bacteria from the wastes. 

7. The chlorinated solvent extraction process is not 

highly recommended as a waste treatment process unless more 

favorable results are obtained from further investigations 

with the process.



XII, SUMMARY 

The object of this investigation was to evaluate 

chlorinated solvent processes for the removal of micro- 

organisms, proteins, and other substances from sewage and 

other wastes. 

The use of a chlorinated solvent extraction process 

for sewage and waste treatment was conceived because chlor- 

inated solvents cause coagulation of bacteria and proteins, 

and this coagulated mass gathers at the interface between 

the solvent and the aqueous phase. Since sewage and other 

wastes contain dispersed bacteria and proteins the solvent 

should be beneficial in removing these materials. 

The investigation showed that the process was of limited 

effectiveness as a waste treatment operation. Wastes with 

high concentrations of solids were less effectively treated 

than waste with low solids concentrations. Of the wastes 

tested, settled domestic sewage appeared to be most suited 

for the solvent extraction process. The process didn't pro- 

duce complete removal of the microorganisms. The variables, 

temperature and pH, had little or not effect on the process; 

and chlorinated solvents with low vapor pressures appeared to 

be most effectual for waste extraction. 

More research is needed before the chlorinated solvent 

extraction process can be completely evaluated as a sewage 

and waste treatment process.
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ABSTRACT 

Removal of Microorganisms and Proteins from 

Sewage and Industrial Waste with 

Chlorinated Solvents 

  

Very few sewage and industrial waste treatment effluents 

are free from microorganisms and proteins. Such discharges 

require further treatment by the receiving stream and conse- 

quently lower stream quality. The object of this investiga- 

tion was to evaluate chlorinated solvent processes for the 

removal of microorganisms, proteins, and other substances 

from sewage and other wastes. 

Six different chlorinated solvents were added to different 

waste samples in the ratio (by volume) of five per cent solvent 

and 95 per cent waste, mixed and allowed to settle for a 

specified period of time. The efficiency of the solvent ex- 

traction process was evaluated in terms of reduction of sus- 

pended solids, biochemical oxygen demand, and by increased 

weight of residue separable by sedimentation. The results 

showed that the process produced the following effects on 

settled sewage. Suspended solids were reduced by 85 per cent, 

the weight of residue separable by sedimentation was increasdd 

33 per cent, and the biochemical oxygen demand was reduced 49 

per cent.



The process was less effective for treatment of raw 

sewage, trickling filter effluent, sewage lagoon effluent, 

or for separation of activated sludge. 

The variables investigated were temperature, pH and 

the solvent waste system. Temperature and pH appeared to 

have negligible effect on the extraction efficiency. The 

solvents employed were; chloroform, ethylene dichloride, 

chlorobenzene, carbon tetrachloride, trichloroethane, and 

dichliorisopropyl ether. Solvents with low vapor pressures 

and wastes with low concentrations of suspended solids appeared 

to be the most efficient system. The addition of 20 per cent 

of butanol (by weight) to trichloroethane appeared to increase 

the extraction efficiency of trichloroethane. 

Bacterial counts made indicated that the solvent extrac- 

tion process was affecting better than 90 per cent removal of 

microorganisms from the waste samples. 

More research will be nedded to completely evaluate 

chlorinated solvent processes for the removal of microorganisms, 

proteins, and other substances from sewage and other wastes.


