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A B S T R A C T

STUDIES OF EFFECTIVENESS OF COMMERCIAL 

HOME TREATMENT SYSTEMS

Eleven home w a te r systems were te s te d  re p re s e n tin g  s ix  
d i f f e r e n t  types  o f  f i l t e r i n g  system s. Tests  were made f o r  
S u lfa te s ,  N i t r a te s ,  Phosphate, I ro n  and E s c h e ric h ia  c o l i  and 
E n te ro b a c te r aerogenes b e fo re  and a f t e r  passing  th rough  a home 
tre a tm e n t system . A l l  o f  th e  systems removed ir o n  ade qua te ly  
b u t had l i t t l e  e f f e c t  on th e  removal o f  n i t r a t e s ,  phosphates, 
s u lfa te s  o r  c o n tro l o f  pH.

S ince none o f  th e  ground w a te rs  was con tam ina ted  by c o l i -  
fo rm s , n o th in g  was e s ta b lis h e d  re g a rd in g  the  e f fe c t iv e n e s s  o f  
b a c te r ia l removal by these  system s.
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INTRODUCTION

One o f  the  m a jo r problems w ith  s e le c t io n  o f  an a p p ro p ria te  

home w a te r tre a tm e n t system fo r  in d iv id u a l home use is  the v a r ie ty  

o f  types o f  systems and the  v a r ia t io n s  in  w a te r p ro p e r t ie s  (espe­

c ia l l y  pH). An in d iv id u a l home owner in  most areas can o n ly  con­

ta c t  a w a te r c o n d it io n in g  d e a le r  who r a re ly  has the  te c h n ic a l 

a b i l i t y  to  e va lu a te  a bes t system and who sometimes is  o n ly  in t e r ­

ested  in  making a sa le  o f  h is  most expensive u n i t .  Th is  research  

p ro je c t  measured th e  chem ical and b a c te r ia l co n te n ts  o f  raw w a te r 

and w a te r samples t re a te d  by com m e rc ia lly  in s ta l le d  w a te r con­

d i t io n e r s .  The o b je c t iv e  o f  t h is  p ro je c t  was to  e s ta b lis h  the 

r e la t iv e  e f fe c t iv e n e s s  o f  w a te r c o n d it io n in g  systems as in s ta l le d  

in  home s e rv ic e .

A. Purpose and O b je c tiv e s

The purpose o f  th is  research  was to  ana lyze  w a te r samples 

from  p r iv a te  w e lls  to  de term ine the  e f fe c t iv e n e s s  o f  v a r io u s  t r e a t ­

ment systems. The o b je c t iv e  was to  e s ta b lis h  a re fe re n c e  base 

from  which recommendations o f  f i l t e r  types cou ld  be made based on 

chem ical and b io lo g ic a l perform ance.

B. R e la ted  Research o r A c t iv i t ie s

None.

METHODS AND PROCEDURES

Eleven p r iv a te  w e ll systems were s e le c te d  (see Map 1) f o r  

t h is  s tu d y . The s e le c t io n s  were based on a v a r ie ty  o f  lo c a tio n s  

and a v a r ie ty  o f  f i l t e r  types (see Table 1 ) .  A t each s i t e ,  sample
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taps were in s ta l le d ,  where needed, im m edia te ly be fo re  and a f te r  

the f i l t e r  system. Samples were taken d u rin g  the months o f  Octo­

b e r, November and December o f  1983 and January, March, A p r i l  and 

June o f  1984.

Table 1.

NAME LOCATION FILTER TYPE

Couser 1 Ion exchange
H e fley 2 Sand f i l t e r
M a rtin 3 Ion exchange
McDaniel 4 Ion exchange
Myer 5 Sand f i l t e r  and charcoa l

P a tte rson 6 Ion exchange and NaOCl 
c h lo r in a t io n

Shelton 7 KMn04

Simmons 8 Ion exchange

Smith 9 KMn04

T a lb e r t 10 KMn04
T rig g 11 Ion exchange and N e u tra liz e r

Samples were ob ta in e d  us ing  au toc laved  food canning ja r s  w ith  

rubber seal r in g s  to  in s u re  s t e r i l i t y .  In  th e  la b o ra to ry  the

samples were f i r s t  analyzed b io lo g ic a l ly  to  reduce the  r is k  o f  con­

ta m in a tio n . The S tandard A n a ly s is  o f  Water c o n s is ts  o f  th re e  p a r ts  

p resum ptive , con firm ed  and com pleted. The presum ptive  p a r t  con­

s is ts  o f  a s e r ie s  o f  la c to s e  b ro th  Durham tubes in to  which a spe­

c i f i c  volume o f  te s t  w a te r is  added. Ten m i l l i l i t e r s  o f  w a te r is  

added to  each o f  th re e  tubes c o n ta in in g  double s tre n g th  la c to s e  

b ro th . One m i l l i l i t e r  o f  the  same w a te r sample is  added to  th re e
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s in g le  s tre n g th  la c to s e  b ro th  tubes and o n e -te n th  m i l l i l i t e r  o f  

the  same sample is  added to  th re e  s in g le  s tre n g th  la c to s e  b ro th  

tu b e s . Gas p ro d u c tio n  in  any o f  the  tubes c o n s t itu te s  a p o s i t iv e  

p resum ptive  t e s t .  The number o f  b a c te r ia  presumed to  be in  100 

m i l l i l i t e r s  o f  the  sample is  de term ined by u t i l i z i n g  a Most Prob­

ab le  Number ta b le .

The w a te r in  any tube in  which gas was formed is  cons ide red  

unsa fe . C o n firm a tio n  o f  g ram -nega tive  la c to s e  fe rm e n te rs  neces­

s ita te s  the  in n o c u la t io n  o f  an a p p ro p r ia te  medium w ith  a sample o f  

the  p o s i t iv e  la c to s e  b ro th  c u l tu r e .  S ince n o n -c o lifo rm  b a c te r ia ,  

e . g . ,  C lo s tr id iu m  p e r f r in g e n s , produce gas, the  con firm ed  p a r t  o f  

the  a n a ly s is  w i l l  no t o n ly  s e le c t  a g a in s t t h is  and o th e r  gram­

p o s i t iv e  organism s bu t w i l l  a llo w  f o r  the  d i f f e r e n t ia t io n  o f  the  

c o lifo rm s  E s c h e ric h ia  c o l i  and E n te ro b a c te r aerogenes. For the  

con firm ed  p a r t ,  L e v in e 's  EMB agar was used.

C o lifo rm  c o lo n ie s  from  th e  Confirm ed t e s t  are then t r a n s fe r ­

red to  a tube o f  la c to s e  b ro th  and a n u t r ie n t  agar s la n t .  A gram- 

re a c t io n  s l id e  is  then made from  each o f  these  s la n ts  and la c to s e  

tubes .

The chem ical ana lyses c o n s is te d  o f  th e  d e te rm in a tio n  o f  pH 

and the  c o n c e n tra tio n s  o f  s u l fa te s ,  phosphates, n i t r a te s  and ir o n .

Hydrogen io n  c o n c e n tra t io n  was determ ined us ing  a pH m eter 

s ta n d a rd ize d  w ith  pH 7 .0  b u f fe r .

N i t r a te  was determ ined us ing  the  cadmium re d u c tio n  method and 

read ing  a t  543 nanometers. A s tandard  n i t r a t e  s o lu t io n  o f  10 ppm
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was used as a reference.

Phosphate was determined using the ascorbic acid method and 

reading at 700 nanometers. A standard phosphate solution of 1 ppm 

was used as a reference.

Sulfate was determined using the barium chloride turbidimetric 

method and reading at 450 nanometers. A standard sulfate solution 

of 50 ppm was used as reference.

All measurements were made on a Bausch and Lomb Spectronic 20 

with standard Bausch and Lomb cuvettes.

CHEMICAL PROCEDURES:

pH Determination:

Hydrogen ion concentration was determined as pH using a 

Sargent Welch model RB pH meter. The meter was calibrated using 

pH 7.0 ±.02 buffer solution freshly prepared from pHydrion buffer 

powder (a mixture of sodium and potassium phosphates). Individual 

samples were analyzed with the calibrated pH meter washing the elec­

trode between each determination and drying the electrode before 

insertion into samples. Readings were recorded upon stabil izat ion  

of the meter's indicator.

Nitrate Determination:

Nitrate ion concentration was determined using the Cadmium 

Reduction Method. In this procedure, 25 ml amounts (via class A 

glassware) were treated with one NitraVer V Nitrate Reagent Powder 

pillow (a mixture of metalic cadmium and gent is t ic  acid; a product
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of Hach Chemical Company). The mixture was shaken vigorously for 

one minute and read spectrophometrically after at least 5 minutes 

and no more than 15 minutes. A Bausch and Lomb Spectronic 20 

spectrophotometer was used for all measurements. The instrument 

was warmed-up, 0%T set according to directions, and 100%T set using 

untreated sample. Readings were made at 500 nanometers using standard 

Bausch & Lomb cells. A standard solution of 10.0 ± 0.1 ppm nitrate nitro­

gen was identically treated with each group of samples and used as a 

reference. Calculations were made using Beer's Law:

(Aunk) (concentration unk) = (Aref ) (concentration re f )

Phosphate Determination:

Phosphate ion concentration was determined using the Ascorbic 

Acid Method. In this procedure, 25 ml amounts (via class A glassware) 

were treated with one PhosVer III Phosphate Reagent Powder Pillow (a 

mixture of ascorbic acid, antimony potassium tartra te  and ammonium 

molybdate, a product of Hach Chemical Company). The mixture was 

shaken immediately and read spectrophometrically after at least 2 

minutes and no more than 10 minutes. A Bausch and Lomb Spectronic 

20 spectrophotometer f i t ted  with appropriate red f i l t e r  and red-sensi­

tive photocell was used for all measurements. The instrument was 

warmed up, 0%T set according to directions, and 100%T set using un­

treated sample. Readings were made at 700 nanometers using stan­

dard Bausch and Lomb cells. A standard solution of 1.0 ppm phosphate 

was identically treated with each group of samples and used as a

6



reference. Calculations were made using Beer's Law:

(Aunk) (concentrationunk) = (Aref ) (concentrationre f )

Sulfate Determination:

Sulfate ion concentration was determined using the Turbidi- 

metric Method. In this procedure, 25 ml amounts (via class A glass­

ware) were treated with one SulfaVer IV Sulfate Reagent Powder Pillow 

(a mixture of barium chloride and conditioning reagent, a product of 

Hach Chemical Company). The mixture was shaken immediately and read 

spectrophometrically after at least 5 minutes and no more than 10 

minutes. A Bausch and Lomb Spectronic 20 spectrophotometer was used 

for all measurements. The instrument was warmed up, 0%T set accord­

ing to directions, and 100%T set using untreated sample. Readings 

were made at 450 nanometers using standard Bausch and Lomb cells.  A 

standard solution of 50.0 ± 0.5 ppm sulfate was identically treated 

with each group of samples and used as a reference. Calculations 

were made using Beer's Law:

(Aunk) (concentrationunk) = (Are f ) (concentrationre f )

Iron Determination:

Total iron ion concentration was determined using the 

1,10-Phenanthroline Method. In this procedure, 25 ml amounts (via 

class A glassware) were treated with one FerroVer Iron Reagent Powder 

Pillow (a pre-measured amount of 1,10-phenanthroline, a product of 

Hach Chemical Company). The mixture was shaken immediately and read 

spectrophometrically after at least 3 minutes and no more than 30
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minutes. A Bausch and Lomb Spectronic 20 spectrophotometer was 

used for all  measurements. The instrument was warmed up, 0%T set 

according to directions, and 100%T set using untreated sample. Read­

ings were made at 510 nanometers using standard Bausch and Lomb ce l ls .  

A standard solution of 1.0 ppm iron was identically treated with 

each group of samples and used as a reference. Calculations were 

made using Beer's Law:

(Aunk) (concentrationunk) = (Ar e f ) (concentrationr e f )

BACTERIAL ANALYSIS:

I t  is an established fact that some of the waters in this area 

are contaminated with bacteria and certain chemicals. The bacterial 

investigation dealt with determining whether or not coliform bac­

te r ia  Escherichia coli and/or Enterobacter aerogenes were present 

in the water supply and i f  so, to what extent the f i l t e r  system would 

remove these bacteria. Selection of water to be tested was based on 

the homeowner's suspicion (fear) of pollution, the location of the 

home (and water source), and the type of f i l t e r  employed. Suspected 

pol l ution was our f i r s t  cr i te rion of selection.

Samples were taken almost monthly over the grant period and 

each sample was tested for coliforms employing the techniques for the 

standard bacterial analysis of water. As stated in the original pro­

posal, our intent was to measure the chemical and bacterial content 

of raw water and these same water samples treated by commercially 

instal l ed water conditioners.
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As defined in "Standard Methods for the Examination of Water 

and Wastewater" the coliform groups include al l of the aerobic and 

faculatative anaerobic, Gram negative, non-spore-forming rod-shaped 

bacteria which ferment lactose with gas formation within 48 hours.

The l i s t  of coliform will not be included except for Escherichia coli 

and Enterobacter aerogenes which are considered to be the prime pollu­

tion indicators.  These organisms can be identified and a dist inct ion 

made between the two by the techniques mentioned previously. Typical 

E. coli and closely related strains are of fecal origin while E. aero- 

genes and i t s  close rela tives are not of d irect fecal origin.

The standard bacterial analysis of water consists of a presump­

tive ,  a confirmed, and the completed phase. The presumptive phase 

"assumes" the water to be contaminated. In essence, the presumptive 

phase involves the innoculation of lactose broth Durham tubes for the 

determination of gas production. Tubes in which gas is produced are 

considered positive. Innoculum from these tubes is transferred to an 

Eosin Methylene Blue agar plate. This is a differential  medium on 

which colonies of E. coli are small and f l a t  with a metallic sheen 

while colonies of E. aerogenes are larger,  more raised and without 

a metallic sheen. In the completed phase, colonies of E. coli are 

transferred to tubes of lactose broth and an agar s lant.  The tubes 

are checked for gas and the slant colonies are subjected to the 

IMVIC series of tes ts  and a Gram stain is made.

None of the samples were positive for coliforms ei ther  in the 

f i l te red  water or the raw water. The determination of fecal contami-
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nation was the thrust of our investigation and no attempt was made 

to determine i f  other forms of micro-organisms were present.

PRINCIPLE FINDINGS AND SIGNIFICANCE

All water samples were col l ected in s te r i l ized  containers and 

delivered as soon af te r  collecting as possible. As soon as the 

samples arrived they were tested for coliforms by the Standard 

Bacterial Analysis of Water. No coliforms were detected in any of 

the water samples. In fac t ,  there were no lactose fermenters of 

any kind in any of the samples as evidenced by the fact that no 

gas appeared in any of the Durham tubes. Therefore, no conclusions 

can be made as to the effectiveness of the home water f i l t e r s  tested 

to remove coliform bacteria.

These units have l i t t l e  or no effect on pH and have l i t t l e  e f ­

fect on n i t ra te  removal.

Generally speaking, the units have l i t t l e  effect  on phosphate 

removal. There was, however, an exception where phosphate was added 

to the f i l te red  water. This increase is unexplained a t  th is  time 

but might be due to the regeneration process which could be adding 

phosphates to the water. These units have l i t t l e  effect  on sulfate 

removal.

CONCLUSIONS

These units are designed primarily for the removal of iron 

which is done effectively by all systems. These results  indicate 

that any of the systems will effectively remove iron in concentra-

10



tions below 3 ppm and a sand and ion exchange combination appears 

needed at  higher concentrations.

LITERATURE CITED

None.
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Table 2.

pH Results

Oct.
83

Nov.
83

Dec.
83

Jan.
84

Mar.
84

Apr.
84

Jun.
84

Couser Before Fil ter 
Couser After Fil ter

Hefley Before F il ter  
Hefley After Filter

Martin Before Filter 
Martin After Filter

McDaniel Before Fil ter 
McDaniel After Filter

Myer Before Filter 
Myer After Filter

Patterson Before Filter 
Patterson After Filter

Shelton Before Filter 
Shelton After Filter

Simmons Before Fil ter 
Simmons After Fil ter

Smith Before Filter 
Smith After Filter

Talbert Before Fil ter 
Talbert After Filter

Trigg Before Filter 
Trigg After Fil ter

6.8
6.5

7.3
7.2

7.2
7.6

7.4
7.5

7.2
7.6

6.8
6.8

7.5
7.4

na
na

7.1
7.1

9.1
7.1

8.0
8.0

6.2
6.2

6.5
6.6

6.6
6.5

8.0 
6.8 

7.4
7.5

6.0
7.1

6.7
6.7

6.5
6.6

6.1
6.4

6.2
6.0

8.0
7.5

6.4
6.2

6.3 
6.2

6.9
6.6

6.2
6.0

na
na

na
na

na
na

na
na

na
na

6.3 
6.0

na
na

8.0
6.5

6.6
6.5

7.5
7.2

7.5
7.3

6.7
6.5

6.9
6.9

7.5
7.3

7.0
6.8

na
na

6.8
6.5

6.9
6.6

6.3
6.3

7.0
7.2

6.6
5.8

6.5
6.7

5.7
6.1

7.0
6.5

7.5
7.5

6.4
6.3

6.5
7.0

6.5 
6.2

6.9
6.9

7.0 
6.9

7.2
7.2

5.4
5.5

5.6
6.0

5.4
6.5

7.5 
8.0

7.0
7.0

6.5
6.5

6.4
7.3

5.8
6.0

5.6
5.6

6.4
7.0

6.1 
6.1

7.0
6.5

6.5
7.0

6.3
6.9

7.7
8.3

6.6
7.0

6.7
7.4

6.3
6.4

na
na

7.3
6.9

na = no sample available
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Table 3.

Nitrate Results

Oct.
83

Nov.
83

Dec.
83

Jan.
84

Mar.
84

Apr.
84

Jun
84

ppm ppm ppm ppm ppm ppm ppm

Couser Before F il ter  
Couser After F il te r

Hefley Before F il te r  
Hefley After F il te r

Martin Before F il ter  
Martin After F il te r

McDaniel Before F il ter  
McDaniel After F il te r

Myer Before F il ter  
Myer After F il te r

Patterson Before F il te r  
Patterson After F il te r

Shelton Before F il te r  
Shelton After F il ter

Simmons Before Fil ter  
Simmons After F il ter

Smith Before F il ter  
Smith After F il te r

Talbert Before F il ter  
Talbert After Fil ter

Trigg Before F il ter  
Trigg After F il ter

.83

.83

3.3
1.7

2.4 
.85

3.1
1.6

3.9 
1.6

1.7
1.7

3.9
2.3

na
na

1.9
1.5

1.7
1.7

1.3
1.3

bd
bd

.07

.03

bd
bd

1.3
.03

bd
bd

bd
bd

.04

.03

bd
bd

.05

.04

.07

.03

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

na
na

na
na

na
na

na
na

na
na

bd
bd

na
na

3.1
2.3

bd
bd

bd
bd

6.0
2.3

5.4
1.5

24.6
8.5

bd
bd

5.4
1.5

na
na

5.4
2.3

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

bd
bd

2.1
2.1

bd
bd

bd
bd

bd
bd

na
na

bd
bd

na = no sample available 
bd = below detection limit
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Table 4.

Phosphate Results

Oct.
83

Nov.
83

Dec.
83

Jan.
84

Mar.
84

Apr.
84

Jun.
84

ppm ppm ppm ppm ppm ppm ppm

Couser Before Filter 
Couser After Filter

Hefley Before Filter 
Hefley After Fil ter

Martin Before Fil ter  
Martin After Filter

McDaniel Before Filter 
McDaniel After Filter

Myer Before Filter 
Myer After Filter

Patterson Before Fil ter 
Patterson After Filter

Shelton Before Filter 
Shelton After Filter

Simmons Before Fil ter  
Simmons After Filter

Smith Before Filter 
Smith After Filter

Talbert Before Fil ter 
Talbert After Filter

Trigg Before Fil ter 
Trigg After Filter

.10

.25

.30

.20

.40

.20

.50
1.9

.50

.30

.20

.20

.40

.20

na
na

.40

.30

.20

.40

.10

.20

bd
.50

1.0
bd

bd
.50

bd
1.7

.50

.30

bd
bd

bd
bd

.50

.60

bd
bd

bd
bd

bd
bd

.50

.60

.50

.30

.40

.30

1.5
2.6

na
na

na
na

na
na

na
na

na
na

.50

.40

na
na

.26

.44

.35

.31

bd
bd

.30
1.7

.59

.19

.33

.67

bd
bd

.20

.74

na
na

.28

.22

.41

.33

.56

.12

.94

.27

.05

.06

.22

.59

.91

.65

1.3
.26

1.1
.26

.44

.39

.07

.28

.15

.12

.47

.52

.22

.43

.35

.22

.78

.57

.26
1.9

.30

.30

.48

.48

.43

.30

.26

.61

1.0
.39

.26

.22

.22

.22

.41

.68

.41

.27

.19

.19

.36
2.2

.36

.50

.23

.29

.26

.32

.38

.76

.27

.32

na
na

.20

.20
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Table 5.

S u lfa te  Results

Oct. Nov. Dec. Jan. Mar. Apr. Jun.
83 83 83 84 84 84 84

ppm ppm ppm ppm ppm ppm ppm

Couser Before F i l t e r 27 35 112 65 67 71 44
Couser A fte r  F i l t e r 25 20 112 68 67 69 45

Hefley Before F i l t e r 4 bd 17 14 17 12 8
Hefley A fte r  F i l t e r 3 bd 12 11 13 8 7

M artin  Before F i l t e r 3 12 bd bd 1 2 bd
M artin  A fte r  F i l t e r 1 1 bd bd 1 1 1

McDaniel Before F i l t e r 3 bd 5 12 4 3 2
McDaniel A fte r  F i l t e r 3 bd 2 6 3 .1 1

Myer Before F i l t e r 5 bd na 7 6 3 2
Myer A fte r  F i l t e r 1 bd na 1 .4 1 2

Patterson Before F i l t e r 146 166 na 244 178 178 175
Patterson A fte r  F i l t e r 146 166 na 244 178 178 175

Shelton Before F i l t e r 3 7 na bd 4 3 3
Shelton A fte r  F i l t e r 2 8 na bd 1 3 .1

Simmons Before F i l t e r na bd na 42 11 11 5
Simmons A fte r  F i l t e r na bd na 46 15 12 9

Smith Before F i l t e r 42 59 na na 68 39 13
Smith A fte r  F i l t e r 36 54 na na 66 36 16

T a lbe rt Before F i l t e r 27 31 60 49 54 45 na
T a lb e rt A fte r  F i l t e r 27 34 52 33 52 38 na

Trigg Before F i l t e r 3 2 na bd .4 1 1
Trigg A fte r  F i l t e r 2 8 na bd bd bd 1

na = no sample a va ila b le  
bd = below de tec tion  l im i t
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