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ABSTRACT 

Outbreaks of viral disease have been associated with con

tamination of groundwater sources by viral migration from septic 

tanks. Better understanding of virus adsorption to soil could help 

minimize this health hazard. The object of this research was to 

develop a simple test that could predict virus adsorption to soils. 

Two dyes, methylene blue and amaranth, and three proteins, ferritin, 

myoglobin, and cytochrome c were evaluated as potential indicators of 

virus adsorption. 

The results indicated that no one single indicator could pre

dict the adsorption pattern for all the different viruses with all 

the various soils. However, the viruses could be placed into two 

groups based on their adsorption patterns to ferritin and cytochrome 

c. The other three indicators, myoglobin, methylene blue, and 

amaranth, did not significantly correlate with the viruses studied. 

v i i  



INTRODUCTION 

In the United States contaminated groundwater is responsible for 

over half of the reported waterborne disease outbreaks every year 

(Craun, 1979). Currently almost twenty percent of the nation's drinking 

water is groundwater and this proportion is expected to reach thirty-

three percent in the year 2000 (Freeze, 1979). 

Seven outbreaks of infectious viral hepatitis type A from 1941 

to 1961, were traced to drinking of contaminated well water (Mosley, 

1966). These episodes exist to a much greater degree in the developing 

world. An epidemic of waterborne infectious hepatitis in New Delhi, 

India resulted in 300,000 cases, including 73 deaths (Viswanatha, 1957). 

A major source of groundwater contamination is septic tank and 

cesspool seepage as well as the practice of groundwater recharge or land 

application of wastewater (Melnick and Gerba, 1980). Approximately 

twenty-five percent of the North American population utilizes septic 

tanks (Mack, 1972). The concrete, metal, or fiberglass tanks are 

subterranean and are designed to collect sewage solids. The sewage then 

undergoes anaerobic digestion and the effluents from the tanks flow 

through a system of perforated pipes which are surrounded by gravel or 

sand. The surrounding soil acts as an absorption field for the sewage 

effluents. It is this migrating effluent, contaminated with viruses, 

which may eventually reach groundwater (Gerba and Melnick, 1975). For 

this reason the United States Public Health Service recommends that a 

1  
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septic tank should be at least one hundred feet from any water well and 

fifty feet from any surface water. 

Even though there have been no documented disease outbreaks 

associated with land application of sewage wastes (Keswick and Gerba, 

1980), an increasing number of studies report recovery of viruses from 

groundwater after this practice (Melnick and Gerba, 1980). The most 

common methods of land application of wastewater are slow rate infil

tration (irrigation), overland flow, and rapid rate infiltration. Land 

application of sewage does not ensure removal of viral contaminants 

during percolation of the sewage through the soil. 

Understanding environmental factors controlling virus survival 

and migration through soil may be useful in preventing groundwater 

contamination and associated disease outbreaks. Field (Wellings, Lewis 

and Mountain, 1974) and laboratory investigations using soil columns 

(Lance, Gerba and Melnick, 1976) have demonstrated viral migration 

through soils. Viral migration is largely controlled by virus 

adsorption to soil particles. Adsorption, is controlled by a large 

number of variables including the nature of the soil and the organisms 

(i.e., type and strain of virus), pH, presence of cations, and the 

concentration of certain organics (i.e., humic acid). 

Viruses are colloidal particles composed of nucleic acid wrapped 

in a protein capsid. Due to the amphoteric nature of the proteins, 

viruses carry charges derived from the ionization of amino and carboxyl 

groups exposed on the virion surface. Thus, the protein capsid 
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determines the electrophoretic property of a virus and, consequently, 

its adsorption to soil (Bitton, 1975). Additionally, the degree of 

surface ionization is a function of the pH of the suspending medium. 

The pH at which the virion exists in a state of zero net charge is 

defined as the isoelectric point (pi). When a virus is suspended in an 

environment with a pH below its isoelectric point, it will have a net 

positive charge. If the pH is above its isoelectric point, it will have 

a net negative charge. Generally, soil pH is higher than that of the 

isoelectric point, so a virus will be negatively charged in most soil 

environments. 

Increasing the concentration of cations can enhance virus 

adsorption to membrane filters (Wallis and Melnick, 1967). One theory 

states that the cations are able to neutralize the repulsion between 

negatively charged virus and adsorbent surfaces (Puck, Garen and Cline, 

1951). Later, Mix (1974) proposed that the effect of electrolytes is 

more than a simple neutralization of charges but rather a salt bridge 

that can link viruses and adsorbents of like charges. A third 

explanation suggests that electrolytes in the suspending medium reduce 

the thickness of the electrical double-layer of charges surrounding the 

virus and adsorbent particles (Murray and Parks, 1980). The double-

layer compression would then allow surfaces of like charge to approach 

each other closely enough for London-Van der Waals forces to occur 

(Kessick and Wagner, 1978). 
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In addition to the pH phenomenon, the presence of soluble 

organic material has been shown to interfere with virus adsorption to 

surfaces. Theoretically, proteins present in soils may compete for 

adsorption sites resulting in decreasing viral adsorption (Gerba and 

Goyal, 1982). Another category of organic materials are-humic 

substances: humin, humic, hymatomelanic and fulvic acids. These sub

stances may complex viruses and prevent their adsorption to soils 

(Bitton, 1980). 

Virus adsorption is also influenced by flow rate which limits 

the contact time between the virus and the solid surface. With an 

increase in flow rate through a filter or soil, virus adsorption de

creases, since a minimum contact time is required for an electrostatic 

bond to form between the virus and adsorption site (Scutt, 1971). 

Various factors affect contact time. For example, agitation can in

crease the potential number of contacts resulting in a decreased 

critical time. 

Nonorganic soil constituents also affect adsorption. However, 

the heterogeneous constitution of soils make adsorption studies diffi

cult to interpret. The presence of clay in soils, for instance, will 

increase virus adsorption due to an increase in surface area (Burge and 

Enkiri, 1978). The converse also appears true: generally sandy soils 

adsorb less efficiently than clay soils. Soils with high cation-

exchange capacity have high virus-adsorption capacity (Burge and Enkiri, 

1978). The type of constituent minerals in the soil, i.e., iron oxides, 
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can also influence viral adsorption (Lo and Sproul, 1977). The presence 

of particulates in soil enhances adsorption by increasing the surface 

area available for viral adsorption (Robeck, Clarke, and Dostal, 1962). 

Another influence on viral retention is the degree of saturation 

of pores in the soil. Water-saturated pores, for instance, may reduce 

chances for virus contact with soil particles and decrease the 

probability of adsorption (Bitton, 1980). 

Factors affecting subterranean viral migration to groundwater 

supplies has obvious public applications. To date, however, studies in 

this realm have been limited to Reovirus and Poliovirus adsorption 

patterns in several soil types (Moore, Taylor, Reddy, Sturman, and Fuhs, 

1981 and 1982). In another study, fourteen different types and strains 

of viruses and nine different soils demonstrated statistically signifi

cant differences in adsorption among virus strains (Gerba, Goyal, Cech, 

and Bogdan, 1981). Currently, the methods used to study viral adsorp

tion to soil are expensive, time-consuming, and technically difficult. 

Basically two methods have been used to qualify virus adsorption to 

soil. They are radioactively labeled virus and viral plaque assay. 

Radioactively labeled virus methods are rapid and convenient but the 

label is expensive and the disposal of radioactive waste is a concern. 

Tissue culture must be used when animal viruses are assayed and this 

requires extensive maintenance and is highly sensitive to toxic sub

stances often present in soils. When assaying bacteriophage, the plaque 

method also necessitates extensive media preparation, which is both 

costly and time consuming. 
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In an attempt to remedy some of these disadvantages, we 

investigated different substances which may be used as indicators of 

viral adsorption. Two classes of potential indicators were studied: 

dyes and proteins. Adsorption patterns using methylene blue, an 

alkaline dye, and amaranth, an acidic dye, were evaluated. Three 

proteins were also tested: ferritin, myoglobin, and cytrochrome c. The 

data were analyzed for evidence of correlation to viral adsorption 

properties of several previously defined soils. This study elaborates 

on findings gathered in previous investigations (Moore et al., 1981 

and Goyal and Gerba, 1979). 



MATERIALS AND METHODS 

Test Soils 

Eight of the soils used in this study were obtained from James 

F. McNabb and Carl Enfield (U.S. Environmental Protection Agency, Ada, 

Oklahoma), and have been extensively characterized by Enfield et al . 

(1976). The soils and codes used were Vernon (b), Clarita (c), 

Windhorts (D), Chigley (F), unclassified soil sample (H), Pomello fine 

sand (K), Anthony (T), and Rubicond (X). The Flushing Meadows (FM) soil 

was obtained from Dr. Clarence Lance (U.S. Water Conservation Labora

tory) and was collected from the Salt River bed near Phoenix, Arizona-. 

Soil numbers 4, 5, 7, 20, 23, 24, 31, 32, and 33 were purchased 

from Ward's Natural Scientific Establishment, Rochester, New York. The 

description of all the soils is presented in Table 1. Major 

characteristics of the soils obtained from Ward's were taken from the 

studies done by Moore et al. (1981) and are shown in Table 2. The major 

physical-chemical characteristics of the soils obtained from Enfield and 

McNabb are shown in Table 2. 

Adsorption of Dyes 

The adsorption of dyes is often used in evaluating the adsorp-

tive capacity of adsorbents such as activated carbon. The adsorption of 

methylene blue has been shown to relate to the removal of contaminates 

from water by activated carbon. Dyes are easily quantitated with a 

spectrophotometer making it possible to evaluate soils rapidly. 
7 
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Table 1. Description of the test soils evaluted. 

SAMPLE CODE SOIL DESCRIPTION 

B Fine, mixed, thermic 
C Fine, momtmorillonite, thermic 
D Fine, mixed, thermic 
F Fine, mixed, thermic 
H Not classified 
K Sandy, siliceous, hyperthermic 
T Coarse-loamy, mixed (calcareous) 
X Sandy, mixed, frigid 
FM Sandy loam 
4 Lake Superior dune sand 
5 Lake Ontario beach sand 
7 Arizona montmorillonite 
20 Muck 
23 Genesee silt 
24 Genesee silt loam 
31 Glauconite 
32 Kaolinite 
33 Magnetite sand 

From Moore et al. 1981 and Goyal and Gerba, 1979. 



Table 2. Adsorption of poliovirus and soil characteristics 
of soil evaluated by Moore et al (1981). 

Soil PH surface area 

(m2/g) 

adsorption 

% poliovirus 

4 8.7 1.2 98.0 

5 8.5 0.7 99.9 

7 9.5 32 91.5 

20 7.2 1.2 79.0 

23 7.5 11 97.9 

24 7.6 4.2 75.0 

31 6.6 54 94.1 

32 8.0 12 98.7 

33 8.9 5.7 99.9 

From Moore, et al. 1981. 
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Table 3. Characteristics of soils used by Goyal and Gerba (1979). 

surface 
Sample area 

(m2 /g) 

% % % 
clay silt sand 

Cation 
exchange 
capacity 

% 
organic 
matter 

saturated 
PH 

B 84 39 13 48 32 0.30 4.5 

C 203 54 20 26 71 4.20 7.1 

D 155 53 16 13 53 1.40 4.9 

F 52 28 13 59 23 1.40 8.0 

H 105 36 24 40 30 0.78 8.0 

K 3 8 89 6.5 3.64 7.1 

T 38 13 10 77 4.2 0.27 8.2 

X 18 4 4 92 5.6 0.40 5.5 

FM 3 8 89 0.88 7.8 

From Goyal and Gerba, 1979. 
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Methylene blue 

Methylene blue was chosen because it has a net positive charge 

which would theoretically adsorb, by electrostatic forces, to the 

negatively charged sites on the soil. Preliminary studies were done in 

order to optimize the time and amount of methylene blue adsorbed. Batch 

type experiments were performed using two different concentrations of 

soil, 0.25 gram and 0.50 grams, and three different concentrations of 

methylene blue, 1 mg/ml, 5 mg/ml , and 10 mg/ml. The methylene blue 

was purchased from Matheson, Coleman and Bell (Norwood, Ohio). The 

ability to separate the test soils according to their adsorptive capa

city was optimal at 0.50 gram soil and methylene blue at a concentration 

of 5 mg/ml. Using these conditions the rate of adsorption was deter

mined. The greatest amount of adsorption occurred between 30 and 45 

minutes. 

Every soil was tested 4 to 6 times and the average adsorption 

was calculated. The soils were tested by weighing 0.50 gram soil and 

placing it into a Kimax 15 x 125 mm test tube. Then 2 ml of 5 mg/ml 

methylene blue was added and mixed on a vortex mixer for 5 seconds. The 

tube was placed in a test tube rack which was secured to a Micro-Shaker 

II, (Dynatech, Alexandria, Virginia) and allowed to shake at a speed 

setting of 8 for 30 minutes. After shaking it was placed in a TEC 

Centra-7 centrifuge (Damon, International Equipment Company, Alexandria, 

Virginia) and centrifuged at 1000 g for 10 minutes. The supernatant was 

pipetted off and the absorbance at 668 nm was determined with a Beckman 

DU-5 spectrophotometer (Beckman Instrument, Irvine, California). A 
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standard curve was determined each time this procedure was run. The 

concentration of methylene blue remaining in the supernatant was deter

mined by Beer's Law, 2 = lc. This value was then subtracted from the 

initial concentration, giving the amount adsorbed by soil. 

Amaranth 

A rare number of soils have an acidic pH so their adsorption 

sites tend to be positively charged. Amaranth is an acidic dye that 

has a net negative charge and theoretically should adsorb to the posi

tively charged sites on the soil. Preliminary studies, similar to those 

done with methylene blue , were done using amaranth (Sigma Chemical Cor

poration, St. Louis, Missouri). None of the soils tested adsorbed any 

detectable amount of amaranth so no further testing was done. 

Adsorption of Proteins 

Ferritin with a pi of 4.5, myoglobin with a pi. of 7.3 and cyto

chrome c with a pi of 9.3 were to represent the groups of viruses with 

low, netural and high isoelectric points respectively. These proteins 

were purchased from Sigma Chemical Corporation, St. Louis, Missouri. 

Batch type experiments were performed using two different concentrations 

of soil, 0.25 gram and 0.50 gram, and three different concentrations 

of protein, 100,000 g/ml, 10,000 g/ml and 1,000 g/ml. The ability to 

separate the test soils according to their adsorptive capacity was best 

when using 0.50 gram soil and a protein concentration of 10,000 g/ml. 

Because ferritin was purchased at a stock solution of 95 mg/ml, the 

soils were tested using a concentration of ferritin of 9,500 g/ml. 
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Using these conditions, the rate of adsorption was determined. The 

greatest amount of adsorption occurred between 15 and 30 minutes. 

Protein adsorption was evaluated by mixing 0.50 gram of soil 

and 1 ml of the protein solution. The mixture was agitated for 30 min

utes, centrifuged at 1000 g for ten minutes and the supernatant removed. 

The supernatants were assayed according to the procedures of the Bio-Rad 

Protein Assay Kit (Bio-Rad Laboratories, Richmond, California). This 

is a dye-binding assay and is based on the observation that the adsor-

bance maximum for an acidic solution of Coomassie Brilliant Blue G-250 

shifts from 465 nm to 595 nm when binding to protein occurs. Every 

soil was tested 2 to 4 times for each of three proteins and the average 

adsorption was calculated. 

Adsorption of MS-2 Bacteriophage 

In this study MS-2 and its host, £. coli (ATCC 15597), obtained 

from the American Type Culture Collection, were used. 

Bacteriophage stocks were prepared by the following procedure. 

Agar plates (tryptic soy agar, Gibco, Madison, Wisconsin) confluent 

with plagues were overlaid with 5 ml of tryptic soy broth (TSB, Gibco 

Laboratories, Madison, Wisconsin). After 3 hours at room temperature, 

the plates were gently swirled several times and the broth decanted. 

The suspension of free bacterial cells was then centrifuged at 1000 g 

for 15 minutes to sediment the bacterial cells. The supernatant fluid 

was passed through a 0.45 m pore size millipore membrane filter 

(Mi 11ipore Corporation, Bedford, Massachusetts) which had been previously 

ously washed with sterile TSB. Four-tenths ml portion of the filtrate 
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were put into ampules and stored at -70°C until used in the adsorp

tion studies. 

Bacteriophage assay was similartothe procedure described by 

Adams (1959). The bottom agar for the phage assay was tryptic soy 

agar (Gibco Laboratories, Madison, Wisconsin). The overlay was made 

from tryptic soy broth (Gibco Laboratories, Madison, Wisconsin) with 

one percent agar added (Bacto-Agar, Difco Laboratories, Detroit, 

Michigan). The plating procedure consisted of mixing together 3 ml of 

the overlay agar, 0.10 ml of the virus sample, and 1 ml of log-phase 

host cell suspension. This mixture is mixed for 5 seconds, then 

poured over the entire agar plate. Bacteriophage plaques were counted 

after 24 hours of incubation at 37°C. The procedure for evaluating 

virus adsorption to soils was identical to that described by Gerba 

et al (1979). Two grams of soil and 2 ml of MS-2 virus at a concen-

5 7 
tration of 10 - 10 was agitated for 30 minutes. This was centrifuged 

for 10 minutes at 1000 g and the supernatant assayed for virus as des

cribed above. 



RESULTS 

Adsorption of Dyes 

Methylene Blue 

Figure 1 and Table 4 show the rate of methylene blue adsorp

tion to soils B and K. These results indicate that maximum adsorp

tion occurs between 15 and 60 minutes. We decided to use 30 min

utes contact time in evaluating the adsorption of methylene blue to 

the test soils. The standard curve determining methylene blue con

centration is shown in Figure 2, and Table 5 gives the adsorbance val

ues for the different concentrations of protein. The values for 

methylene blue adsorption to the soils tested are shown in Table 6. 

These values vary greatly and could be divided into two groups: those 

that adsorbed almost all of the added dye and those that adsorbed fifty 

percent or less. 

Amaranth 

As shown in Table 7, no adsorption of amaranth to the test soils 

was detected, therefore amaranth was not evaluated further. 

Adsorption of Proteins 

Rate of adsorption 

The values for the rate of protein adsorption for soils 20 and 

32 for all three proteins are in Tables 8 and 9, and the curve is 

shown in Figure 3. The time for maximum adsorption for all three 

proteins was between 30 and 120 minutes. Since there is a great 

15 
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Table 4. Rates of adsorption of methylene blue 

SOILS % ABSORBED 

4 44.6 

5 21.7 

7 99.99 

20 88.6 

23 90.4 

24 99.95 

31 90.0 

32 34.3. 

33 99.93 

34 99.99 

WR 57.9 

FM 25.2 

B 99.99 

* Average of 2-4 EXP. 
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Figure 2. Methylene blue standard curve. 



Table 5. Absorbance values for methylene blue, standard curve. 

G/ML ABSORBANCE 
(668 mm ) 

0.375 0.053 
0.055 

0.500 0.119 
0.064 
0.080 
0.106 
0.095 

1.000 0.188 
1.250 0.230 

0 . 2 2 1  
2.000 0.408 
2.500 0.423 

0.477 
3.000 0.626 
3.750 0.682 

0.792 
4.000 0.814 
5.000 1.001 

0.984 
1.135 
1.045 
1.024 
1.144 

7.500 1.509 
10.000 1.860 

1.862 



Table 6. Adsorption of methylene blue to test soils. 

SOIL MG ADSORBED* % ADSORPTION* 

B 4.99 99.96 

C 4.99 99.98 

D 4.99 99.98 

F 4.99 99.8 

H 4.99 99.98 

K 2.6 52.3 

T 3.5 69.6 

X 0.04 0.8 

FM 1.7 34.7 

WR 3.7 74.2 

4 0.0 0.0 

5 0.5 10.7 

7 4.99 99.96 

20 4.98 99.7 

23 ' 1.4 28.9 

24 3.4 67.3 

31 1.6 31.2 

32 1.6 31.2 

33 1.0 20.3 

34 5.0 99.98 

* To 0.50 gram soil 



Table 7. Amaranth adsorption to test soils. 

ABSORBANCE 

SOIL 
WATER/SOIL 

BLANK 
EXPERIMENT 

#1 
EXPERIMENT 

#2 
ADSORBED* 

G/ML 

B 0.454 1.736 1.703 0 

C 0.215 1.835 1.756 0 

D 0.712 1.095 1.920 0 

F 0.038 1.765 1.666 0 

H 0.056 1.719 1.730 0 

K 0.107 1.974 1.810 0 

T 0.192 1.843 1.911 0 

X 0.068 1.762 1.775 0 

FN 0.082 1.703 1.718 0 

WR 0.078 1.715 1.917 0 

* To 0.50 gram of soil 



Table 8. Rate of protein adsorption to soil 20. 

FERRITIN * CYTOCHROME C * MYOGLOBIN * 

G % G % G •% 

MINS. ADSORBED ADSORBED ADSORBED ADSORBED ADSORBED ADSORBED 

0.5 0 0 250 2.5 0 0 

1 0 0 455 4.6 365 3.7 

2 0 0 1508 15.1 794 7.9 

4 0 0 607 6.1 44 0.4 

8 0 0 6366 63.7 328 3.3 

15 0 0 5562 55.6 233 2.3 

30 0 0 8857 88.6 863 8.6 

45 0 0 8009 80.1 1292 12.9 

60 0 0 9018 10.2 1273 12.7 

90 0 0 9304 93.0 3094 30.9 

120 0 0 9491 94.9 2523 25.2 

240 0 0 9286 92.9 2145 21.5 

* To 0.50 gram of soil No. 20 the following concentrations of protein were used: 

Ferritin: 9,500 G/ML 

Cytochrome C: 10,000 G/ML 

Myoglobin: 10,000 G/ML 



Table 9. Rate of protein adsorpt.ion to soil 32. 

FERRITIN * CYTOCHROME C * MYOGLOBIN * 

G % G % G % 

MINS. ADSORBED ADSORBED ADSORBED ADSORBED ADSORBED ADSORBED 

0.5 943.° 99.4 205- 2.1 264 2.6 

1 5191 54.7 295 2.9 63 0.6 

2 8659 91.2 0 0 459 4.6 

4 7125 75.0 0 0 680 6.8 

8 8497 89.5 0 0 50 0.5 

15 9419 99.2 607 6.1 340 3.4 

30 9433 99.3 0 0 919 9.2 

45 9466 99.7 294 2.9 617 6.2 

60 9476 99.8 205 2.1 686 6.9 

90 9447 99.5 71 0.7 478 4.8 

120 9452 99.5 714 7.1 869 8.7 

240 9409 99.1 455 4.6 435 4.3 

* To 0.50 gram of soil No. 32 the following concentrations of protein were used: 

Ferritin: 9,500 G/ML 

Cytochrome C: 10,000 G/ML 

Myoglobin: 10,000 G/ML 

ro CO 
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Figure 3. Rate of protein adsorption to soils 20 and 32. 



25 

variation in the amount of time for the maximum adsorption of pro

teins for different soils, we arbitrarily chose 30 minutes as the 

contact time for evaluating our test soils. 

Protein Standard Curve 

Table 10 gives the adsorbance values for the protein indicators 

at different concentrations and Figure 4 illustrates the curve. Fig

ure 5 shows the linear range for the standard curve of these three 

proteins. 

Test Soil Adsorption of Proteins 

Shown in Table 11 are the results for the amount and percen

tage of each protein adsorbed to the different test soils. The adsorp

tion patterns for ferritin and myoglobin appear similar in that the 

test soils fit into two general groups: those that absorb almost all 

of the protein present and those with almost no affinity for the protein. 

Contrarily, cytochrome c has a widely varying degree of adsorption to 

the test soils which does not appear to lend its.elf to groupings. 

Adsorption of MS-2 Virus 

Shown in Table 12 are the results of MS-2 adsorption to the 

different test soils. These test soils displayed widely varying abili

ties to adsorb MS-2. 

Statistical Data 

Linear correlation coefficients were calculated between the 

test soils and their adsorption of the four indicators, MS-2 and 



Table 10. Absorbance values for the protein standard curve. 

FERRITIN CYTOCHROME C MYOGLOBIN 

G/ML ABSORBANCE G/ML ABSORBANCE G/ML ABSORBANCE 

9500 2.000 10000 1.120 10000 1.587 

7125 v 1.871 7500 1.101 7500 1.572 

4750 1.804 5000 1.010 5000 1.504 

2375 1.155 2500 0.929 2500 1.314 

950 0.610 1000 0.873 1000 1.034 

760 0.528 800 0.823 800 0.943 

712 0.486 750 0.804 750 0.872 

570 0.431 600 0.585 600 0.756 

475 0.376 500 0.550 500 0.626 

380 0.318 400 0,424 400 0.530 

237 0.196 250 0.294 250 0.349 

190 0.158 200 0.205 200 0.239 

95 0.089 100 0.136 100 0.152 

76 0.061 80 0.093 80 0.115 

71 0.060 75 0.087 75 0.105 

57 0.046' 60 0.080 60 0.073 

47 0.050 50 0.073 50 0.064 

38 0.024 40 0.058 40 0.049 

24 0.033 25 0.021 25 0.019 

19 0.010 20 0.018 20 0.014 

10 0 10 0.010 10 0.008 
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Protein Standard Curve at 595nm 
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Figure 4. Absorbance characteristics of protein indicators at 
different concentrations. 
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Table 11. Protein adsorption to the test soils. 

FERRITIN* CYTOCHROME C* MYOGLOBIN* 

MG. % MG. % MG. % 
SOIL ABSORBED ABSORBED ABSORBED 

B 9499 99.0 9800 98.0 9987 99.9 

C 480 5.0 9700 97.0 8058 80.6 

D 6278 66.1 9891 98.9 9372 93.7 

F 20 0.2 7994 79.9 345 3v5 

H 1025 10.8 9673 96.7 1249 12.5 

K 0 0 114 1.1 102 1.0 

T 0 0 2368 23.7 192 1.9 

X 0 0 771 7.7 0 0 

FM 0 0 1179 11.8 0 0 

HR 0 0 1615 16.2 807 2.1 

4 0 0 342 3.4 0 0 

5 0 0 454 4.5 0 0 

7 9970 99.7 9990 99.9 9796 98.0 

20 0 0 9374 93.7 2039 20.4 

23 0 0 1405 14.1 0 0 

24 0 0 2303 23.0 298 3.0 

31 79 0.8 1112 11.1 16 0.2 

32 9499 95.0 1842 18.4 1135 11.4 

33 20 0.2 347 3.5 0 0 

* to o.50 gram soil samples. 
» 



Table 12. Percent MS-2 adsorption to test soils. 

SOILS % ADSORBED 

4 44.6 

5 21.7 

7 99.99 

20 88.6 

23 90.4 

24 • 99.95 

31 90.0 

32 34.3 

33 99.93 

34 99.99 

WR 57.9 

FM 25.2 

B 99.99 

•Average of 2-4 exp. 



Table 12. Correlation coefficients for protein adsorption and MS 2 coliphage and 
poliovirus 1 . 

Methylene Blue Ferritin Cytochrome C Myoglobin 

mg. % mg. % mg. % mg. % MS-2 POLIO ph surface area 

M.B. mg. 1.0000 .9868 .3575 .4090 .8482 .9045 .6194 .7022 .1951 .2251 -.2001 .5971 

% 1.0000 .3856 .4402 .8718 .9268 .6436 .7210 .2131 .2823 -.2139 .6126 

FER. mg. 1.0000 .9936 .5789 .5069 .5630 .6226 .2852 .3553 -.1713 .1918 

% 1.0000 .6187 .5623 .6173 .6766 .2906 .3855 -.2067 .2715 

CYTOC mg. 1.0000 .9570 .6267 .6923 .2480 .3385 -.0742 .5278 

% 1.0000 .7327 .7939 .1616 .3780 -.2482 .6614 

MYOG mg. 1.0000 .9869 .0864 .2439 -.6150 .7737 

% 1.0000 .1359 .2694 -.5865 .7419 

MS-2 1.0000 .1868 -.0236 -.2541 

POLIO 1.0000 .1941 .1939 

ph 1.0000 -.4328 

Surface area .1.0000 

* .05 = .01 = 
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poliovirus. The values for the percent adsorption of polio virus came 

from the combination of two papers, Goyal and Gerba (1979) and Moore 

(1981). These calculations are given in Table 13. There are no sig

nificant correlations between MS-2 and polio and the four indicators. 

Another linear correlation was calculated using nine soils, the 

four indicators, and the percent adsorbed of nine viruses, which came 

from Goyal and Gerba (1979). Table 14 contains all of these correla

tion coefficients. It is interesting to note that cytochrome c cor

relates significantly with methylene blue, myoglobin and ferritin but 

methylene blue only correlates with cytochrome c and not with ferritin 

and myoglobin. Rotavirus correlates with methylene blue, cytochrome c 

and myoglobin, while T2 correlates with all four indicators. Echo 7, 

T4 and poliovirus correlate with cytochrome c, unlike MS-2 and Echo I 

which correlate with ferritin. The coxsackie B3 does not correlate 

with any indicators but does correlate with polio and Echo 7. 

In the work published by Goyal and Gerba (1979) it appeared, by 

their calculations, that there was a relationship between the soil pH 

and the percent adsorption of the viruses they tested. Using previously 

published characteristics of the soils they studied, correlation coeffi

cients between the four indicators and seven soil characteristics 

were calculated and shown in Table 15. Interestingly, there seems to 

be significant correlation between adsorption of methylene blue, cyto

chrome c, and myoglobin and soil characteristics such as surface area, 

percent clay, cation-exchange, capacity and percent sand. Percent silt 

correlates with methylene blue and cytochrome c, whereas pH negatively 
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correlates with ferritin and myoglobin. None of the dye or protein 

adsorption correlated significantly with the percent organic matter. 



Table 14. Correlation coefficients of protein adsorption and the percent adsorption 
of nine viruses. 

--methylene-- -ferritin-- --cyto c— --myoglobin--

mg X mg X mg % mg % Rota Polio Echo 1 Echo 7 CoxB3 MS-2 1-2 T4 f2 

H.8. mg 1.0000 .9958 .4560 .5232 .8885 .8713 .5975 .6628 .6599 .6022 -.1594 .6053 .3952 .3048 J5937 .5062 .5076 

X 1.0000 .4700 .5403 .9103 .8926 .6158 .6779 .6909 .6429 -.1255 .6607 .4693 .3032 .7039 .5165 .5211 

Fer. mg 1.0000 .9912 .5702 .5935 • 8232 Ji523 .5955 .3714 .7290 .2787 .4054 • 7577 .6506 .3683 .7833 

X 1.0000 .6478 .6687 .8474 • 8827 .6547 .4281 .7249 .3544 .4690 .7621 .7024 .4144 .8105 

CytoC mg 1.0000 .9968 .7336 .7781 .9140 .6817 .0992 .6672 .6174 .2892 .8944 .7213 .5772 

X 1.0000 .7552 .7968 .9236 .6972 .1382 .6597 .6086 .2755 .9168 .7526 .5768 

Hyo mg 1.0000 .9925 • 7222 .3755 .5757 .3594 .3912 .4145 .7066 .4430 .7338 

X 1.0000 .7447 .4119 .5438 .3932 .4152 .4894 .7435 .4648 .7725 

Rota 1.0000 .6499 .3117 .5782 .6601 .2335 .9509 .8557 .6195 

Polio 1.0000 .0748 .9223 .7899 .0656 .6383 .7134 .4440 

Echo 1 1.0000 -.0149 .2800 .4961 .3000 .1392 .5038 

Echo 7 1.0000 .8906 .1005 .4752 .4919 .4611 

Coxsackle B3 1.0000 .2658 .4991 .4695 .5384 

MS-2 1.0000 .2837 -.0425 .6920 

T2 1.0000 .9012 .5818 

T4 1.0000 .3955 

f2 1.0000 

P .05 * P .01 



Table 15. Correlation coefficients between the adsorption of proteins and the major soil 
characteristics. 

—methylene— —ferritin— —cytochromeC —myog— surface 

mg. % mg. % mg. % mg. % area %clay Ssilt Xsand cation 
organic ph 
matter 

cation 

% organic matter 

ph 

* P .05 = 

M.B. mg. 1.0000 .9958 .4560 .5232 .8885 .8713 .5975 .6688 .6887 .8740 .8743 .8480 .6985 .2057 .0055 

% 1.0000 .4709 .5403 .9103 .8926 .6158 .6773 .7872 .8841 -.8841- .8611 .7226 .2208 -.0163 

Fer. mg. 1.0000 .9912 .5702 .5935 .8232 .8523 .3461 .5413 .2414- .5306 .3890 -.2803 .7991 

% 1.0000 .6478 .6687 .8474 .8827 .4186 .6101 .2438- .5888 .4574 -.2490 -.7626 

CytoC mg. 1.0000 .9968 .7336 .7781 .8143 .9660 .8590- .9301 .8287 .0835 -.2558 

; X 1.0000 .7552. .7960 .8273 .9687 .8506- .9372 .8302 .0391 -.2805 

Hyo mg. 1.0000 .9905 .7714 .8009 .4799- .7884 .8081 .1421 -.6975 

% 1.0000 .7554 .8266 .5301- .8053 .7926 .1040 -.6733 

surface area 1.0000 .0075 .7923- .9169 .9787 .3976 -.2198 

- % clay 1.0000 .8407- .9774 .9113 .1806 -.2845 

% silt 1.0000- .8460 .7469 .2659 .1471 

% sand 1 .0000 -.9087 .2260 .2864 

1.0000 .4779 -.2997 

1.0000 .1722 

1.0000 

.01 



DISCUSSION 

This study was an investigation of the use of dyes and proteins 

as indicators of virus adsorption to soils. These substances are easily 

measured with the aid of a laboratory spectrophotometer and we hoped 

they could serve as a rapid method for predicting virus adsorption. The 

results showed that no single dye or protein of those studied was able 

to correlate significantly with every virus tested. This is probably 

due to the fact that many different factors influence virus adsorption 

to soils, for example, the heterogeneity in soil constitution, 

variations in the protein capside of viruses, pH of the environment, 

concentration of cations, and soluble and insoluble organic materials. 

These variables account for the different degrees of adsorption viruses 

to any given soil. 

Examination of the correlation coefficients in Tables 14 and 15 

indicates a pattern in the indicators which are statistically signifi

cant. Cytochrome c and/or ferritin correlated significantly with the 

adsorption of all the viruses except coxsackie B3. The same pattern is 

seen with regard to soil characteristics, all variables tested, except 

precent organic matter, correlated significantly with cytochrome c 

and/or ferritin. Interestingly these two proteins possess different 

isoelectric points, ferritin is low and cytochrome c is high. This 

observation tends to strengthen the proposed grouping of virus by Gerba 

et al (1981). Ferritin appears to correlate with Group I, which has 
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isoelectric points in the range of 4-6. Cytochrome c respectively 

correlates with group II which has isoelectric points above 7 (see Table 

16)  -

Methylene blue did not correlate significantly with any of the 

viruses but did correlate with all of the soil parameters except percent 

organic matter and pH. Since the major influence on methylene blue may 

be largely electrostatic, the results suggest that electrostatic force 

is not the only factor that plays a part in virus adsorption to soils. 

Also, it may be that methylene blue may have access to additional sites 

between the layers of clays where the virus is too large to penetrate. 

Future use of amaranth as an indicator of virus adsorption is 

not promising. According to the results in Table 7, amaranth does not 

appear to adsorb tosoils. This is probably due to the negatively 

charged adsorptive sites on the soil repelling the negatively charged 

dyes. If there were cations present in the dye solution, theoretically 

this could enhance the ability of the dye to adsorb because of salt 

bridging. 

In this study our substances were chosen and evaluated as 

indicators of virus adsorption to soils. The results seem to support 

the concept of an indicator system comprised of two proteins to predict 

virus adsorption to soils. This does not mean that the best indicator 

has been found. In fact, there are many other potential indicators 

which were not studied in this research, for example, indicators such as 

charged latex beads, a mixture of dyes, 1ipopolysacharrides, and many 

other proteins. 



Table 16. Virus grouping by adsorption behavior to soils. 

VIRUS GROUPING BY ADSORPTIVE BEHAVIOR 

Group I Group II Group III 

coxsackie B4 (V216) polio 1 (LSc) f2 

coxsackie B4 (V240 echo 7 (Wallace) 

echo 1 (Farouk) coxsackie B3 (Nancy) 

echo 1 (V212) T 4 

echo 1 (V239) T 2 

echo 1 (V248) 

0X174 

MS-2 

From Gerba et al. (1981). 



Even though this study has not perfected the ability to predict 

the adsorption of different viruses to different soils, it has provided 

a two indicator system which can be used to test a soil and predict the 

adsorptive patterns of two groups of viruses. This could enable us to 

test soils rapidly to determine if they are sutiable for septic tank 

placement of land application sites. 
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