














TABLE 3 (continued)

% Cation
Retained
Sample Before After (Released) pH
Cation No. Filter Filter by Filter Before After
Copper 1 3.56 0.94 74 2.88 3.20
2 3.45 0.03 99 2,82 3.82
3 2.53 0.03 99 2,99 3.89
4 1.50 0.09 94 3.14 3.99
5 0.55 0.05 91 3.51 4.11
Iron 1 3.55 0.29 92 2.72 2.90
2 3.53 0.02 99 2.71 3.79
3 2.61 0.12 95 2.87 3.80
4 1.57 © n.d.* 100 3.02 3.89
5 0.53 n.d.* 100 3.45 4.01
Lead 1 6.68 2.90 57 2.82 2,91
2 6.65 (0.03) 99 2.80 3.90
3 4.73 n.d.* 100 2.91 3.99
4 2.82 (0.02) 99 3.13 4.15
5 0.87 (0.02) 98 3.55 4.29
Magnesium 1 9.37 7.53 20 2.79 2.89
2 9.77 15.79 (62) 2.75 3.79
3 6.69 10.81 (62) 2,88 3.95
4 4.93 8.01 (62) 3.00 4.01
5 2.10 3.63 (73) 3.27 4.19
Manganese 1 3.52 1.00 72 2.82 3.15
2 3.57 0.18 95 2.80 3.69
3 1.53 0.06 96 2.92 3.88
4 1.61 0.05 97 3.09 3.97
5 0.51 0.04 92 3.51 4.03
Mercury 1 1.57 1.58 (0.6) 2.91 2.93
2 1.62 1.17 28 2.86 3.93
3 1.31 0.24 82 2,98 3.98
4 1.48 0.65 56 3.13 3.96
5 0.60 0.07 88 3.40 4.02
Nickel 1 3.34 2.87 14 3.07 3.17
2 3.00 0.11 96 3.05 4.17
3 2.35 0.09 96 3.18 4.31
4 1.45 0.08 94 3.38 4,35
5 0.58 0.16 72 3.72 4,27
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TABLE 3 (continued)

% Cation
Retained
Sample Before After (Released) pH
Cation No. Filter Filter by Filter Before After
Potassium 1 54.5 31.0 43 5.50 3.80
2 61.8 10.0 84 4.41 4.01
3 41.3 6.0 85 5.48 4.16
4 28.7 5.2 82 5.63 4.20
5 19.8 4.2 79 5.60 4.28
Selenium 1 1.95 - —— 3.18 3.26
2 1.73 0.37 79 3.19 4.09
3 1.25 0.95 24 3.30 4.10
4 0.80 0.27 66 3.59 4.20
5 0.64 0.32 50 3.83 4.27
Silicon 1 39.2 35.5 9 2.72 2.69
2 37.0 23.4 37 2.67 3.66
3 29.4 18.9 36 2.76 3.97
4 20.3 15.9 22 2.97 2.67
5 14.4 9.9 31 2.95 4.11
Silver 1 2.92 0.61 79 5.26 3.97
2 2.64 0.03 99 5.22 4.13
3 1.77 0.01 99 5.20 4.17
4 1.27 0.73 42 5.22 4.56
5 0.23 n.d.* 100 5.26 4.16
Sodium 1l 17.3 14.7 15 3.18 3.28
2 17.0 14.0 18 3.16 4.19
3 12.3 11.6 6 3.24 4.23
4 8.6 9.3 (8) 3.39 4.29
5 4.1 5.8 (41) 3.61 4.39
Zinc 1 2.97 0.90 70 2.89 3.14
2 3.03 0.25 92 2.85 3.73
3 2.15 0.38 82 2.99 3.64
4 1.36 0.07 95 3.15 3.98
5 0.47 0.04 91 3.57 4.10

* not detected
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TABLE 4

Analyses of basic solutions used in filtration

(ppm)
% Cation
Retained
Sample Before After (Released) pPH
Cation No. Filter Filter by Filter Before After
Aluminum 1 19.5 15.8 19 9.60 9.59
2 18.2 13.7 25 9.60 9.50
3 12.0 14.5 (21) 9.70 9.63
4 8.3 9.2 (11) 9.82 9.72
5 5.0 8.5 (70) 10.05 9.91
Arsenic 1 6.53 5.00 23 10.41 10.30
2 6.53 0.50 92 10.36 9.95
3 5.00 0.09 98 10.40 10.05
4 3.46 0.27 92 10.49 10.20
5 2,24 0.05 98 10.58 10.34
Cadmium 1 2.99 0.26 91 10.28 10.21
2 3.06 0.02 99 10.29 9.86
3 2.03 0.34 83 10.39 10.11
4 1.17 0.04 97 10.49 9.88
5 0.37 0.05 86 10.52 10.18
Calcium 1 19.7 12.2 38 9.69 9.63
2 19.5 55.0 (182) 9.63 9.34
3 14.6 31.0 (112) 9.71 9.51
4 11.8 4.3 63 9.85 9.73
5 4.9 8.4 (71) 10.01 9.79
Chromium* 1 2.03 0.68 66 10.23 10.22
2 1.93 0.34 82 10.23 9.87
3 1.82 0.46 75 10.31 10.13
4 1.35 0.12 91 10.38 9.74
5 0.47 0.18 62 10.48 9.87
Cobalt 1 3.05 1.91 37 10.25 10.19
2 2.96 0.65 78 10.25 9.73
3 2.18 1.53 30 10.32 10.06
4 1.26 0.34 73 10.39 9.78
5 0.40 0.09 77 10.39 9.76
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TABLE 4 (continued)

% Cation
Retained
Sample Before After (Released) PH
Cation No. Filter Filter by Filter Before After
Copper 1 2.73 0.34 87 10.59 10.50
2 2.65 0.20 92 10.60 10.35
3 1.66 0.06 96 10.63 10.41
4 0.98 0.08 92 10.69 10.42
5 0.44 0.01 98 10.78 10.34
Iron 1 3.9 1.9 51 10.19 10.12
2 4.1 12.6 (207) 10.20 10.04
3 2.8 25.6 (814) 10.24 9.99
4 1.7 36.4 (2041) 10.31 10.01
5 0.8 33.3 (4062) 10.37 9.90
Lead* 1 3.64 0.21 94 10.10 9.98
2 2.46 0.02 99 10.08 9.57
3 3.08 1.30 58 10.18 10.03
4 2.08 0.10 95 10.27 9.99
5 0.66 0.22 67 10.47 10.26
Magnesium 1 10.35 0.65 94 9.85 9.78
2 10.05 2.69 73 9.85 9.47
3 7.08 1.03 85 9.82 9.76
4 4.64 0.77 - 83 10.00 9.90
5 2.54 2.02 20 10.22 9.30
Manganese 1 3.52 3.12 11 10.29 10.18
2 3.54 1.22 65 10.29 9.96
3 2.46 0.98 60 10.32 10.06
4 1.54 0.64 58 10.47 10.08
5 0.61 0.36 41 10.56 10.29
Mercury* 1 1.20 0.25 79 10.54 10.50
2 0.94 0.13 86 10.53 10.39
3 0.87 0.07 92 10.57 10.40
4 0.77 0.03 96 10.68 10.50
5 0.43 0.01 98 10.69 10.45
Nickel 1 3.80 0.06 98 10.11 10.09
2 4.02 0.07 98 10.10 9.11
3 3.35 0.06 98 10.15 9.42
4 1.70 0.06 96 10.31 10.10
5 0.34 0.08 76 10.41 10.15
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TABLE 4 (continued)

% Cation
Retained
Sample Before After {Released) pH
Cation No. Filter Filter by Filter Before After
Potassium 1 76.8 46.6 39 10.58 10.35
2 75.4 34.6 54 10.50 10.15
3 59.2 20.0 66 10.52 10.20
4 35.9 22.5 37 10.50 10.11
5 18.5 15.3 17 10.53 10.27
Silver 1 3.89 '0.42 89 10.30 10.28
2 4.02 0.02 99 10.31 9.75
3 2.76 0.10 96 10.36 9.89
4 1.68 0.08 95 10.40 9.90
5 0.53 0.04 92 10.40 10.01
Sodium 1 17.6 15.2 14 9,28 9.14
2 17.8 16.3 8 9.22 9.13
3 13.7 12.3 10 9.20 9.07
4 8.0 6.7 16 9.18 8.86
5 4.7 4.9 (4) 9.19 8.99
Zinc 1 3.00 0.82 73 10.23 10.21
2 3.13 0.24 92 10.18 10.01
3 2.13 0.12 94 10.21 9.79
4 1.35 0.05 96 10.29 9.63
5 0.48 0.12 75 10.41 10.05

* Partly precipitated. (The prepared concentrations were
approximately between 0.5 and 3.5 (ppm) for chromium;
1.0 and 7.0 (ppm) for lead; and 0.5 and 2.0 (ppm) for
mercury. The values shown in Table 4 are the actual
concentrations at the start of filtration.)

to suggest that it reached a saturation point. It appears that,
in general, the attenuation of the metals by this filter is

less than in the variable concentration experiments. The only
possible exceptions are cadmium and magnesium in the acidic
solutions, and magnesium, nickel, and sodium in the basic solu-
tions, which showed larger attenuation than in the variable
concentration experiments. Similar to the variable concentra-
tion experiments, several metals were in fact released in solu-
tion from the greensand rather than being retained by the green-
sand. In the acidic solutions this was the case with calcium
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and mercury; no release was observed in the basic solutions.
The pH changes were similar to those observed in the variable
concentration experiments, that is the changes were toward
neutrality. The exceptions were again silver and potassium
in the acidic solutions where pH showed a trend opposite to
that for other metals.

FILTRATION OF LANDFILL LEACHATE

Introduction

Samples of landfill leachate were obtained from Pigeon
Point Landfill in northern Delaware (Fig. 1). The flow of
leachate at this landfill is controlled by a system of
drainage channels that lead to a collecting basin from which
the samples were collected. The leachate was greenish-black
in color, had a very distinct and unpleasant odor, and
contained a large amcunt of black clay- and silt-size
particulate matter of unknown composition. In addition,
the surface of the leachate in the collecting basin appeared
to be covered with some o0ily substance. =

The purpose of the experimepts with leachate was to
compare the effectiveness of charcoal and greensand filters
in removing metal cations from leachate and also to assess
the effect of flow-rate, if any, on the retention capacity
of the greensand for heavy metals.

Experimental Procedure

The filters used were 6 gallon (23 liter) polypropylene
tanks (Fig. 3) composed of two layers of washed gravel
separated by a layer of glauconitic greensand (about 15 dm?).
The lower gravel layer was supported by a 100 mesh polypro-
pylene net about 1.5 inches (3.8 cm) above the bottom of the
filter. The purpose of the hollow bottom chamber was to
allow for an undisturbed flow of leachate into the filter.

The leachate entered the filter through six inlets at
the bottom (three on each side of the filter), flowed upward
through the filter, and out through a larger outlet at the top
(Fig. 3). The flow was maintained by a centrifugal polypro-
Pylene pump.
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The filtration of leachates through the filter system
started about one hour after the samples were collected in
the field. First, 20 gallons (76 liters) of leachate were
passed through the greensand filter, followed by the charcoal
filter (System A). An additional 20 gallons (76 liters) of
leachate were then passed through the charcoal filter first,
followed by the greensand filter (System B). The first 20
gallon (76 liter) sample was collected on March 9, 1977 and
the second sample on March 10, 1977. Both samples were
filtered at about 1,000 ml/minute.

On March 17, 1977 an additional 10 gallon (38 liter)
sample of leachate was collected and passed through a filter
system containing only greensand (System C) at a reduced flow
rate, about 80-100 ml/min (Fig. 4).

Results

The samples for chemical analyses and pH determinations
were taken before the filtration and after the leachate
passed through each individual filter. Thus the experiment
assessed the effects of glauconite, charcoal, glauconite
plus charcoal, and charcoal plus glauconite filters. The
results of the analyses are shown in Tables 5, 6, and 7.

Effect of Flow Rate

Table 8 shows the effect of flow rate on the capacity
of the greensand to remove heavy metals from leachate. The
capacity seems to be inversely related to the rate of flow
through the greensand. It is possible that by reducing the
flow rate even further, or by increasing the thickness of
the greensand filter bed, or both, the attenuation of heavy
metals from the leachate by the greensand can be increased
even more.

CONCLUSIONS

Single Cation Solutions

Glauconite-bearing greensands appear to be useful fil-
tration material for the removal of arsenic, cadmium, chromium,
cobalt, copper, lead, manganese, mercury, nickel, selenium,
silver, and zinc from contaminated water regardless of the
PHE of solutions. In addition, in acidic solutions, some
aluminum, magnesium, potassium, and sodium will be retained
by the greensand, but calcium will be released in the
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GUIDE TO FILTRATION SYSTEMS
USED IN EXPERIMENTS

SYsTEM A
X Y L
=) GREENSAND =) CHARCOAL &=
Syat
X Y /
=) CHARCOAL - GREENSAND 4=
o

X Y
 amPGREENSAND 4=

Figure 4. Flow of leachate through filters shown by
arrows. X, Y, and Z designate sampling
points for chemical analyses.

18



TABLE 5

Analyses of Pigeon Point Landfill leachate
used in filtration through System A

Flow Rate: 1000 ml/min
(ppm)

Before After % Retained Followed & Retained

Filtra—- Green- (Released) by (Released)
Cation tion sand by Filter Charcoal by Filter
Aluminum 0.16 0.52 (225) 0.34 35
Arsenic 0.039 0.023 41 0.025 (91)
Cadmium 0.082 0.003 96 0.004 (33)
Calcium 181 141 22 143 (1)
Chromium 0.13 0.17 (31) 0.07 50
Cobalt 0.024 0.015 37 0.008 47
Copper 0.28 0.24 14 0.44 (83)
Iron 13.7 8.4 39 9.4 (12)
Lead 0.18 0.12 33 0.22 (83)
Magnesium 164 122 26 138 (13)
Manganese 6.13 3.20 48 3.19 0
Mercury (ppb)* 1.2 0.6 50 0.9 (50)
Nickel 0.21 0.18 14 0.18 0
Potassium 364 139 62 299 (115)
Silver. 0.056 0.046 18 0.047 (2)
Sodium 585 582 0 575 1l
Zinc 0.78 0.62 20 0.85 (37)
pH 7.50 6.62 6.68

*ppb ~ parts per billion (micrograms/liter).

filtrate.

If the solution is basic, one may expect to remove
minor amounts of magnesium, potassium, and .sodium, but

calcium, aluminum, and iron will be released into the filtrate.
Solutions containing a mixture of contaminant ions will
probably not behave precisely as these individaully spiked

solutions.

Landfill Leachate

The results of this study show that greensands do indeed
have the capacity to remove many heavy metals from landfill

leachate.

19
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TABLE 6

Analyses of Pigeon Point Landfill leachate
used in filtration through System B

Flow Rate: 1000 ml/min

(ppm)

Before After % Retained Followed % Retained

Filtra- Char- (Released) by (Released)

Cation tion coal by Filter Greensand by Filter
Aluminum 0.18 0.17 6 0.13 24
Arsenic 0.04 0.03 24 0.02 33
Cadmium 0.026 0.019 27 0.004 79
Calcium 152 153 (1) 127 17
Chromium 0.071 0.079 (11) 0.060 24
Cobalt 0.008 0.008 0 0.007 12
Copper 0.24 0.24 0 0.35 (46)
Iron 22.0 19.8 10 17.8 10
Lead 0.23 0.18 22 0.18 0
*Magnesium 132 134 (15) 120 10
Manganese 7.16 5.62 21 4.23 25
Mercury (ppb)* 0.9 3.6 (300) 1.5 58
Nickel 0.13 0.17 (31) 0.15 12
Potassium 280 287 (3) 262 9
Silver 0.039 0.053 (36) 0.050 6
Sodium 374 438 (17) 390 11
Zinc 0.69 0.69 0 0.68 1

pH 7.10 7.08 6.94

*ppb - parts per billion (micrograms/liter)

that determines the effectiveness of the greensands to retain
heavy metals is the flow rate of leachate through the green-
sand. At high flow rate (1,000 ml/min) on the average less
than 20 percent of metal cations is retained by the green-
sand. At a reduced flow rate (100 ml/min) the attenuation

of metals by greensand increases more than four fold; nearly
80 percent of metal cations is retained by the greensand.

In addition, at the slower flow rate the unpleasant odor and
fogginess were also reduced.
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TABLE 7

Analyses of Pigeon Point Landfill leachate
used in filtration through System C

Flow Rate: 80-100 ml/min

(ppm)
Before After % Retained

Cation Filtration Greensand by Greensand
Aluminum 0.68 0.17 75
Arsenic (ppb)* 2.2 0.2 91
Cadmium (ppb) * 6 1l 83
Calcium 129 48 63
Chromium 0.03 0.01 66
Cobalt 0.015 0.003 80
Copper 0.38 n.d.** 100
Iron 8.06 1.14 86
Lead 0.13 n.d.*x 100
Magnesium 62 20.4 67
Manganese 4.06 0.48 88
Mercury (ppb)* 8.7 n.d.** 100
Nickel 0.074 0.003 96
Potassium 122 74 39
Silver (ppb)* 1.4 0.7 50
Sodium 275 175 36
Zinc 0.49 0.16 67
pH 7.65 6.29

* ppb - parts per billion (micrograms/liter).

** n.d. not detected

By comparing the results shown in Table 5 with those in
Table 6, it can be seen that the greensand is a more effec-
tive filter of heavy metals from leachate than is charcoal.
It appears that in some instances, for example in the cases
of iron, zinc, and manganese, the charcoal filter, when
placed before greensand filter in the system, reduces the
capacity of the greensand to retain these metals.
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TABLE 8
Pigeon Point Landfill leachate

Effect of flow-rate on the retention of metals

Percent Retained (Released) by
Greensand Filters of

Cation System A System C
Aluminum (225) 75
Arsenic 41 91
Cadmium _ 96 83
Calcium 22 63
Chromium (38) 66
Cobalt 37 80
Copper 12 100
Iron 39 86
Lead . 33 100
Magnesium 26 67
Manganese 48 88
Mercury 50 100
Nickel ‘ 14 96
Potassium 62 39
Silver 18 50
Sodium 1l 36
Zinc 20 67

FLUSHING CHARGED GREENSAND FILTERS WITH.WATER

Systems A and B

After filtration of leachates at a flow rate of 1,000
ml/min., the filtering system was flushed with tap and
distilled water. The flushing experiment was conducted in
the following manner: ten gallons (37 liters) of tap water
were passed through system A (greensand-charcoal); following
this, 10 gallons (37 liters) of distilled water were passed
through system B (charcoal-greensand). Samples for chemical
analyses were taken before flushing and after the tap and
distilled waters were passed through each individual filter.
The results of the chemical analyses are shown in Tables
9, 10, 11, and 12.
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TABLE 9

Analyses of tap water used.

in flushing System A

(ppm)
After After Flushing
Before Flushing Charcoal and
Cation Flushing Charcoal Greensand
Aluminum’ 0.05 0.11 0.23
Arsenic * 0.8 n.d.** 0.4
Cadmium * n.d.** 6 6
Calcium 8 15 23
Chromium 0.002 0.027 0.11
Cobalt 3 4 6
Copper 1.20 0.28 0.12
Iron 0.73 1 3.69 3.95
Lead 0.06 0.06 0.02
Magnesium 1.5 6.6 11.8
Manganese 0.01 0.04 0.89
Mercury * 0.2 not determined 0.4
Nickel .. 0.057 0.11 0.069
Potassium 1.3 30 46
Silver * 1 6 5
Sodium 11 120 144
Zinc 0.13 0.05 0.04
PH 6.58 6.52 6.30

* parts per billion (micrograms/liter)
** n.d. - not detected

sttem C

The greensand filter charged with landfill leachates

at the flow rate of 100 ml/min was flushed in the following

manner: first, 6 gallons (25 liters) of tap water were

passed through the charged greensand (System C) at the flow
rate of 100 ml/min; following this 6 gallons (25 liters) of

distilled water were passed through the same greensand

filter at the same flow rate.

23
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TABLE 10

Analyses of distilled water
used in flushing System B

(ppm)
v After After Flushing
Before Flushing Greensand and

Cation Flushing Greensand Charcoal
Aluminum 0.02 0.15 0.19
Arsenic * 0.5 0.5 0.6
Cadmium * 4 1 1
Calcium 1.2 not determined 3.7
Chromium 0.001 0.031 0.073
Cobalt * 4 4 3
Copper 0.16 0.08 0.21
Iron 0.4 not determined 5.7
Lead * 20 20 40
Magnesium 0.2 0.5 0.9
Manganese n.d.*x* 0.05 0.13
Mercury * 0.5 0.7 0.5
Nickel 0.043 0.081 0.097
Potassium 0.02 n.4d.** 13
Silver * 2 n.d.** 11
Sodium 0.09 not determined 29
Zinc * 30 30 30

pPH 6.35 6.84 6.45

* parts per billion (micrograms/liter)

** n.d. - not detected

distilled water for chemical analyses were collected before
and after passing through the greensand. The results of the
analyses are shown in Table 13 and Table 14.
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Conclusion

Only small amounts of some metals were released from
charged filters after flushing them with tap or distilled
water. This suggests that it might be possible to dispose
charged greensands in existing landfills without endanger-
ing the surface and ground water in the vicinity.
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