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ABSTRACT

The occurrence of human enteroviruses in ground-
water aquifer recharged with tertiary wastewater ef-

fluents.

A two=year study of the impact of human viruses
on a tertiary treatment-groundwater recharge system
located on Long Island is currently nearing completion.

Raw influents, chlorinated tgrtiary effluents, and
groundwater from beneath a uniquely designed recharge

basin were assayed on avweekly basis for the presence

of indigenous human enteroviruses and coliform bacteria.
while high'éoncentrations of viruses were roufinely iso-
lated from sewaye influents, the chlo?inated tertiary
effluents were positive for virus in only 3 of 20 samples.
In spite of the high quality effluent being recharged,
viruses were detected in the groundwater agquifer on several
occasions indicating their ability to percolate through

the recharge basin. This finding was confirmed by the

" results of two poliovirus seeding experiments carried out
at the field installation. At both high (75-100 cm/hr)
and-low (6 cm/hr) infiltration rates seeded polioviruses
were detected at all sampling levels as well as in the
.groundwater aguifer, 7.62 m below the recharge basin. It
would appear that lower infiltration rates promote bebtter
virus removal in the specific type of soil usad in thi

studyv.



l. Introduction

Increased demands for additional soufces of potable
water have resulted in the need to.supplement groundwatér
reserves. Among methods proposed to augment groundwater
"supplies are those involving recharge with renovated
domestic wastewater including: spray irrigation; over-
land flow; deep well injection; and basin recharge. The
use of wastewater in any of the above schemes of.aquifer
suéplementation.has often met with opposition because of
the potential hazard posed by the presence of the human
viruses which commonly occur in sewage (Bernard, 1973;
Gerba et al., 1975).

Laboratory studies have identified several factors
which affeét virus removal during the passage of waste-
water through soil. Drewry and Eliassen (1968) indicated
that adsorption rather than filtratiqn was the probable
mechanism of virus removal during sana or soil percolation.
Gerba et al. (1975) reported that the adsorption process
was strongly influenced by a number of factors including
the pH of recharged water, the chemical composition and
moisture éontent of the soil, and infiltration rate through
the soil. The ionic strength of the adsorbing environment
has alsc been shown'to be important in the attachment of
virus to soil particles (Duboise et al., 1976; Lance et al.,
1976; wWellings et al., 1975). Clean, dry sand was shown
to have little removal capabilities (Berg, 1973), while
moistened sand demonstrated an improved removal efficiency -

(Nestor and Costin, 1971). Drewry and Eliassen (l1968) re-
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(1975) indiéated that this;efficiency was due primarily
to their large surface area. A

While adsorption mechanisms have been the subject
of a number of laboratory studies, comparatively few
have addressed the presence of naturally occurring viruses
at operétional recharge installations. ;Wellings g&vglL,
{1975) reported the isolatién of poliovirus and. cox~
sackievirus from groundwater beneath a cypress dome used
for the recharge of secondarily-treated efflﬁehtf gchaub
and Sorber (1977) also demonstrated the sporadic occurrence
of enteroviruses in.recharged groundwater. Gilbert et al.,
(1976) were unable to detect viruses in groundwater samples
taken at the Flushing Meadows recharge project. Recently,
Vaughn et al., (in press) demonstrated the presence of a
variety of enteroviruses in groundwater aQuifers adjacent
to wastewater(recharge basins at three separate recharge
sites located on Long Island.

A major portion of the above studies were conducted
with sewage effluents which received no more than seéondary
treatment. The presént report describes the reéults of
routine viral monitoring and field experimentation at a

uniguely designed recharge installation which uses ertiary

cr

treated efflusnts.

2. Methods and Materials

A, Test Site

The site selected was located at the 1l2-Pines treatment
facility in Medford, New Vbork. The plant combines conven- .
tional primary and secondary treatment procesées‘with ter-
tiary treatment (denitrificatien-filtration) and chlorina-

tion. Tresated sswage is then discharged ince nearby recharge
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basins, or -a portion di?erted to the test recharge basin.
The physical and chemical characteristics of the tertiafy
‘effluent and the renovated wastewater may be seen in

Table 1. Thirty;yards northeast of the recharge basins

is the study facility built and operated by the U.S.
Geological Survey (Figure l). The structure is a minia-
turized versicn of the adjacent recharge basins, consisting
of a circular test basin 6.0% m in diameter (25 m2) whose
sur face is‘approximately 7.62 m above the static water
level. A manhole has been carefully constructed through
the center of the basin to a depth of 6.4 m. Within the
manhole,gravity samplers (38.7 cm? capture area) have been
constructed at depths of 0.75, 2.25 and 5.34 m which extend
0.9 m into the surrounding recharge basin. At the bottom
of the manhole, a well has been sunk into the water table
to allow testing of waters which have percolated Ehrough
the system. The test basin has been equipped with instru-
mentation for measuring water level, infiltration rate,
temperature and conductivity. The soil in the basin consists
primarily of coarse sand and fine gravel and contains an
average of 1.12% silt and clay (Table 2). The study facility
Ooperates at a normal loading rate of 40,000 1 per day and
combines the advantage of a sufficiently large operating
surface with the ability to control variations which might
be experimentally applied to the system.

B. Sample Collection

Samples of raw sewage (influent), tertiary effluent,
and groundwater from beneath the test basin were collected
at weekly intervals. Raw sewage grab samples war
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Table 1.

Chemical and Physical Characteristics
of 12 Pines Tertiary-Treated Sewage

‘Effluent and Renovated Well Water.

Turbidity (NTU)
Conductivity (umho)

pH

Total alkalinity (mg/1)
(mg/1)

Sulfate (mg/1)

Chloride
Nitrate-nitrogen (mg/1)
(mg/1)
(mg/1)
Total Kjeldahl nitrogen (mg/1)

Nitrite-nitrogen

- Ammonia-nitrogen

Ortho phosphate (mg/1)
i (mg/1)
(mg/1)
Mg (mg/1)
Ca++ (mg /1)
(mg /1)
K" (mg/1)
Total suspended solids (mg/1)

Fe
+

Mn

NaT

Total organic carbon (mg/1l)

a/ . . . ) o
— Numper 1n parentheses

Mean Values

Effluent

4.58

cl

(1.2—9.0)§/
(393+-500)
(6.10-7.20)
(48-115)
(47-64)
(28-54)
(0.07-16.0)
(0.006-0.49)
(0.06-15)
(0.9-17) -
(4.8-6.8)
(<0.05)

(0.01-0.03)

(2.7-7.8)
(15-24)

- (54-68)

(11-13)
(1-14)
(10-29)

he range of values.

Well Water

7.2 (2.5-15)
459 (389-500)
6.11 (5.2-7.1)
67.12 (31-98)
53.5 7 (50-56)
36 (29-56)
7.54 . (.09-17)
.026 (.003-.083)
.38 (.16-1.1)
2,27  (.6-10)
6.07 (4.8-7.0)
0.05 (<0.05-0.1)
.078 (.02-.15)
4.26 - (2.6-7.0)
21.37 (17-33)
59.12 (54-68)
12.87 (12-14)
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Table 2. Percentage of particles in each size range
in soil samples from unsaturated zone
below test basin. - . '

(all values in percent)

Particle diameter, . . Depth below basin surface (m)
in millimeters 0.75 2.25 5.34

Silt and clay 0.30 0.75 1.2
<0.0625 ' )

Sand
0.0625-0.125 0.4 1.8 1.6
0.125-0.250 3.3 23.5 10.9
0.250-0.5 14.1 27.5 25.2
0.5-1 36.4 25.8 36.3
1-2 13.4 4.1 6.2

Gravel :
2-4 6.9 4.2 4.3
4-8 6.4 4.1 4.3
8-16 9.6 8.0 6.2
16-32 9.3 0.0 3.5
32-64 0.0 0.0 0.0




groundwater (400 1) samples were.collected in sterile

220 1 tanks (Plast-i-cube, Greif Berhers.Corp.). Between
collections, tanks were thoroughly rinsed with tap water,
sanitized with 0.12 ﬁ hydrochloric acid (thirty minutes),
and rinsed once again Qith tap water. Ihmediately before
collection at each site, tanks and pumping equipment were
rinsed with 40 to 80 1 of water to be sampled. These pre-
cautions were taken in order to obviate the chance 6f
cross-contamination between samples.

C. Virus Concentration Procedures

Viruses in raw sewage samples were concentrated by an
inorganic flocculation procedure (Farrah et al., 1976).
The resulting concentrates (20-50 ml) were supplemented
with 10% fetal calf serum and stored at -72 C.
Viruses in large volume water samples were initially
- concentrated by means of an Aguella Virus. Concentrator
(Carborundum Corporation) using a series of prefilters to
remove debris. 7Viruses were adsorbed to fiberglass depth
cartridge filters (K27)}ahd an epoxy-fiber glass-asbestos
filters (1.0 and 0.45 um Cox) at a pH of 3.5 and 0.5 mM
AlCl; (Farrah gt al., 1976). Elution.of adsorbed virus
was carried out with 2 1 volumes 0.1 M glycine at pH 11.5.
Eluates were then neutralized to pH 7.5 in an egual volume
of pH 2.0 glycine. The concentration procedufes routinely
yielded a 4 1 volume which was reconcentrated in the labora-
" tory by means of an inorganic flocculation procédufe (Farrah
et al., 1976) to a final volume of 50-100 ml. After the
addition of 103% fetal calf serum, samples ware stored at

-72
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D. Isolation and Identification

Viral enumerations from field samples were carried
out on monolayers of low-passaged Buffalo Green Monkey
Kidnéy Cells (BGM - Microbiological Associates), which
were grown on minimum essential medium with Hanks balanced
salt solution supplemented with 10% fetal calf serum. .
Five-tenths ml sample volumes were placed on cell mono-
layefs in 25 cm2 flasks, and incubated for'I hr to facili-
tate virus attachment. After decanting excess sample
material, cells were overlain with 4 ml neutral red agar
medium (Melnick and Wenner, 1964), and incubated at 36 C
under 5% CO; for a period of 10 days. Daily readings were
taken to.determine the presence of viruses which appeared
as plagues. Following the incubation period, plagues were
picked and enriched on monolayers of BGM ceils propagated
in twenty-four well cluster dishes (Costar). 1Isoclates were
identified in microtiter plates by serum neutralization
techniques (Melnick et al., 1973) using enterovirus typing

pools.

E. Coliform Studies

In order to correlate virus data with a recognizable
biological pollution indicator, total and fecal coliform
numbers were determined for all samples collected. Coliform
enumerations were carried out using standard "most probable
number" methods (Standard Methods, 1976).

F. Basin Seeding Experiments

On two occasions, effluents entering the test basin were
seeded with poliovirus type 1 (LSc) in order to asséss the
virus-removing capacity O

vi C

4]
(0]
3
0
(]
3
r
g
o)
¢
}
Q
=
n
=)
5
(0]
'O
L
(@]
O
m
oy
[}
o1
1))
ur
]
(@]
[t
1™
3}
9]
~y
D
s
I(J
(0]
[
b
=3
1]
]
Cr

Q

]



differed and will be described separately.

a) Experiment #1

Monodispersed poliovirus (LsC) stocks were propagated
on monolayers of Buffalo Green Monkey Kidney cells (BGM) |
in Biéke bottles according to the procedures déscribed by
Jakubowski et al., (1975). Poliovirus was added to 8500 1
of unchlorinated tertiary-treated wastewater entering the
previously drained basin . ' Viruses were inoculated ﬁﬁroﬁgh
an injection pipe which assured uniform distribution of virus
particles. The final conceéntration of poliovirus in the
seeded effluent was 7.0 x 10% PFU/1.

The.seeded effluent was allowed to drain (infiltration
rate = 6 cm/hr) to a depth of 4-6 cm above the basin floor
before resumption of normal recharge procedures with un-
seeded tertiary effluent. The intention of thié manipu-
lation was the production of a "band" of water .containing
high numbers of virus whose prdgress through the basin cculd
be traced, |

Samples for virus assay taken during the experiment
included: tertiary sewage (40 1) and observation well water

(

159

o

0 1) samples taken prior to virus seeding in order to
supply background information; 2 1 composite samples col-
lected at intervals from the gravity samplers located at
0.75, 2.25 and 5.34 m depths'in the basin; observation well
samples (400 1 each) taken at intervals for a period of

several days. Large volume samples (40-400 1) were processed

using previously described virus concentrator methcds. Virus
carticles in 2 1 gravity samples were concentrated via an
inorgenic flogculetion methcod (Farran et al. 1976).




21l samples were assayed on monolaYers of BGM .
cells using a plague overlay technique. Because of
the low numbers expected, 9-10 ml volumes of each
sample reconcentrate were analyzed for yirus content.

b) Experiment 2

The initial seeding experiment was carried out at

an infiltration rate of 6 cm/hr. The second experiment

was designed to assess the effects an increased infil-
tration rate would have on virus removal in the basin.

For several weeks preceding the experiment, the basin
received no effluent which promoted moderate drying.

One week before the experiment, the previously clogged

top 2.5 cm of basin bottom Qere removed and replaced

with clean sand. As a result of these measures, an in-
filtration rate of 75-100 cm/hr was realized. 2 4000 1
unchlorinated effluent sample was seeded with poliovirus
(LSc) and allowed to drain- through the basin as before.
Normal recharge operations were then resumed. Becauss 0Of
the rapid infiltration rate, 1 1 gravity samples were
taken at intervals which were determined according to the
movement of the seeded "front" through the basin. within
an hour of the passage of the "front" through each of the
sampling levels, interval sampling was curtailed in lieu
of large volume composite samples, which were collected at
each level over a period of 2-3 hours. Viruses contained
within these samples were concentrated by an organic floc-
culation method (Katzenelson =2t al., 1976). Groundwater
"samples (380 1) were élso collected during the experiéent
and processed through an Aguella Virus Concentrator using

eef ewkract slution meinod (La

e

a modified 3%

in press).
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Table 3.

Sample No.

al

A8
ALl
" ala
Al6
A20
A23
A24
A29
32
A3S
A36
A4l
A42
A45
n48.
AS53
AS6
A59

a . . .
PFU-plague forming. units.

Enterovirus and Coliform Isolations from-
12-Pines Raw Sewage Influent.

Date
Collected

11/10/76
12/2/76
12/6/76
1/21/77
5/6/77
5/11/77
5/18/77
5/24/77
5/26/77
6/2/77
6/7/77
6/20/77
6/27/77
7/13/77
7/18/77
7/27/77
8/2/77
8/8/177
10/11/77

Coliforms/100 ml

nb'

I

W N N [
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Total

6

.6x10
.1x10
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Fecal

4.6x106
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.6x106



'samnle No.

A2
A9
A3
a7
Al2
A1l7
219
A22
A25
A28
A3l
A34

A38.

240
Ad4

Ad6

A49
A52
AS55
A58

a . . .
PFU-plaguc forming units.

Enterovirus and Coliform Isolaticns from

12 Pines Tertiary Sewage Effluent.

Date

. Collected

11/10/76

12/2/76
11/10/76
11/29/76
12/6/76
5/6/77
5/11/77
'5/18/77
5/24/77
5/26/77
6/2/77
6/7/77
6/20/77
6/27/77
7/13/77
7/18/77
7/27/77
8/2/77
8/8/77
10/11/77

. Virus

PFU® /gal

-
(8%}

_Coliforms/100 ml

OOOOOOOOOOOOOO»P—OOOKOV(I)

Total

6
.8x10

1

.3x10
.3xlO5

<3



Table 5

Sample No.

A4

AS
A6
AlQ
Al3

Al5

Al8.

A2l
A26
A27
A30

A33

A37
A39
A43
A4
A50
A51
AS4
A57
A62

i
3

Enterovirus and Coliform Isolations
12 Pines Renovated Wastewater

rh
(8]

(Groundwater Observation Well).

Collected

Date

11/10/7%
11/18/76
11/29/76
12/2/76
12/6/76

- 5/6/77
5/11/77

5/18/77
5/24/77

5/26/77
6/2/77
6/7/77
6/20/77
6/27/17
7/13/77
7/18/77

7/27/77

8/2/77
8/8/77

10/11/77

10/18/77

10/24/77

10/31/77

Virus

w

°

O 0O @ 0O NN O O O O O O O O O 0o O N O O O o v
0w ‘ X

(80]

o

XS]

".2.4xlO

x2.8xlC

Coliforms/100 ml

Total

9.3x102

4.3x102-

w

9.3x10
4.,3x10
1.2x10

NN

4.9xlOl

7.5%10

4.3x10°

™

1.1x10°
2.4x%10

2.5x10
2.1x10

4.3x%0

= W N

NWw W e W

Fecal
1
9,.6x10

3
4.,3x10
4.3xlO2



Tertiary effluent was applied to the basin for a period
of 5 hr. All samples were analyzed for virus content as

previously described.

3. Results

A. Enumerations from field samples

The treatment system under study was operating at one-

Q

uarter to one-half capacity during the sampling period
described below. It was therefore often necessary to sup-
plement the raw sewage entering the treatment plant with

h water. This process introduced a dilution which was

H\

res
reflected in virus and coliform counts from influent and
-effluent samples.
As would be expected, raw influent samples routinely

vielded large numbers of viruses and coliform bacteria

(Takle 3). A significant reduction in iseolation freguency
was noted in the Lrealbed effluent (Table 4), where viruses -
were detected on only threo occasions. In spite of the in-
frequency of isolations from e‘fluenus viruses were detected
in the groundwater beneath the recharge basin on six occasions
(Table 5) indicating the ability of viruses to penetrate the

basin. . Little correlation was oObserved between viras and

i

coliform occurrences in most of the samplss analvzad,

,..
I
‘...l
[
[o 1)
Fh

iruses ide rom raw influent and tertiary
effluent included: Policvirus types 1 and 2; Ccxsackievirus
types 216, B2, B3, BS, and B6; and ECHO virus types 18, 21,

25, and 27. To date, only one of

f the groundwater isolates
has be vositively identified as being Poliovirus type 2.
_l:’)_




B. Basin Seeding Experiments

"Experiment F1

Table 6 summarizes the data‘resulting‘from the.
first seeding,experiment which was carried out at a low
infiltration rate (6 cm/hr). Significant reduction in
viral numbers resulted from passage through tﬁe,recharge
basin, the greatest removals occurring between the 2.25
and 5;34 m level;. In spite.of these encoﬁraging removal
rates, some virus particles were apparently able to pene-
trate the entire length of the basin. Peaks in viral
numbers were noted between 6 and 10 hours after seeding
in the 0.75 m level (level 1); between 11 and 24 hours in
the 2.25 m level (level 2); between 23 and 25 Hours in the
5.34 m lavel (level 3): and at 24 hours in the observation
well (level 4). The almost simultaneous appearance of
virus in thHe first two levels within three hours of seeding
suggested that the virds—laden band of wastewater did not
move uniformly between these levels. There was evidence of
consistent virus moVement from'leVel L to level 2, but only
a brief period of movement from level 2 to level 3 (occur-
ring between hour -23 and 25). Few viruses were shown to
have successfully moved from level 3 to the groundwater
aguifer {level 4). |

Experiment =2

The second experiment indicated that decreased wviral

retention occurred as a result of high infiltration rate




Table 6.

Depth Below Surface

The recovery of poliovirus at various depths during

sewage recharge at a low infiltration rate
L . L 4
Initial Seeded Virus Concentration = 7x107.

Sample

of Basin Floor {m)

0.75 (Level 1)

\]
o
[\

L
T

Time of Collection
after Seedinqn(hr)

W N

[63]

DOwWw N = O N O

N O R N R A - T PC I O Ry Vo T o o B N o A N 1

N

[}

[e)]

~J

.

B W N

- NN
~N wm w N N O W W O O

N
W = O
[

28

o s

o v W»m
| !

oW N

.25
.00
.63
63-6.66

.6b=-8.53
.53-9.25
.25-10.08
.63-24,25.
.81-29.33
.26-2.91
,91-3.61
.61-5.26
.26-7.66
.66-10.08

08-11.16

.16-11.91
.68-24.33
.78-29.41
.83-9.41
.41-11.91
.83-25.08
.75-29.83

(6 em/nr) .

Virus PFU/Z

0

0
7.90
16.90
20.00
15.70
125.25
1.90
3.70
5.45

3.18
3.60
11.60
2.20
23.30
1.59

19.50

38.20

0 o 0O o O 6
c w
(9]

o
(6]
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Table 7. The recovery of poliovirus at various depths during
sewage recharge at a high infiltration rate (752100 cm/hxr).

Initial Seeded Virus Concentrations = 1.84 x 107 /¢.

Depth Below Suxface ‘Sample # Time of Collection Virus 4
of Basin Floor (m) after Seeding (hr) PFU/2 (x10°)
0.75 (Level 1) 1 0.60~0.81 © 78.00
" 2 0.86-0.91 ' 97.50
u 3 1.03-1.06 | 26.50
" 4 1.20-1.23 _ 1.46
¥ 5 1.41-1.45 1.94
" 6 1.58-1.61 1.22
8 7 1.75-1.78 | 0.79
" 8 2.00-2.03 0.90
" 9 1.41-2.45 0.03
2.25 (Level 2) 1 1.20-1.30 ' 2.44

“ ' 2 1.41-1.50 o 8.58
" 3 1.58-1.63 . . 6.70
" 4 1.75-1.81  5.40
] 5 2.00-2.08 1.81
" 6 2.25-2,31 | 1.38
" 7 2.50-2.56 0.31
" 4 . 8 2.58-3.86 . 0.05
5.34 (Level 3) 1 1.78-2.15. 8.82
" 2 2.16-2.28 0.54
" 3 2.33-2.41 0.27
" 4 2.50-2.55 1.81
" 5 2.81-2.85 10.10
" 6 3.00-3.03 9.80
" 7 3.28-3.31 . 3.32
" 8 3.50-3.53 1.95
" 9 3.53-4.02 0.12
7.62 (Level 4) 1 2.50-2.55 0.11
" 2 4.,66-4.83 0.001




from level 3 may have resulted from channeling through
portions of the basin. Reduced numbers of virus were
recovered_frdmlthe aquifer‘(level 4). The reduction was
likely caused by virus dilution<following entrance into

the groundwater table.

4. Discussion

The recent development of improved virus-concentrating
methods has greatly facilitated the routine isolation of
human viruses from large volumes of water. Such methods,
‘however, cannot guarantee a 100% efficiency of virus con-
centration. The field data presented in the preceding sec-
tion must therefore be considered to be representative of
the minimum numbers of virus in each sample. The inability
' to'detect viruses within the constraints of our testing
system cannot preclude the possiblity of virus occurrence
in very low concentrations.

urrently practicea sewage treatment methods cannot
insure the removal of all human viruses, and their isola-
tion from treated wastewater effluents has been the subject
of numerous repbrt (Buras, 1976; Clarke et 2l., 1951;
Metcalf éE al.,, 1972). The presence of these organisms has
been vicwed as & potential health hazard tc wastewater reuse
operaticns, especially those involving grcundwatér recharge
(Bernard, 1973; Berg, 1973; Eori et 2l., 1970). To date,

relatively few ficld studies have bheen carried out which

-

addressed the question of naturally occurring viruses in

[¢]

wastewater recharge systems (Cilbert st 2l., 1%7€; Schaub

T Y - - . 1 (9 Tariied 37 s e M =1
/3 YWellings et al 1295; Vaugin et al




removal in
were detected

casions

‘tertiary effluents were shown to contain few virus par-

ticles.

the study area cannot be commented upon,

echargad

.. 1
wlith

z information concarn

2reiaxr

.
Ry

but two pre-

luent.

vious reports have indicated the possible horizontal

movement of viruses through groundwater aquifers (wWellings

2k

al.

1975;
Data from field
of the basin seeding

virus

grounéwater aquifer (Note: Preliminary field data from this

laboratory indicates that poliovirus

readily to soil surf
virus group [Vaughn

may therefore repr

Vaughn

et al.,

t al.,

studies

experiments.

aces

ent a conservative medel.)

in press].

in press).

Basin seeding data

than other members of

were verified by the

the entexo-

>
pe

in rechargad groundwater on several oc-

during field sampling in spite of the fact that

The progress of aquifer-entrained viruses in

esult

type 1 was shown to be capable of penetrating the

=

2

type 1 may adsorb more

In both instances, polio-

"of the two experimants indicated that lower infiltration rates

resulted in a greater efficiency of virus removal during basin

percolation of tertiary effluent. The result is in accordiwith

those of Lance et al. (1976) who reported efficient virus

removal during the low rate (15-55 cm/cav passage of sewage

thr ouuh soils which contained slightly higher levels of clay

and silt than those described in this report 3% lay, 8% silt).
The results of the presant study indicate that infiltra

tion rats shiould be an im;dr:é; consideration for basin re-

charge owveraticn,
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