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THIXTY-FIVE YEARS OF USE OF A NATURAL SAND BED

FOR POLISHING A SECONDARY TREATED EFFLUENT

INTRODUCTION

When the Lake George Village Sewage Treatment Plant was con-
atructed in the late 1%30's, iaﬁs were already in effect preventing
the discharge of any sewage, raw or treated, into the waters of
Lake George‘cr into any streams discharging into this beautiful.
recreational lake. Therefore, extra steps were taken to ptovide
for "complete" treatment of the sewage. The b#sic treatment
plant is not unusual, consisting of circular Imhoff tanks provid-
ing for primary sediméntafion'and sludge digesﬁian, trickling
filters, and secondary sedimentation of tha trickling filter
effivent. Ths uniqua porticn of the plant, other than its dual
pumping system lifting the sewage approximately 200 feet from the
collection point by the lake to the treatwment plant, is the dis-
charge of the effluent from the secondary sedimentation tanks
directly onto natural sand beds without chlorination. The sand
‘beds were determined to be “more than 25 feet in depth. “The
final effluent becomes groundwater, which in all probability,
seeps eventually to some water course as a highly purified liquid
which canﬁot be identified as a sewage effluent," (3}

When the original treatment plant was designed and construct-
ed, the population estimates for the area varied from approxi-
'mately 1500 persons in winter to about 5000 at the peak of the
summer season., In order to allow for this approximately three~
fold change in population, the treatment system was buillt essen-

tially in triplicate using one-third of the system for the winter~
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time flows and the entire plant for summertime flows. The pre-

sent population estimates (1) being served by the treatment system

are 2100 persons in winter and 12,300 in summer. initially, there
were six sand beds with a total area of approximately 72,000 square
feet (6,690 square meters). Presently, there are 14 sand beds in
the area where the original six were located and an additional
seven sand beds at a higher elevation above the primary settling
tanks. The total area of these combined beds is 6.4 acres (2;6

hectares). A general layout of the plant is shown in Figuré 1.

PREVIQUS STUDIES

When the original plant was built, the primary concerns in
sewage treatment were the disposal of the liquid effluent and the
sanitary quality as measured by the coliform count. 'Twentyvfive
feet of soil was considered adequate to remove the coliform
bacteria which also meant the absence of pathogenic bacteria.
However, no tests had ever been performed to show positively the
removal of coliforms by passing through the sand beds. In recent
years we have realized that sanitary quality is not the only para-
meter by which to judge the efficiency of a treatment system.
Nitrogen and phosphorus compounds are frequently limiting nutrients
in a lake. Therefore, it is expedient to be sure that the inputs
of nitrogen and phosphorus to Lake George are kept to a minimum,
In order to determine the potential discharge of these and other
substances into Lake George, studies were performed in the sand
beds during the late 1960's by students at RPI. Wells were in-
stalled in beds 7, 11, and 13 (see Figure 1) at depths of 5, 10,
15, 20, and 25 ft. (1.3, 3, 4.6, 6.1, and 7.6 m). Bed No. 7 was
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an extremely slow bed and took up to a week to dry. Bed 11 was
a fast bed in that the water percolated away in a day or two.
Bed 13 was chosen because it had had only limited use since the
plant was built due to the fact that the control valve for this
bed is accessible only through a manhole. Vélves for the other
beds are operatéd from above the ground.

It was found that no sample could he secured from bed 7
and that samples could be secured from the wells at the 5 and 10
fr. depths only in beds 1l and 13. It was considered that the
securing of samples at the 5 and 10 ft, depths indicated a con-
tinuous water column to these depths, but that by the time the
water percolated 15 ft. down into beds 11 and 13, the water ba-
cama dispersed and could not be pumped directly.

The regults of these studies are summarized in Figures 2
through 10.(2) Figure 2 shows the concentration of coliforms in
the applied effluent and in the percolate at the 5 and 10 ft.
depths in bedslll and 13. I may be seen that essentially all of
the coliforms are removed in the first five feet of the bed depth.
The similar BOD removal is shown in Figure 3. The influent EOD
vhich varied at about 40 mg/l was reduced to less than 8 mg/l
at the 5 ft. depth and to less than 2 mg/l at the 10 ft. depth.
This indicates very satilsfactory BOD removal. The chloride con-
centration with depth in the two beds is shown in Figure 4.
Essentially there is no significant reduction in the removal of
chlorides with depth. The overall rednction with 10 ft. of depth
in bed 11 was 5% whereas in bed 13 it was 10%. The organic nitro-

gen content is shown in Figure 5. It may be seen that essentially
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all of the organic nitrogen was ramoved within the first 10 ft.
of the filter hed, Tﬁe ammonia nitrogen, on the other hand,

as shown in Figure 6, was vemoved only to an extent of about 807%
in the fivst 10 ft. of the sand beds. Since the removal appears
to be nearly linear, it may bé estimated that nearly complete
ammonia removal could be accomplished with an additional 5 ft. of
depth of sand or 15 ft. total. Whereas the results of the ni-
trate determination varied considerably (Figure 7), the concen~
tration did appear to increase slightly with depth. There was

no quantitative balance between the reduction of ammonia and
organic nitrogen and the increase in nitrate nitrogen. However, it
may be concluded that there is an overall oxidation procesgs in-
volved in converting organic and ammonia nitrogen to nitrate.

The phosphorus analyses were the only cnes which showed a
significant difference between beds 11 and 13. The polyphosphate
concentration in the two beds ils swmmarized in Flgure 8. There
seemsz to be some significant reduction in polyphosphates in the
Eirst 5 ft. of bed 11 but little further reduction between 5
and 10 ft. in bed 11. Bed 13 showed no significant change in
polyphosphate concentration. The orthophosphate, on the other
hand (Figure 92), showed no reduction with depth in bed 11 and
even a slight increase at the 5 ft. depth. In bed 13, which was
iittle used, there was a significant reduction in the first 5
ft. but ne further reduction in the second 5 £, of bed depth.
The total phosphate results are similar to those of the ortho;
phosphate, as shown in Figure 10, It was concluded that, for

the depths studied, bed 11, which had received considerable use,
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had reached a saturation point for adsorption of phosphorus,
whereas bed 13, which had received little use, still had an active
phosphorus adsorption capacity,

The original plan for the previously described studies ﬁas
to install a series of wells in and around the treatment plant
in order to determine the direction of flow of the treated effluent
which was applied to the percolation bed. However, it was real-
ized that this would invelve a large number of wells and was
deemed infeasible at that time. In another attempt to determine
the flow of the effluent through the ground, resistivity studies
were performed in the area around the sewage treatment plant.(3)
The results showed (Figure 11) that the path of least resistance
flowed first in a slightly eastward direction and then turned
northward along Gage Road to West Brook. The resistivity studies
had to be discontinued beyond this point due to interferences
caused by the underground piping of houses_located-across West
BRrook.

Gage Road crosses West Brook approximately 2000 ft. (600 m)
north of the lower sand beds of the treatment plant. The lower
beds, 13 and 14, are 472 ft. above mean sea level (amsl), whereas
West Brook is at 339 ft. amsl where it passes under Gage:Road.
The level of the surface of Lake George is 319 ft. + 1 £t amsl.
There is a steep hill on Gage Road in the Immediate vicinity of
West Brook. The hill is approximastely 60 ft. in height above

the surface of West Brook.

PRESENT STUDIES

On April 17 and 23, 1973 walking survevs were made of the

w15 -..,
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southern banks of West Brook at the base of the steep hill as
shown in Figure 12. West Brook flows in an easterly direction
at this point into Lake CGeorge approximately 1/2 mile farther down-
stream. Immediately west of Gage Road, there is a small tribu-
tary which flows into West Brook. The flow from this small stream
was estimated to be in the order of one-half million gallons per
day. Observation was made of the source of this tributary and
it was found that all of the water comes out of the ground at
the base of the aforementioned hill on the south side of West
Brook up to a lavel of approximately 5 ft. above the level of
West Brook. During these surveys, the corductivity of the water
emanating from the ground at the base of the hill was consider~
ably higher than that in West Brook. Alse, the conductivity in
West Brook was measurably increased from a point above the in-
fluent of this tributary to a point below it. Proceeding east~
ward from Gage Road, slightly farther downstream, additional
seepage was noted coming from the base of the hill and flowing
into West Brook. A small intermittent stream was followed part
way up a small valley which proceeds up to the rear of a motel.
The water in this ditch was extremely high in dissolved solids.
It must be pointed out that there is a highway department garage
located on the top of the hill just above this intermittent
stream, It was these findings which prompted the more detailed
studies which are contained In this report.

In response to the recommendation of the Villége engineer,
Rist-Frost Assoclates, funds were provided by the Village of Lake

George and with the ald of manpower from the New York State De-
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partment of Environmmental Conservation, wells were located in
and around the area as shown in Figure 13. Well 1 is in approxi-
mately the center of the lower seepage bed No. 4. Well 2 is
located approximately halfway down the steep portion of the slope
just south of West Brook and west of Gage Road. Well 3 actually
consists of three wells, A, B, and € and just recently Well 3D
has heen installed. The three wells secure water from three
different depths: Well 3A being very near to the surface, 3B
being approximately 1l ft. deep and Well 3C being 21 ft. deep.
Wella 3 are located adjacent to where there is a significant
sespage of water from the base of the hill close to West Brook.
Well 4, intended to be installed upstrean from all potential
sources of groundwater contamination, north of West Brook, near
Sewell Road and close to the Northway, was never installed due

to encountering rocks before water level was raachedl Well 5 is
located near the center of upper sand bed No. 3. Well 6 is lo-
cated just south of Prospect Mountain Road, slightly west of the
entrance road te the sewage treatment plant. There are no wells
numbered 7, 3, and 2. Well 10 is located in the field slightly
ezxst of rthe sewage treatment plant and was intended to represent
uncontaminated groundwater. The samples designated West Brook
upstream were taken where Sewell Road crosses West Prook and

the samples designated West Brook downstream were taken sufficlent-
ly far downstream from Wells 3 in order to insure adequate mixing
of the drainage which enters West Brock near Wells 3. Specific
data for the wells are summarized in Table 1 and Figure 14.

Approximate surface, groundwater and bedrock elevations of several

18-
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TABLE 1 ELL DATA

Surface Ground Water Bottom of Bedrock
Elevation Elevation Foint Elevation

Well 1 475.0 415.66 407.80  405.0
Well 2 375.40 359.22 352.13 306
Well 3A 339.90 339.74 336. 44 314
Well 33 339.90 340.01 3292.06 | 314
Well 3C 339.90 340.08 321,23 314
Well 3D 339.90 340 314 314
Well 4 - - - -
Well 5 495,37 480,98 379.40 477.40
Well 6 458.7 397.6 370.68 360.0
Well 10 462.73 441.7 438.91 438,91
West Brook 348.0 - -
at Well 2
West Brook 334.9 - - -
at Well 2

2T~
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sections (see Figure 13) are shown in the Appendix (Figures Al -

A4).

RESULTS

Samples were secured from the various locations in the
area during the spring and summer of 1973. These results are
summarized in Table 2. In addition to the data shown in Table
2, measurements were made of the depth tc water tablé in each
one of the wells. Also, étudies of the virus content were made
in one set of samples, as will be discussed later. The results
of Table 2 may be separated into three categories: (a) the temper-
ature and DO indicate the condition of the water in the ground,
(b) the dissolved solids, pH, alkalinity, and chloride may be
used to indicate the relationship to the sewage effluent dis-
charged to the ground, and (c) the phosphorus and nitrogen in-
dicate the nutvient transpori to that point and/or dilﬁtion by
the available groundwater. |

(a) Groundwater condition.

In general, the temperature of the groundwater de-
creased with depth and distance from the sand beds. Well 1 had
a lower temperature when the bed was dry. This indicates the
direct effect of the sewage effluent on the bed., Well 3 de-
creased in temperature with depth. This indicates the effect
of close contact of the water nearer the surface with the warm
air during the time of sampling and/or the possibility that the
warmer sewage effluent remained nearer the surface of the ground-

water. The one anomaly is the high temperature in well 10 on

w23



TARBLE 2 SUMMARY OF RESULTE OF WATER TESTING

Tot. Total
Diss. Sol. Tot., NOg- NHz~  Kjeldahl
Temp. D.0. Solids Alk. cC1 P P N N N

Date Location Time °C mg/l mg/i pH mg/l mg/1 ng/l pg/l mg/l  mg/l mg/l

Y/37773 West Br.Upstr. L0 11 18.5 0.182 0.0325 0.083

' West Br,Dnstr. 70 7.2 1i.,k 0.525 0.0652 0,181
Seepage 250 ' 92 110 = 6.250 0.0299 Interfer,

Ab. Gzge R4,
Seepage 320 16.6 142 8.210 0.02378 1.030

Below Gage Rd.

1/25/73 Hest Br.Upstr. 80 7.7 8
W.B. Bel.lulwvert - 7.8 10
Wast Br.Downsir. - 7.7 13
Seep.Ab.Gage Rd. 195 7.9 26
Pond Ab,Gage Rd. 160 7.3 25
Seep.St. @ W.B. 125 7.2 22
Pool Bel.Gage Rd. 300 7.2 -
Seep.Bel.Hol.Inn . 550 7.3 153

A



Date

6714773

6/26/73
Wall 1 {%)

Well 5 {D)

)

7/6/73
Well 1 (F)

Well 5 (D)

TABLE 2 (CONT'3)

W

Well 3C

et
[
=]

el

£IUT T

iy ink.
STp ©Bff.
Hell 2

Well 3A
Well 3B

Well 3C

STP Inf.

STP Eff.

Well 2

Well 3A

Wall 3B

HWell 3C

West Br, Upstr.

West Br. Dnstr.

]

5 OF WATER TESTING

Tot.,
Diss, Sol.
Temp. 5.0, Soiids A1k, Cci ¥
Time oL mg/l mz/1 PH g/l o wz/l pg/l
1100 1i.8 3.4 130 6,6 87.3 it 237
i21b BRI 12.7 180 7.8 k7.4 28 25,2
1230  18.u 5.0 350 7.3 33,8 u43 2.1
1230 15.1 4.6 3560 7.3 223 1515) 32,1
1236 14,3 3. 330 7.3 173 53 2%.9
115¢ 280 7.8 ug 4,550
1155 130 8,7 1 7,680
1215 396 7.6 26 28,1
1230 330 7.1 -~ 33,9
1235 320 7.1 59 30,8
1240 290 .9 59 27,4
10us 20 - 240 7.02 161 35 4,010
i215 20 2.8 200 6,54 1068.5 33 3,070
1115 i1.¢ it.8 iB5 7.62 139 28 27.9
13135 18,5 4,5 350 7.26 382 41 42,0
1isg 15.2 2.6 320 7.00 182 53 19.5
1150 14,3 3.0 285 7.00 173 53 20.3
1245 13.5 11.¢ 52 T.48 33.3 9 117,65
1185 13,5 10.8 88 7.45 56.7 15 70.4

2,717

16,318
11,960

[Xe]
R

I

oM
-

R,
&

1

3,585
1i.194
0,207
1.846

Total
Kjeldahl

0. 0245
G.0584
0.0874

0.0271

0,106

0,060%
0.103

Y4



Date
7725773

8/18/73

TARIE 2 (CONT'D)

Location
8TP inf,
STP EfF.
well 1 (¥)
Well 2
Well 3A
Well 2B
Well 3C
Well SCu(D)
Well B
wWell 16
West Br, Upstr,

West Br., Downsix.

STP Inf.
STP EFE,
Well 1 (D)
Well 2

Hell 34
Well 3B
Well 3C
¥ell 5Cu(F)

SUMMARY COF RISDLTS OF WATER TESTING

Diss,

Temp, DB.G. Solids Ak, C1i
Time ag mg/l mg/l pH mg/l mg/l
1050 22.5 - 250 7.30 186 35
1iz2¢ 22.9 2.4 2312 6.63 1%0 32
1145 17.0 5.6 210 5.66 88 36
14356 1i,.5 3.4 180 7.80 128 30
1525 20,4 3.2 310 7.22 276 -
1525 19,2 L.9 330 7.43 175 71
153G 15.0 2.2 300 7.05 151 57
1085 20.0 5.8 82 65,63 3] 8
13310 13.¢6 2.8 210 8,88 178 35
1235 23.4 3.4 43 6,452 Lz 10
1555 14,5 a.,6 75 7.63 2.7 14
1535 1L.1 9.6 . 115 7.71 69.1 21
1410 24,9 2.3 232 6.88 1h2 38
1435 24,5 1.3 240 6.53 150 35
1200 1i8.4 6.3 230 6.61 a6 L2
1035 12.¢ 9.8 185 7.65 122 33
1128 18.3 4.3 a0e ?.19 290 43
1130 18.0 5.4 360 6.99 182 112
1135 14,3 2.7 300 6.80 159 67
1345 23.6 1.7 138 6,08 75.7 35

Tot.
Sel,

ug/l

5,2u0
3,275
377
28.2
37.2
26.8
25.4
686
16,1
41,4
18.3
19,7

4,093
4,310
597
17.9
29.9
16,3
18,0

Total
NOq- Kijeldahl
N N
mg/1 mg/l
8,200
1.580
1.196  3.713
2.350 0.1u38
0.133 0.5755
9,139 0.393
10,829 0.0869
21.320 0.712
4,592 3.948
0.358 1.150
0.153
3,218
17.819
12,722
14.378 0,102
2.798 0.02u5
0.478 0.1478
9,730 Tr.
10.504 Tr,
2.516 0.533




Date

8/38/73
{ Zont'd)

NOTE:

TABIE 2 (CONT'D)  SUMMARY OF RESULTS OF WATER TESTING

Tot. Total
Diss. Sol. NOg- Kjeldshl
Temp. D.O. Solids Alk. ci P X N
Location Time ¢ mg/ 1 mg/1 pH mg/1 mgll aug/l mg/l me/1
Well 6 1110 iz.1 6.6 162 8,73 106 az 13.0 3.627 3,645
Well 1D 1225 14,0 6.0 Qs £,50 i, 8 21 8.4 3.084 0.337S8
West B, Upstr. 1050 11,6 180.9 0 7.7% 4.8 17 12.5 0. 439 &.0695
West Br», Dnstr, 1125 12.7 1¢.2 120 7.54 83.5 29 14,7 1,878 ©.0283
Across Sewell Rd. 1325 12.0 8.9 90 7.2% 6l.7 23 15.2 0,237 0,0535
Tor Wells 1 &€ 5 {in sand beds}: T = sand bed Flooded
D = send bed dry {not flocded)
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July 25 which may be an error in recording the data. It may be
noted that West Brook is a cold water stream, never exceeding
159C during the period of this study.

The presence of dissolved oxygen (D0O) is considered des~
irable for the efficlent treatment of sewage effluent discharged
into the ground. In general, the DO increased with distance from
the sand beds. Well 2 always had a high DO. Well 3C always
had a lower DO than 3A. West Brook was nearly always saturaﬁed
with DO at the upstream locatlion, but on several days a measur~
able decrease in DO was noted at the downstream location. This
i1s attributed to the mixture of the emergent lower DO ground-
water with the water of West Brook.

(b Similarities to treated sewage effluent.

The dissclved solids are high in the water seeping
out of the ground at the base of the sand hill. This seepage
enters West Brook at two major locations, one immediately up-
gtream from the culvert under Gage Road, and the other just
slightly downstream fxrom the location of Wells 3, The tributary
above Gage Road is estimated to be in the general order of 0.5
million gallons per day. The lower stream, which is higher in
dissolved solids, has a flow in the order of 100,000 gallons
per day. West Brook, at this time of year as measured at the
gaging station downstream from all of the locations indicated in
the map in Figure 13, was in the order of % mgd. Thus, it may
be seen that in the order of 10 ~ 15% of the flow of West Brook
is added from the two seepage streams in the area of Gage Road.

This inflow is reflectéd in the dissolved solids content of West
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Brook., Theldissélved solids varied between 49 and 75 mg/l at

the upstream locaticn, and from 70 to 120 mg/l at the downstream
location. 1In all cases there was an increase which varied between
20 and 50 mg/l. Timewise, the dissclved solids in West Brook
increased from April through August. The increase from upstream
to downstream was greater during August. This is due somewhat

to the fact that the stream flow in West Brook was less in August
than in April but the amount of seepage secemed to be somewhat
greater beginning with the July 25 sampling. Very definitely,

the area around Wells 3 was more moist during the July and

August sampling than it was during the June and early July sampl-
ing. It appears that the seepage flow increases during the

time when the population and thus the flow at the sewage treatment
plant also increases. 1In genersl, the wells in the sand beds
(Wells 1 and 5) exhiﬁited noticeable fluctuation in dissolved
golids with time and in particular with whether or not the bed

was flooded. On the other hand, the wells not located in sand
beds had a relatively constant dissolved solids content through-
out the period of the sampling.

The high alkalinity found in the weils is reflected in the
increase in tha alkalinity from the upstream to the downstream
sampling locations within West Brook. The lowest alkalinities
were found in Well 10 consistently and in Well 5 when it was dry.
This latter would indicate that the alkalinity is being flushed
away by fresh gréundwater after the treated sewage has percolated
through upper bed 3. In each case, higher alkalinities were

found in Well 3A with noticeably lower wvalues in Well 3B and
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slightly lower values in Well 3C. This obviously represents the
depth profile and indicates that the high alkalinity liquid is
coming in near the surface and with a deeper location, there is
probably more dilution due to lower alkalinity groundwater.

The chloride concentration of the sewage treatment plant
effluent varied between 30 and 35 mg/l during this sampling
period. Generally, the chloride concentration may be used as a
tracer of groundwater due to the fact that there is little ad-
sorption of chloride by the soil. In general, Wells 6 and 2 had
chloride concentrations similar to that of the sewage effluent.
Well 5 had s concentration similar to the sewage effluent during
the period that the Ied was flooded but when the bed was dry,
the concentration was only 8 mg/l, probably representing the
chioride content of the natural groundwater im the area. Wells
3, however, were consistently higher in chloride content than the
sewage effluent discharged onto the sand beds, and the chloride
content of Well 3B was consistently higher than that of Wells 3A
and 3C. In one instance, the chloride content of the seepage
In the small drainage ditch behind the highway department garage
reached a maximum of 153 mg/l. Since this is much greater than
the sewage effluent, this raises some doubt as to the validity
of using chloride as a tracer in this particular case. 1t must
be restated that the town garage is located atop the hill very
close to this location. It is also known that the highway de-
partment_storesrsalt on their property for use Qﬁ the roads during
the winter. It is probable that this salt has leached into the

ground and is thereby invalidating the use of chloride as a
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tracer for the treated sewage effluent,

(¢) Nutrients

Eaving reasonably well established that the water

recovered from_Wella 2, 3, and 6 and the seepage as it emanates
from the ground near West Brook is the samé water which was applied
to the sand beds at the sewage treatment plant, the transport
of the nutrients nitrogen and phosphorus through the soll may
he observed. At Well 6, approximately 500 fit. downstream from
the percolation beds, the pheosphorus content was less than 17
of that found in the sewage effluent applied to rhe beds. Similar
low results were found in Wells 2 and 3 with gensrally higher
phosphorus content being found nearer the surfaée at Well 3A than
at the deeper Wells 3B and 3C. With the exception of the one
high value of 92 ug/l of soluble phosphorus on April 17 at the
saepage area above Gage Road, all of the results showed that the
soluble phosphorus content in the area of West Brook was less
than 50 pg/l. In two instances, the soluble phosphorus content
appeared to decrease from fthe upstream to the downstream loca-
tion in West Brook whereas on three occasions there was a slight
increase. The results from the July 6 sampling in West Brook
ave guestioned. It is possible that a decimal point was misplaced
and the results should be 12 g/l upstream and 7 downstream,

The nitrogen results are not gquite so conclusive due to
the lack of some‘data, particularly the nitrate content in the
seﬁage effluent. It must be peinted out thatv the total Kjeldahl
nitrogen includes both the ammonia nitrogen and the organic

nitrogen. In general, where the total Kjeldahl nitrogen
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was high, the nitrate was low and when the nitrate was high,
the total Kjeldahl nitrogen was low. At Well 6, the nitrate con-
tent was about the same as the total Kjeldahl nitrogen content.
However, by the time the water reached Wells 2 and 3, nearly
all of the nitrogen was recovered as nitrate. No exact balance
of the nitrogen content was made due to the fact that there

was a lérge fluctuation in the nitrogen content of the éeﬁage
influent and the effluent discharged onto the sand beds. Ob-
viously, daily fluctuationsJin thé nitrogen content would not
be reflected in the content in the wells on the same day. In
all instances, there was a significant increase in the nitrogen
content of West Brook between the samples sacufed above and
below the entrance of the groundwater seepage.

One set of samples (July 25, 1973) from the inflﬁent,
effluent, brook (upstream and downstream) and several wells was
exanined for the occurrence of coliphage as a preliminary indi-
cation of the possible presence of other such infectious agents.
As seen in Table 3, infectious coliphage were present in all
sanples examined.

Of the well samples analyzed, only that sample from well
6 possessed an average titer below 30 phage ml=%, The average
titer faf this well sample was 5 phage ml=t,  The greatest
number of viral particles (73 phage ml“l) was found in well 1

during the timé when this sand bed was flooded.

DISCUSSION

There has been considerable concern over the best means
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Coliphage'(mlwl} from Lake George Sewage Treatment

Plant Well Sampleg (7/25/73).

Tahle 3
Deseription nH
Well 441 6,66
- Well #2 7.80
Well #3B 7.43
Well #3C 7.05
Well H#5 6.63
Well #6 8.88
West Brook .
(upstream) 7,063
West Brook
(downstream) 7.71
1GSTP Influent 7.30
LGSTP Bffluent 6.63
Control

- Agsay¥ Wo,

1 2
75 70
38 57
30 36
42 40
35 30

6 4
10 2
6 2
10 8
1 3

Average Titer

73
48
33
41
33

5

* According to Hershey et

g,
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of disposal of domestic wastes from rural areas and small towns,
This is of particular concern in areas where the discharge of
wastes way affect a local recreational laks. Whereas informa-
tion is fairly readily'available as to the effects of waste-
waters which are collected and treated and discharged inco a
stream‘which enters a lake or diecharges directly into a lake,
thare ls insufficlent information avaiiable as to the effective~
ness of discharging wastewaters, either tresated or untreated,
directly into the soil to make use of the characteristics of the
soll which enable it to puriiy wastes. It has been falrly well
egtablished that under prop&riy operating aerobic conditions,
gcolls are quite capable of removing pathogenic bacteria and
orzanic matter In the wastewaler a@plied te the soil,- However,
much less information is availsble relating to the removal of
nutrients, primarily nitregen and phosphorus, bty the soil.
Studies indicate that different solls have diffsrent capabilities
for removing these nutrients. In general, sand has been con-
sidered to be lszss capable of removing phosphorus than finer
clay-like soil. In addition, the total capacity of any soil

to remove nutrients over a long period of time has ﬁot been
sufficiently evaluated,

The treatment system at Lake'Gaor;e'Villaga offers an
opportunity to study both the treatment efficlency of sandy soils
and the effect of relatively long years of use, For approxi-
mately 35 yvears, the Village treatment plant has discharged bilo-
loglcally treated effluesnt onte matural delts sands. Studies

have confirmed the ability of the sand to remeve coliforms, BOD,
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and organic and ammonia nitrogen, with some apparent oxidation
of the reduced nitrogen compounds to nitrate. There waé very
little effect upon the chloride concentration in pasgsing through
the sand. There was a variable removal of phosphate which was
attributed to the ion exchange capacity at least within the first
10 £r. of depth within the sand percolation beds.

By studving the water seeping cut of the base of the sand
hill, approximately 2000 f£t. (600 m) from the traatment plani,
and wells at various lécations in the area, the characteristics
of the purified wastewaters discharged into the ground have been
gtudied. The presence of dissolved oxygen, although low at some
lecations, in all of the well samples, confirmed that the soil
has an oxidizing capability. This is considevred desixable as it
aids Iin oxidiming any org&ﬁic matter remainlng in the wastewaters
as well as removing pathegenic bamteria aﬁd oxidizing reduced
nitrogen compounds to nitrates. The lowest dissolved oxygen re-
corded was in Well 5 during the period of time when this bed
was fleoded. The velatively high wvalues of DO in the sewage in-
flueni may be attributed to the splashing of the water as it
comas out of the pipe and Iinto the treatment plant influent dis~
tribution box. At all times, a small residual DO was found Iin
the treatment plant effluent as discharged onto the sand percola-
tion beds. Thus in this case, the soll system weceiving the
effluent from the Lake George Village sewage treatment plant wmay
be considered adequate te provide what is normally considered
desirable treatment or polishing of the treated wastes discharged

into the sand.



During the entlre period of this study, the sewage effluent
was warmer than the airland the groundwater as represented by the
walls. The temperature in West Brook was also in the same range
as the cold temperature in the deep wells. The only place where
depth profiles could be made was at Wells 3. Here, consistent-
ly, Well 3A, closest to the surface, had the highest temperature
and Well 3C, the deepest at the time of the study, had the coldest
temperature. This may be attributed teo the contact of the water
with the surface of the ground which was warm during the time of
the stﬁdy. Cn the other hand, it may Iindicate that the warmer
sewage floats on the surface of the coldex groundwater in this
area., The chloride content of the wastewater discharged into
the ground is somewhat higher than that of the natural water
which would give the sewage effluent a gieater density than the
natural water. Howewver, it ie possible that the temperature den-
sity difference is greater than the dissolved solids density differ-
ence and the sewage discharge tends to vemaln near the surface
of the groundwater., If this is true, it indlcates that tﬁe sam-
ples secured from Well 6 may not truly represent the sewage
effluent discharged into the soll due to the fact that this well
point is located approximately 27 ft. (8 m) below the surface of
the groundwater at this location. It is difficult to make any
positive conclusion as to the location of the sewage effluent
with respect to the natural groundwater without performing
tracer studies and utilizing wells at varicus depths. The fact
that the temperature in Well 1 was higher when the bed was

flooded again indicates the effect of the higher temperature
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gawage.

The dissolved solilds, alkalinity, and chloride may normally
be used to identify the location of the sewage effluent in the
ground with reasonable accuracy. Well 10, the control, had con~
sistently low dissolved golids, alkalinity, and chloride as com-
pared to the other wells. Alse, Well 5, when the bed was dry,
exhibited low values in these caregories indicating that the high
solids content which occurred during the time that the sewage
wae being applied to the bed was flushed away after the sewage
wgs no longer being applied. Based upon these criteria, it
appears that the wastewalter applied to the percolation beds
does reach Wells & and 2. This does not completely confirm the
specﬁlation that the deép sampling locetion of Well 6 may not
represent the wastewater, as indicated by the temperature
megdsurements,

Wells 2 present some problem as to Interpretation. TFairly
consistently, Well 3B, the medium depth sample, indicated higher
dissclved solids and chloride than the other two depths; whereas
Well 3A, the shallow location, had gonsiatently higher alkalinity
than the deeper samples. Moreover, all thres parameters were
higher in Wells 3 than the equivalent parameters in the effluent
discharged to the sand beds. This indicates that there is some
other source of dissolved solids being added to the groundwater
somewhere between the treatment plant and the locations of Wells
2. The higher dissolved sclids and chloride could be attributed
to the leaching of road salt stored at the highway department

garage located on the hill above the location of Wells 3. However,
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this would not explain the increased alkalinitf in this area.
Normally, chloride would be a gocd tracer; however, due to the
extreme chloride found in the area of Wells 3, it is impossible
to conclude positively that the water recovered in this area

is the same as that discharged onto the sand beds at the sewage
treatment plant. Thus again, additional tracer studies are nec-
eszary in order to confirm positively the flow of the treatment
plant effluent to the area of Wells 3.

Within West Brook, the dissolved solids, alkalinity, and
chloride were consistently increased between the upstream and
downstream sampling locations. Although no stream f£low measurs-
nents were made of the small tributary streams entering West
Brook in the area, a rough estimate was that the flow in West
Brook is approximately ten times that of the flows in the swall
tributaries. A rough calculation was made based upon only the
disgolved solids content, and a dilution factor of 1:9 agreed
fairly well with the increase in the dissolved solids in this
general area. It must be pointed out that during the period of
sampling, the flow in West Brook decreased according to the normal
summer pattern of a stream. However, the ground around Wells 3
became more moist and saturated with water beginning approximately
the middle of July as compared to the earlier Spring sampling
when the ground is normally more saturated with water. Toward
the end of Jume, and particularly the Fourth of July weekend,
the flow at the sewage treatment plant increases appreclably due
to the influx of the tourists in the area. If this is truly the

cause of the increased wetness of the ground around Wells 3,
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this would indicate a flow time of in the order of 2 weeks from
the treatment plant to this locatlon., Again, this can be con-
firmed only by means of the addition of a tracer which is not
naturally present in the area.

It is difficult to evaluate completely the nitrogen balanca
within the system. Even with sufficient data, a nitrogen balance
ig always difficult to establish due to the possible reduction
of nitrates to nitrogen gas with its subsequent escape to the
atmosphere and the possibility of fixation of nitrogen either by
plants or algae at the surface of the ground which could be
carried into the‘groundwaﬁar by percolation of rainfall. Further-
more, during the time of these studies, the total Kjeldahl nitro-
"gen in the sewage treatment plant influent and effluent wvariled
over a large range. Also, the nitrate was datermined in the
sewage on only one occasion during which time it was in the order
of 0.5 mg/l. Since the earlier studies(2) indicated nearly com-
plete oxidation of the reduced nitrogen within the first 10 ft.
of the sand bed, it is difficult to evaluate the high concen-
tration of total Kjeldahl nitrogen in Well 6. This indicates
either incomplete oxidation or later reduction of the nitrogenous
material at this point. There are also some inconsistencies in
‘the nitrate values for Well 5 during a wet and dry period and
for Well 10 which 1is intended to be a control. It is possible,
particularly with Well 10, that a decimal point may have been
misplaced in one of the analyses. Thus, additional studies will
have to be made in order to make a more realistic nitrogen balance

in this system. In any event, it may be concluded that signifi-
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cant amounts of nitrogen, particularly nitrate, do reach West
Brook and there is a significant increase in the nitrate con-
centration in West Brook as it passes thrcough this area.

Probably the nutrient of most concern is the phosphorus.
The effluent from the sewage treatment plant has in the order of
4 mg/l (4000 pg/l} of total soluble phosphorus, The phosphorus
content of Wells 1 and 5, located in sand beds, indicated a
reduction of in the order of 90% of the phosphorus at the point
of securing of the samples. 1In Well 1, this represents-a vertical
passage through approximately 67 ft. of sand and In Well 5,
through approximately 16 ft. of sand. However, cautionr must be
used in interpreting theselresults. It must be remembered that
in both instances the well point was placed within the groundwater.
Thus it is possible that this low phosphorus content represents
some dilution by the groundwater. However, the solids and al-
kalinity results indicate that there is relatively little dilution
by the groundwater, assuming that the solids In Well 10 represent
fairly the quality of the groundwater in the area. Furthermore,
at Well 6, approximately 500 ft. (150 m) from the lower sand beds,
less than 1% of the original phosphorus applied to the sandbeds
was recovered. Again, it must be pointed out that this well point
is approximately 27 ft. (8 m) into the groundwater and may not
necessarily be representative of the effluent from the treatment
plant at this point. It becomes obvious that an additional well
point at the location of Well 6 should be installed at a depth
very close to the surface of the groundwater. In addition, tracer

studiea must be made to confirm the direct passage of water from
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the percolation beds to the point of sampling. Whereas the phos-
phate concentration in Wells 2 and 3, close to West Brook, was
low on all occasions, the one occasion in which the phosphate was
measured in the seepage In the areas of Gage Road indicated con-
siderably higher results. This indicates that further measure-
ments should be made of the phosphorus content of this seepage.
The effect of the phosphate in West Brook appears to be negligible.
In some instances, there was a slight increase in the phosphate
content of the stream as it passed through this area and in other
instances, there was actually a slight measured decrease. This
is probably within analytical error.

One other consideration is whether or not the majority of
the sewage discharge reaches West Brook or whether some passes
under West Brook to the other side. Ounly one sample was secured
on the northern side of West Brook and this was from a small
stream which reputedly appears as springs on the property of a
homeowner across Sewell Road. This stream indicated low concen-
trations of dissolved solids, alkalinity, chloride, phosphorus
and nitrogen. This lends some credence to the possibility that
the sewage effluent floats on the top of the groundwater and there-
fore emerges from the ground prior to the gfoundwater in the area
of West Brook. The main implication here is whether this sewage
effluent reaches Lake George via West Brook or via groundwater.

In any event, it 1s considered that ultimately the effluent does
reach Lake George and the prime concern is the quality of the
water when it does so. These results indlcate that more Information

is needed as to the quality of water on the north side of West
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B;ook and an additional well should be placed in this gereral
area, |

The lowest phage titer was found in Well 6., This could be
attributed to two factors. The pH of the sample from Well 6 was
8.88 which is high enough to cause a movre rapid loss in viral
infectivity than in the other well samples (pH range 6.63 - 7.43),
The other factor 18 that the sample was obtained from approxi-
mately 27 ft. below the surface of the groundwater. Thus, the
water sample obtained from Well 6 may be more representative of
natural groundwater than of the effluent from the treatment plant
if the effluent travels along the surface of the groundwater.
Either or both of these phenomena would explalin the low level of
phage in Well 6 comparable to the other well sample data.

Although the sample from Well 1 contalned the greatest
number of viral particles (73 phage ml-1), flooding of that well
at the time of sampling prevents complete consideration of these
data in this preliminary assessment. It is expected that the
number of phage assoclated with Well 1 would be similar to those
found in Well 5 under similar conditions of bed flooding. The
numbers of infectious particles in Wells 2, 3B, 3C and 5, in com-
parison to those average phage values found in the sewage influent
(9 phage‘ml'l) and treated effluent (2 phage ml'l), suggest that
adsorption cr retention of the phage particles after effluent
discharge to the sand beds 1g likely, followed by a release ox
desorption into the surrounding aqueous medium. It is also
possible that little or mo adsorption occurs but that a buildup

in the number of phage occurs in the soils from continuously dis-
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charged effluents, resulting in slow but uniform passage of these
particles through the surrounding terrestrial system.

The low level of viral particles in the upstream and down-
stream samples from West Brook can be misleading. The presence
of phage in the upstream samples is attributed to natural runoff,
whereas the average titer of two particles ml™Ll {n the downstream
sample has as 1its possible sources both ﬁatural runoff and waste~
water effluent. Both dilution and distance play significant roles
in lowering the phage titer in West Brook from those values ob-
served in Wells 2 and 3, 1f, in fact, the source of these particles

is wastewater effluent.

CONCLUSIONS

It appears that the sewage effluent applied to the sand beds
at the Lake George Village sewage treatment plant enters the ground-
water and flows in a generally northerly direction and emerges in
some form or another from the ground near West Brook, following
which it flows into West Brook and ultimately into Lake George,
The sandy soil involved in this area appears to be adequate for
the conventional treatment of the applied effluent. The dissolved
solids, alkalinity, and chloride of the water which emerges from
the ground in the area of West Brook is considerably higher than
the natural groundwater in the area, reflecting the quality of
the sewage effluent applied to the sand beds. These parametexrs
are increased in West Brook as the stream flows past thils area.
Although insufficient data are available to make a positive state~

ment concerning the nitrogen contributions from the sewage effluent,
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it does appear that the reduced nitrogen is completely oxidized
to nitrate prior to its emergence from the ground where the
nitrate content is quite high. This does have a significant
effect of increasing the nitrate content of the water of West
Brook.

It appears that the total phosphorus content of the applied
sewage effluent has been reduced.by greater than 99% in its
passage through approximately 2000 fr, (600 m) of sand from the
treatment plant to West Brook. There is no significant increase
in the phosphate content of West Brook in passing through this
area. The analyses in one sample of spring water secured across
West Brook indicate that the quality of this water is quite high
and not representative of the sewage effluent applied to the sand
beds.

Although the presence of phage particles in the samples
necessitates further and more extensive ihvestigations, theidiS"
charge of infectidus coliphage iInto West Broock does seem to occur,
with wastewater effluent from the sewage treatment plant as one
likély source. It i1s not possible at this time to state conclusively
whether or not infectious enteroviruses also are present in these
wastewater effluents and eventually reach West Brook. Nevertheless,
sufficient coliphage is present in those welle examined to warrant
the Introduction of labeled attentuated viruses into the influent
and subsequently assay for these tagged particles in the effluent
and well samples to obtain more conclusive data regarding the
source of these particles and their adsorption and/or desorption

kinetics within the surrounding soils.
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There is some questlon whether all of the samples secured
were truly representative of the effluent discharged onto the sand
beds. The sample at Well 6 was secured 27 ft. below the surface
of the groundwater. Also due to some interferences, the total
solids, alkalinity, and chlorides at Well 3 were considerably
| higher than those in the sewage effluent. This negates the
possibility of using these parameters as tracers of the sewage
effluent. Tracer studies using some tracer foreign to the area
and the addition of several wells at new locations and at several
different depths in the present locations will be needed in order
to make a positive confirmation of the flow of the effluent from
the treatment plant to the various wells and ultimately to West

Brook.
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