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February 26, 1986

Kerr-McGee Chemical Corporation
P.0. Box 55
Henderson, Nevada 89015

Dear Mr. Chase:

This letter is in response to several issues that need our mutual attention.
Specifically, the "Geohydrological Investigation" report which you submitted to
Mr. Tom Fronapfel on July 29, 1985; the need for some tvpe of groundwater
cleanup or mitigation program; the monitoring schedule proposed in your letter
of November 15, 1985; the problem of unauthorized cooling tower overflows and
wevs of eliminating them; and the NPDES permit revisior which Kerr-McGee applied
for on April 24, 1985.

The Geohydrologic Investigation report has been reviewed by our hvdrogeclcgist
and has been found to be a very good report with respect to its content. Like
all good reports, it has raised further questions. We are particularly interested
in questions related to plume chemistry such as:

. What is the chemical makeup of the plume?

What other toxic constituents were present in the process waters
that contained the chromium? -~

. What reactions are likely to be occurring between the plume and
sediments?

. Is there uptake of chromium or other constitutents bv the sedimente?

We feel that some tvpe of recovery or mitigation measures are in order
and, at this time, are leaning toward a well field intercept svstem. Groundwater
flow and contaminant transport should be modeled prior to final design of any
cleanup or mitigation program. We are aware that some voluntary pumping was
done with the three wells located near unit #5 and possibly well M-3, and that
this pumping has been terminated. Has the effectiveness of this test pumping
been evaluated? 1Is there a feasible way to process the contaminated water
pumped from these wells? ,
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We agree with proposed monitoring schedule for chromium presented in your
letter of November 15, 1985. It is possible, however, that more or different
ocnitoring wells may be needed as a cleanup program develops.

Regarding the cooling tower overflows, we know that Kerr-McGee has been
evaluating alternative wavs of dealing with this problem. You should know that
che DEP considers these overflow incidents to be violations of Nevada Revised
Statute (NRS) 445.221 and yvour NPDES permit, and that 2z Finding of Violation
and Urder is being developed. Civil penalties are a possibility. 1In spite of
this ominous note, we do want to work with you on finding a mutually acceptable
solution to the problem.

Finally, we need to discuss various alternative approaches to the new
permit, including how stormwater is to be handled.

Because of the variety of issues to be resclved, we feel that a meeting
would be verv beneficial. I am, therefore, proposing a meeting in Carson City
tween vou and/or appropriate Kerr-McGee staff and DEP staff to discuss the

De
issues raised in this letter (and anv cthers that you feel are pertinent). We
would iike to meet sometime before the eud of March. Please contact me regarding
20 zccaptabie dete. Any questions regarding the content of this letter or the
curpose oI the meetirg sare, of course, also welcome.
Sincerelv, - . ?
- 7
A < - -
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Joseph S. Livak
Weter Quality Enforcement Officer
Y /s = -
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cc: Steve Fuller, EPA
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ATTENUATION OF POLLUTANTS IN MUNICIPAL

LANDFILL LEACHATE BY CLAY MINERALS

Part 2—Heavy-Metal Adsorption

R. A. Griffin, R. R. Frost, A. K. Au,
G. D. Robinson, and N. F. Shimp

ABSTRACT

The potential usefulness of clay materials as liners for waste dis-
posal sites depends to a large extent on the pH of the leachate solutions that
pass through the landfill and on ionic competition dQuring the ion adsorption
process. Adsorption of the cationic heavy metals—1lead, cadmium, zine, cop-
per, mercury, and chromium (III)—was found to increase as the pH increased,
while adsorption of the anionic heavy metals—chromium (VI), arsenic, and se-
Jenium—decreased as the pH increased. The presence of 1leachate reduced by
as much as 85 percent the amounts of the cationic heavy metals removed from
solution, whereas leachate had relatively little effect on the amounts of the
anionic heavy metals removed by the clays. Removal of the heavy-metal cations
from solution was concluded to be primarily a cation exchange-~adsorption re-
action affected by pH and ionic competition, whereas removal of the heavy-
metal anions is primarily an anion-adsorption reaction in whieh the monovalent
ion is the predominant one being adsorbed.

Precipitation of the heavy-metal cations in leachate was an impor-
tant attenuation mechanism at pH values of 5 and above. No precipitation of
the heavy-metal anions was detected in the pH range 1.0 to 9.0.

. -1 -
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Adsorption isotherms determined at various pH values were used to
compute how thick a clay liner must be to remove lead from solutions of
Pb(NO_ )., from 0.1 M NaCl, and from two landfill leachates at lead concentra-
tions” ranging between 10 and 1000 ppm and at pH values from 3 to 8. Where pH
and ionic competition are unfavorable for the interaction of heavy metals and
earth materials, some undesirable enviromnmental consequences can occur.

INTRODUCTION

As industry in the United States complies with the Clean Air Act
and the Federal Water Pollution Control Act, it finds itself in the position
of having to handle and dispose of huge volumes of solid wastes, sludges, and
liquid concentrates of pollutants. The quantity of industrial wastes that
must be placed in landfills is expected to double in the next 10 years,
reaching 260 million dry tons per year (Gordon, 1975). The U.S. Environmental
Protection Agency (EPA) estimates that about 10 percent of the nonradiocactive
industrial wastes will be classified as hazardous, although the definition of
"hazardous" is still being clarified (U.S. EPA, 1973a). From 1948 to 1968,
United States consumption of certain toxic metals increased 43 percent, and
the EPA concluded that generation of hazardous wastes will, in general, con-
tinue to parallel industrial production rates in the future.

While the volumes of industrial wastes are doubling in the mnext 10
years, the available capacity of landfills for solid waste is declining through-
out the nation. A recent survey of cities with populations over 10,000 revealed
that L46.5 percent of the respondents stated that their present landfill sites
would be filled to capacity in from 1 to 5 years (Early, 19T4). Not only will
acceptable disposal sites be difficult to find in the future, but their location
will be approved only after certain geologic and hydrologic criteria are met.

In addition, their operation will have to be conducted in an environmentally
acceptable manner.

Before about 1965, few people were aware of the environmental degra-
dation that could occur from the leachate generated in landfills. Walker (1969)
and Hughes, Lendon, and Farvolden (1971) described how leachate from solid-
waste disposal sites has polluted some Illinois aquifers. Since officials have
become aware of these problems, landfill disposal sites are not uncommonly ap-
proved for use with the provision that any leachate generated must be collected
and disposed of in some harmless manner. This provision implies that edequate
technology is available for the environmmentally acceptable disposal of the
leachate, but that is not entirely true. Davies (1973) reported that at one
disposal site installation of a small lagoon to treat the collected leachate
proved ineffective and created a surface-water problem that would otherwise not
have existed. Such failures have caused considerable interest in land treat-
ment of leachate. Spray irrigation has been discussed (Garland and Mosher,
1975) as a method of leachate disposal, and the effect of municipal wastes on
crop yields has been studied by Giordano, Mortvedt, and Mays (1975).

The results of chemical analyses of 20 municipal leachates, reported
by the U.S. Environmental Protection Agency (1974), showed that leachate was
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similar to sewage sludge effluent in that it has & high content of organic mat-
ter, nitrogen, phosphorus, and potassium; high levels of heavy metals also were
found.

The accumulation of these potentially toxic heavy metals in soils
mekes long-term application of municipal leachates to the land hazardous, be-
cause heavy metals enter the human food chain by sccumulating in plants. How-
ever, a lack of basic data on the reactions of these metal ions with soil col-
loids in the presence of a complex solution matrix, such as leachate, has ham-
pered efforts to determine what levels of application can be tolerated without
degradation or loss of the soil for food crop production.

Efforts to dispose effectively of most industrial heavy-metal wastes
without polluting the environment have thus far proved unfruitful. Tradition-
ally, rivers or lekes have been used for the disposal of these potentially haz-
ardous discharges. Industrial plants have also disposed of their wastes through
recharge basins or diffusion wells (Welsch, 1955) and into sewer systems (Nassau
County, N.Y., Department of Public Works Sewer Regulations, 1955). All of these
disposal methods can contribute to contemination of surface and ground water
(Davids and Lieber, 1951).

To minimize the problems ceused by heavy-metal wastes in sewage
treatment, laws have been enacted in same northern Illinois counties forbidding
the disposal of such wastes into sanitary sewers. That prohibition has increased
the pressure for permission to dispose of these wastes in the available sani-
tary landfill sites. Bowever, unless they are specially designed, sanitary
landfills also are a potential source of surface and ground-water pollution
(Walker, 1969; Hughes, Landon, and Farvolden, 1971). For that reason a demand
has arisen for information about the capacity of earth materials to adsorbd
heavy metals from landfill leachates (Fuller, 1975). Little information has
been available as to whether industriasl wastes containing heavy metals can be
safely disposed of in landfills designed to contain municipal solid wastes.

This report presents the results of an investigation whose purpose
was to determine the capacity of two major clay minerals for removing the heavy
metals Pb, Cu, Zn, C4, Cr, As, Se, and Hg from solution and the effect municipal
leachates have on this capacity at various pH values. Other purposes of the in-
vestigation were to determine the mechanisms responsible fecr attenuation of
these heavy metals and to evaluate the potential use of clay minerals as liners
for waste disposal sites.
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TABLE 1-—~CHEMICAL CHARACTERISTICS OF LANDFILL LEACHATES

- b -

Range of all : : Du Page
values given Blackwell Forest leachate used
by Garland and Preserve leachate in sorption
Mosher (1975) (Hughes et al., 1971) study
Component (mg/1) (mg/1) (mg/1)
Chemical oxygen demand 40 - 89,520 39,680. ‘1,362,
(cop) '
Biological oxygen demand 9 - 54,610 54%,610. —_
{BOD)
Total organic earbon 256 - 28,000 — -
Organic acids -— — 333.
Carbonyls as acetophenone — - 57.6
Carbohydrates as dextrose — — 12.
pH y - 9 7.10 6.79
Eh (oxidation potential) -_— -180. -155.
(m.v.)
Total dissolved solids 0 - 42,276 19,144, 5,910.
Electrical conductivity 3 - 17 10.90 T7.20
(mmhos/cm)
Alkalinity (CaCO03) 0 - 20,850 3,255. §,220.
Hardness (CaCO3) 0 - 22,800 7,830. 1,100.
Total phosphorus 0 - 154 6. 0.1
Ortho-phosphate 6 - 85 - —_
NHy-nitrogen 0- 1,106 - 809.
NO34NOp~nitrogen 0~ 1,300 1.70 —_—
Aluminum -— 2.20 0.1
Arsenic - L.31 0.11
Boron —_ -— 33.
Calcium 5 - 4,080 - 49,
Chloride 34 - 2,800 1,697. 1,070.
Sodium 0- 7,700 900. 822.
Potassium 3 - 3,770 —_ 516.
Sulfate 1 - 1,826 680. 0.01
Manganese 0 - 1,400 1.66 0.1
Magnesium 16 - 15,600 - 204.
Iron 0- 5,500 5,500. 4.40
Chromium — 0.20 0.1
Mercury —_ -_ 0.0008
Nickel — -— 0.3
Silicon -— -—_ 15.1
Zine 0- 1,000 — 0.03
Copper 0 - 10 0.05 0.1
Cadmium 0 - 17 0.05 0.01
Lead 0 - 5 -_ 0.1
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and the Survey's Analytical Chemistry Section, under the direction of R. R.
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LEAD ADSORPTION BY CLAY MINERALS

Lead was chosen for study because documented evidence shows that even
low Pb levels in drinking water can cause death to humen beings. In one case
reported in Australia, for instance, 94 adults died of chronic lead poisoning
because throughout childhood they had drunk water collected from house roofs
thet were painted with lead-pigmented paint (Henderson, 1955). Another reason
for choosing Pb for study was the evidence (Broadbent and Ott, 1957) that or-
ganic chelates form with hydrolyzable metels such as Pb. The chelates may make
Pb more mobile in soils or clay liners that contain municipel leachate than in
soils or liners that contain effluents that do not have such high concentrations
of organic compounds.

Experimental

The two clay minerals used in the study were kaolinite and montmo-
rillonite. Complete chemical descriptions were given in Part 1 of this study
(Griffin et al., 1976). The chemical characteristics of the two landfill
leachates used are given in teble 1. For comparison, table 1 also summerizes
the chemical ranges of leachate that were given by Garland and Mosher (1975).

In the investigations of Pb removal, & known weight of clay was placed
in a 125-m1 Erlenmeyer flask, Between 0,100 and 1.000 g of clay was used to
effect an estimated 20 to 50 percent change in the Pb concentration of the so-
lution at equilibrium. A 50-ml aliquot of either deionized water or 0.1 M NaCl
solution was pipetted into the flask. The pH of the solution was adjusted with
either HNO3 or NaOH throughout the determined pH range and the volume of acid
or base added, usually less than 1 ml, was recorded. The flasks were tightly
stoppered, and, as & result, the CO, liberated from the leachate solutions
caused a slight positive pressure in the flask that helped to maintain anaero-
bic conditions during equilibration. (For a few minutes after acid was added,
the stoppers were removed to relieve excessive pressure; the flasks were then
restoppered. )

Rate studies indicated that L hours were necessary for Pb in leach-
ate to equilibrate with kaolinite. This result agreed with that of Beevers
(1966), who found that Pb(NO3), solutions equilibrated in from 1 to 12 hours,
depending on the clay mineral. The samples in this study were shaken for at
lesst 2l hours in & constant temperature bath at 25° % 0.5° C to insure equil-
ibration. The equilibrium pH was recorded, the samples were centrifuged, and
the solutions were analyzed for their Fb concentration by atomic absorption.
The difference between the initial concentration and the equilibrium concen-
tration was used to compute the amount of Pb removed from the solution at the
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particular pH by a given clay minerel. This procedure was carried out for a
range of initial Pb concentrations that varied between 10 and 1000 ppm.

The resulting data were plotted as amount of Pb removed from solu-
tion per gram of clay versus pH. From the resulting curves, adsorption iso-
therms were constructed for individual pH values throughout the pH range 3 to 6.
Representative adsorption isotherms and plots of the data according to the
Langmuir (1918) adsorption equation were constructed for various pH values to
determine the maximum emount of Pb that could be adsorbed from the various solu-
tions by the two clay minerals and to try to gain insight into the mechanisms of
adsorption. The Langmuir equation in its linear form is:

c 1 ¢
Xm kb ' b [1]

where C = the equilibrium concentration of the metal ion,
x/m = the amount of the metal ion adsorbed per unit mass of clay,
1/b = the slope where b is the adsorption maximum, and
k = the slope/intercept, where k relates to the energy of adsorption,

The ebility of the two municipal leachates to complex metal ions,
particularly Pb, was studied. The leachates were centrifuged at 1000 rpm for
10 minutes and then filtered through a Millipore membrane (0.45 um pore size)
held in an anserobic-bacteria filter holder under argon pressure. The leachate
obtained after centrifugation and filtration was considered to contain only
soluble organic material and was used in the complex formation studies. Suc-
cessive aliquots of Pb were added to the leachate and equilibrated for several
hours., The concentration of free and complexed lead ions in solutions was de-
termined from pulse polarographic wave heights by using the methods and equip-
ment described by Gadde and Laitinen (1973a).

'Lead was removed from leachate solutions as a white precipitate at
PH values greater than 6., The precipitate was separated from solution on a
0.45 ym Millipore membrane, washed with deionized water, and dried at room tem-
perature., The chemical compound was then identified from its X-ray diffraction
pattern,

Results

The results of Pb removal from 25° C solutions of Du Page leachate
by kaolinite (fig. 1) and montmorillonite (fig. 2) clay minerals were plotted
as a function of pH. Similar results obtained for Pb removed from Blackwell
leachate by kaolinite are shown in figure 3. The data indicate that Pb removal
from landfill leachate increases as pH values increase and as the concentration
of Pb in solution increases. The increase in Pb concentration is indicated in
the figures by increasing alphabetical order. The initial Pb concentration,
micrograms of Pb added, weight of clay used, and volume of solution for each
alphabetical designation are given in table 2. A blank (no clay) solution of
leachate with Pb added was carried along through the experiment, and the results
appear in figures 1, 2, and 3.
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Data for Pb removel from leachate, plotted in increasing concentra-
tion, can be used to construct sorption isotherms by using the information given
in table 2 for values from pH 3 to pH 6. To construct Pb sorption isotherms,
a vertical line is first placed across the family of curves at the pH of in-
terest. The amount of Pb removed from solution is found on the graph at the
points where the vertical pH line intersects each curve. The equilibrium Pb
concentrations that correspond to the chosen pH value are then computed from
the amounts of Pb removed at each concentration, as determined from the graph
and the information for each Pb curve given in table 2, by using the following
relation: '

Pb added (pg) - (Pb removed (ug/g) x vt of clay)
Equilibrium Pb =

sample volume (ml)

Pb sorption curves were constructed by this method for several pH
values from the data in figures 1, 2, and 3. Representative sorption curves
from Du Page and Blackwell leachates are presented in figure b4, elong with sorp-
tion isotherms obtained at pH 5.0 and 25° C for Pb sorption from Pb(NO3); solu-
tions and 0.1 M NaCl solutions.

7500 €.000

7000

4000
€000

§
§

Pb removed from solution(mg/Q)
\\\\\ .

§

Pb removed from solution(mg/g)
w
8

2.000

2000
1000 ] A
1000 0800 /
0.600
053500 0400
/ 0200 10 ppm biank
cZD 30 %D‘ SO ‘6 o T0 ° 30 40 30 - 60
pH oH
Fig. 1 - Amount of Pb removed from Du Page Fig. 2 - Amount of Pb removed from Du Page
leachate by kaolinite at 25° C, plotted leachate by montmorillonite at 25° ¢,

as a function of pH. plotted as a function of pH.
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The sorption curves for the two iwoo[
leachates show a sharp upswing occur- , ¥
ring at equilibrium concentrations of
approximately 200 ppm Pb. Qualita~-
tively identical curves, also with a
sherp upswing at about 200 ppm Fb, [}
were obtained by using montmorillonite
clay. The data in figure 2 may be used
to support this finding. Sorption iso-
therms computed at pH 3.0 or 4.0 from
figures 1, 2, and 3 did not exhibit the
sharp upswing. A sharp upswing in a
sorption isotherm is generally viewed
as the initiation of precipitation of

an insoluble compound. That the sharp

rise in Pb removal at pH 5 occurred at )
about 200 ppm Pb under the CO partial 1,000 )

pressures in the flasks, while at pH / /

4.0 no sharp increase was observed, is / o -
consistent with solubility computa- ’4:_.——/-" 20 ppm blank

s, !
[
(4
..l
’rr‘
tions that assume PbCO3 formeation. o ’ a R /

25 30 35 40 45 50 85 60 €35 70

g

:

§

"%

ll‘
/1
/i
1 1
7 1

§

Pb removed from solution (mgA)
N

"To predict the maximum amounts of
Pb that could be sorbed by the two
clays from the various solutions, the
kaolinite sorption data plotted in
figure I and the sorption data obtained for montmorillonite were plotted ac-
cording to the Langmuir equation. The results appear in figure 5.

Fig. 3 - Amount of Pb removed from Black-
well leachate by kaolinite at 25° C,
plotted as a function of pH.

: The Langmuir equation described the data obtained for Pb(NO3), sorp-
tion by both kaolinite and montmorillonite and for Pb sorption from 0.1 M NaCl
solutions by kaolinite throughout the entire concentration range studied. The
results obtained for the leachates, however, were somevhat different., The Lang-

%0 muir equation described the sorption

up to Pb concentrations between 30 and

1o, : PoNOs)y 40 ppm, at which point a sharp change

20 in slope occurred, dividing the curves

® into two distinct linear regions. The
oo 0.4 M NoCi adsorption maximums computed from the
§ slopes of the lines shown in figure 5
e are given in table 3. From the values
: in table 3 & quantitative estimate of
E the sorption differences noted in fig-
w ure 4 and a comparison of the sorption

capacities of the two clays can be

i made. From the Pb(NO3), solution,

o montmorillonite sorbed approximately 5
T . %  times more Pb than kaolinite, while
Fig. 4 - Amount of Pb sorbed per gram of kao- from Du Page leachate it sorbed less
linite at pH 5.0 and 25° C, plotted as a than twice as much as kaolinite. This
function of the equilibrium Pb concentra- Tesult indicates that the competitive
tion. jons contained in landfill leachate
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lessened the relative sorption affinity of Pb for the montmorillonite propor-
tionately more than it reduced Pb sorption by kaolinite.

Discussion

The data presented above suggest that several mechanisms are respon-
sible for removal of Pb from solutions of varying ionic composition and pH.

Precipitation was found to be an important mechanism in removing Pb
from landfill leachates, as is shown by Pb removal from blenk solutions that
contained no clay (figs. 1, 2, 3). Losses of Pb from the Du Page leachate
vere observed at pH values above about 6 and in Blackwell leachate at pH val-
ues above 5. A white precipitate was observed forming in the leachate solu-
tions at pH values above 6. When it was filtered out, it was identified by its
X-ray diffraction pattern as a highly crystalline lead carbonate (PbCO3). The
peaks were sharply defined, and no peaks other than those attributed to PbCO3

TABLE 2—PARAMETERS USED TO COMPUTE SORPTION CURVES FOR REMOVAL
OF LEAD FROM 52 ml REACTION VOLUMES

Initial Pb
concentration Pb added Clay weight
Curve (ppm) (pe) (g)
Du Page leachate and A 9.62 500 0.500
kaolinite (fig. 1) B 19.23 1,000 0.500
c 38.46 2,000 1.000
D 57.69 3,000 1.000
E. 76.92 4,000 1.000
F 96.15 5,000 1.000
G 115.38 6,000 1.000
H 153.85 8,000 1.000
I 192.31 10,000 1.000
J 384.62 20,000 1.000
Du Page leachate and A ‘9,62 500 0.500
montmorillonite B 19.23 1,000 0.500
(rig. 2) c 38.46 2,000 1.000
D 57.69 3,000 1.000
E 76.92 4,000 1.000
F 96.15 5,000 1.000
G 115.38 6,000 1.000
;| 153.85 8,000 1.000
I 1 192.31 10,000 1.000
J 384.62 20,000 1.000
Blackwell leachate and A 19.23 1,000 1.000
kaolinite (fig. 3) B 38.46 2,000 1.000
c 76.92 4,000 1.000
D 96.15 5,000 1.000
E 192.31 10,000 1.000
F 288.46 15,000 1.000
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were observed. The diffraction pat-
tern is evidence that PbCO3 was the
compound responsible for removing Pb
from leachate solutions at the higher
pH values, and it is presumed to be
the cause of the apparent formation
of a precipitate at concentrations of
Pb greater than 200 ppm shown by the
sorption isotherms (fig. L4).

Stumm and Morgan (1962) showed
that the occurrence of metal hydroxyl
species can affect the sorption of
hydrolyzable metal ions. They found
that the pH at which metal hydroxyl
species formed corresponded to the pH
at which metal ion sorption became
significant. To check the effect of
hydrolysis of the Pb ion on its sorp—-
tion by clay at various pH values and
in solutions where no precipitate
formed to remove Pb, we used the dis-
tribution of various hydroxyl species
ina L4 x10™% M Pb(NO3), solution in
the pH range 3 to 8 obtained by Gadde
and Laitinen (1973b). They computed

the species distribution by using the constants given by Olin (1960).

00
0.09
0.08
oor
0.06 Keclinlte in
Du Poge leachate Kootinite in
0.1 M NeCl

Montmorillonite in
Du Page feachote

Montmorilionite in PB(NO3)e

—y®

=O 2% 5% 00 200 300 400 300
Equilibrium Pb concentration (ppm)

Fig. 5 ~ Lead sorption by kaolinite and mont-

morillonite at pH 5.0 and 25° C, plotted

according to the Langmuir equation.

tribution of Pb hydroxyl species, along with data obtained for sorption by
kaolinite from a solution with an initial concentration of 4 x 10~% M Pb as

Pb(NO3)2, is illustrated in figure 6.

The dis-

It is evident in figure 6 that species other than Pott are relatively

insignificant (< 1%) at pH values less than 6.
ere not related to the hydroxyl species of Pb but rather to the ot

Sorption at pH values below 6
ion. The

low Pb sorption at low pH values is apparently due to increased competition
for sorption sites, with H' and its related competitive effects on Pb sorption

caused by the dissolution of Al
1968).
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Fig. 6 - Distribution of Pb (II) species in
4 x 107" M Pb(NO3) and uptake by 0.1 ¢g
kaolinite from 60 ml of solution.

ions from the clay crystal lattice (Grim,
At pH values sbove 6, a sharp rise in Pb sorption occurred, coincident

with the formation of hydroxyl Pb
species., It therefore seems likely
that at least a portion of the ob-
served increase in Pb sorption with
increesing pH and the rapid increase
in the amount of Pb sorbed coincident
to the formation of monovalent Pb-
hydroxyl species are due to a cation
exchange mechanism, Table 3 presents
further evidence that cation exchange
is the principal mechenism for Pb re-
moval by clay minerals.

The sorption maximums for Pb(NO3),
solutions, computed from the slope of
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TABLE 3—MAXTMUM REMOVAL OF LEAD FROM pH 5.0 SOLUTIONS AT 25° C,
COMPUTED BY THE LANGMUIR EQUATION

Adsorption maximums

Clay and Micrograms/g Meq PbH/100 g clay
solution Region 1 Region 2 Region 1 Region 2
Kaolinite
Pb(NO3), - 15,914 - 15.36
0.1 M NaCl —_ 10,240 - 9.88
Du Page leachate 1,680 8,530 1.62 8.23
Blackwell leachate 986 2,401 0.95 2.32
Montmorillonite
Pb(NO3)p —_ 82,428 - 79.56
Du Page leachate 1,811 11,133 1.75 10.75

the Langmuir plots, for kaolinite and montmorillonite are 15.36 and T79.56 meq
Pott/100 g cley, respectively. These values can be compared to the cation ex-
change capacity (CEC) values of 15.1 for kaolinite and 79.5 meq/100 g for mont-
morillonite that were determined by the ammonium acetate method and reported
by Griffin et al. (1976). The CEC values are within 2 percent of the Pb sorp-
tion maximums computed from the Langmuir equation—Pb** sorption is merely
another method of measuring the cation exchange capacity of a clay.

Further evidence of & cation exchange mechanism is the reduction in
Pb sorption in solutions containing 0.1 M NaCl and also in the two leachates
as their total salt content increases. The decrease in Pb sorption is attrib-
uted to increasing competition for cation exchange sites by Na* in the 0.1 M
NaCl solutions and to an increase in the divalent cation competition in the
two leachates. For example, the Blackwell leachate contains much more Fe in
solution than the Du Page leachate (table 1). Such high levels of competing
ions could account for the very low Pb sorption observed in the presence of
landfill leachate compared to Pb sorption in pure Pb(NO3), solutions.

The results for Pb sorption from leachate (fig. 5), plotted accord-
ing to the Langmuir adsorption equation, show a distinet two-slope character.
A curve of this shape has been attributed to adsorption at sites of distinctly
different adsorption energy (Griffin and Burau, 19T7k). However, in the present
study, competition from other cations in solution seems to be responsible for
the change in slope, because it was observed only in the multicomponent cation
systems. Solutions of Pb(NO3), or NaCl did not exhibit the sharp change in
slope for Pb sorption that was observed for the leachates.

One of the assumptions of the Langmuir equation is that the adsorbent
surface is homogeneous with respect to the energy of the adsorption sites.
However, in a multicomponent cation system the sites are occupied by cations
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with various retention energies relative to Pb—that is, Pb .can displace cations
such as Na* much more easily than it can replace catioms such as Ca*t, This
displacement pattern probaebly affects the shape of the adsorption isotherm be-
cause the lower energy sites are preferentially filled—Fb first exchanges with
a cation, or a group of cations, that have the lowest exchange energy. This
phase of the sorption brings about the initial slope of the Langmuir plot. As
the concentration of Pb in solution is increased, the chemical potential gra~
dient is increased until it is sufficient to initiate exchange of the cation,
or group of cations, with the next highest level of energy of retention rela-
tive to Pb. Initiation of this second energy level of exchange probably pro-
duces the sharp change in slope of the Langmuir plots in the leachate solutions

(rig. 5).

The observed reductions in over-all Pb sorption can be attributed to
the tendency of Pb to form metal-organic complexes with the organic compounds
present in landfill leachate, as well as to competition for cation exchange
sites. These metal-organic complexes can lower the activity of the Pb in solu~
tion, thus reducing the chemical potential gradient for sorption. Gadde and
Laitinen (1973a) showed that Pb forms stable complexes with organic compounds
found in soils and that these compounds were able to solubilize Pb present in
different forms in the solid phase.

To determine the role of Pb-organic complexes in the observed Pb sorp-
tion reductions in leachates, the complexing capacity of Pb in the two leachates
was measured. In the Du Page Jeachate, the extent of complexation (ppm com-
plexed) was found to be 22 ppm at a Pb concentration of 200 ppm. It is clear
from the above data that only about 11 percent of the Pb is complexed, and it
would take more than 50 percent complexation to explain the reduction in Pb
sorption in terms of an organic complexing mechanism,

The fact that formation of a Pb-organic complex cannot be used to ex-
plain more than a small fraction of the observed reduction in Pb sorption is
emphasized by the results obtained from Blackwell leachate. Addition of suc-
cessive aliquots of Pb to blanks and to the Blackwell leachate gave approxi-
mately the same incremental response (pA-current) in the wave for free lead
ion. Up to 80 ppm total Pb, no apparent complexation of Pb was observed. Fett,
or its weak complex with leachate, is presumed to have produced the large in-
crease in polarographic current observed at a potential ~1.4 V. Apparently,
Pb++ is either unable to compete with Fet+ or other cations present in large
amounts in Blackwell leachate, or the leachate has little or no complexing
capacity. The former explanation appears the more plausible.

We concluded that Pb removal from solution is primarily an exchange-
adsorption reaction affected by pH and ionic competition. The formation of
Pb-organic complexes was concluded to be of secondary importance in landfill
leachates because competition from concentrations of other cations was high.
At pH values sbove 6, removal of Pb from solution by clay can be expected to
increase substantially, owing to either increased adsorption of Pb-hydroxyl
complexes or the formation of PbCO3 in lendfill leachates. :
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TABLE L—THICKNESS OF A SQUARE METER OF A LINER CONTAINING 30 PERCENT CLAY
NEEDED TO REMOVE LEAD FROM T62 LITERS (201 GALLONS) OF SOLUTION PER YEAR

Thickness (cm/mz) of liner 1301 clay)

10 ppm Pb 100 ppm Pb 1000 ppm Pb

Clay and at pH at pH at pH
solution 3 5 8 3 5 8 3 5 8
Kaolinite

Pb(N03)2 — <1 - 5.3 1.8 <1 - 10.0 -—

0.1 M NaC1 —_ <1 _ -— 2.3 —_— -_— 15.5 —

Du Page 15.9 2.1 b 28.9 6.4 A 79.4 * *

Blackwell 19.8 4.0 o 49.6 11.3 . 264.6 * .
Montmorillonite

Pb(N03)2 - <1 - - <1 - - 1.93 —

Du Page 9.9 1.8 * 13.2 3.7 * 18.0 * *

"#Precipitation as Pbco3

Application of Results to Design of Disposal Sites

How thick & proposed clay liner must be to remove all Fb from lang-
£ill leachates, from industrial waste streams of similar ionic strength to the
leachates (0.1 M NaCl), or from Pb(NO3), solutions at various pH values and Pb
concentretions can be determined from the data collected in this study. The
results of the computations are presented in table k.,

The table gives the thickness of a square meter of a liner, packed
to a bulk density of 1.60 g/cc, that contains enough clay (30 percent) to re-
move all the Pb from 762 liters (201 gal) of solution. That particular volume
is the amount of leachate generated from a typical sanitary landfill contain-
ing municipal solid waste 3 meters (10 ft) deep and having an ennual net in-
filtration of 254 mm (10 in.) of rainfall (U.S. EPA, 197k). The thicknesses
of the clay liner given in the table, therefore, are those needed per square
meter of liner for total removal of Pb for a year at the given concentrations
of Pb and pH values. They are, of course, the minimum thicknesses possible be-
cause they represent an idealized situation. The actual thickness necessary
in & field application will be somewhat greater to allow for nonequilibrium
conditions, physical dispersion, diffusion, and normal engineering safety factors.

Teble b indicates that only relatively thin layers of clay, especially
of montmorillonite, are necessary for removal of Pb unless the pH values are very
acid and the Pb concentrations are high. The high sorption capacity of clay
minerals and the reversible nature of exchange edsorption reactions have im-
portant environmental consequences. Soils and surface waters may change in
ionic composition or pH as envirommental conditions change. A sudden decrease



-1l -

in pH may release large amounts of potentially toxic Pb into the aqueous phase,
particularly in places where PbCO3 has accumulated. Cations, especially di-
valent and trivalent cations, compete with Pb and may exchange with it, thus
allowing Pb to come into solution. These multiple interactions must be con-
sidered when the environmental impact of Pb is assessed and a disposal site is
designed.

COPPER, ZINC, AND CADMIUM ADSORPTION

The adsorption of copper, zinc, and cadmium from & landfill leachate
by keolinite and montmorillonite clay minerals was measured as a function of
pH. Included in the study was an investigation of adsorption by earth materi-
als of low concentrations of heavy-metal ions from deionized water solutions
and their removal (adsorption plus precipitation) from a leachate in the pH
range 2 to 8, Our results reveal the mobility of Cu, Zn, and Cd in soils ir-
rigated with leachates and can be applied to the design of clay liners for
municipal and industrial waste disposal sites.

Theoretical

In any adsorption study, the amount adsorbed by an adsorbent is
usually measured as a function of adsorbate concentration in the medium sur-
rounding the adsorbent. It is generally desirable to be able to fit the ad-
sorption data to an adsorption isotherm equation so that "parameters" associated
with the adsorption isotherm can be calculated and used for comparisons and
correlation with other data. The Langmuir equation (equation [1]) has been used
extensively in studies of adsorption of ions from solution by soils and clay
minerals. The application of equation [1] to experimental data for Zn adsorp-
tion by soils (Shuman, 1975) has produced two linear regions of the plot. Fol-
lowing the lead of Syers et al. (1973), Shuman attributed the two regions to
two types of adsorption sites. However, the adsorption model upon which equa-
tion [1] is based assumes that the surface of the adsorbent contains only one
type of adsorption site. Therefore, there is only wesk justification for argu-
ing the existence of two sites on an adsorbent surface vhen a one-site model
equation has been applied to the experimental data. In addition, equation [1]
at low concentrations reduces to

x/m = kbC, [2]

Therefore, equation [2] has no significance at low concentrations, even though
c/(x/m) values can be calculated and plotted. If a two-site adsorption model
is to be discussed, then the following equation should be applied to the exper-
imental data:

k3b)C koboC [3]
(x/m)itar = * T et () T35 C

where a = fraction of sites with bonding-energy coefficient kj. In practice,
equation [3] is difficult to apply to experimental data.
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The linear form of the Langmuir equation (equation [1]) holds best
for the plateau region of the adsorption isotherm (high concentrations). This
i8 true regardless of the equilibrium concentrations, because the deviations
from the linear plot occur as the equilibrium concentration approaches zero.

A close look st equation [1] confirms this point. At or near the plateau re-
gion of the adsorption isotherm, x/m is essentially constant, and hence the
real plot is C/constant versus C, which must be & straight line. But at low
concentrations, where x/m is increasing as C is increasing, values of C/(x/m)
can change at & faster rate than they do at higher concentrations, at which C

is the only varisble changing to an appreciable extent. Therefore, all Langmuir
plots (equation [1]) will probably show two or more straight-line segments if
data points are obtained at sufficiently low and high concentrations.

The most important point ignored by the application of equation [1]
to the adsorption of cations from solution by soils and clay minerals is that
the adsorption process is primarily one of cation exchange, and for every cation
adsorbed one or more cations must be desorbed. The latter can then compete for
adsorption sites. Boyd, Shubert, and Adamson (1947) developed en adsorption
equation for the simultaneous competitive adsorption of two equally charged
cations, A and B, By formal analogy with the Langmuir (1918) equation for ad-
sorption from a binary gaseous mixture, the following equation is obtained:

® K, [Kp (Cy[C5) [1]
(X/m)A = 1+ KA/}LB (C{/CB‘)*'

The linear form of equation [4] is

s _ % [5]

Zx/m)A KA‘D ch

Where the concentration of A is low compared to the concentration of B, so that
adsorption of A does not produce a detectable change in the concentration of B
(e.g., adsorption on a Ca-saturated cley from solutions with a high Ca content),
a plot of CA/(x/m)A versus C, should be linear. The plot should also be linear
when (x/m)p approaches the cation exchange capacity (CEC), because Cp would then
become a constant value and would not change as Cp changes. From equation [L4]
it can be seen that the amount adsorbed, (x/m)A, must depend upon the ratio of
the equilibrium concentrations of the exchanging cations and not upon the actual
concentrations in solution. Where CB >> Cp, (x/m)A will become & linear func-
tion of Cp, and when Cp >> Cp, (x/m)p.will become a constant and independent of
the concentration of A.

Equation [4] shows that, under appropriate experimental conditions,
the amount of exchange-adsorption should be independent of the solution concen-
tration of the cation adsorbed. If the migration of a cation through soils or
clays is to be studied by measuring its adsorption from & pure solution, then
a fixed weight of soil sample and a fixed solution volume should be maintained
throughout the concentration range being studied. However, it is not sufficient
to measure the exchange-adsorption from pure cation solutions. For example, to
determine how far the Cu, Zn, or Cd in 250 ml of 200 ppm deionized water solu-
tions will migrate down & clay column, the following procedure should be used.
One gram of clay is placed in the 250 ml of solution (initial concentration, C);
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adsorption will occur to give an equilibrium concentration, C;. In the process,
(200 - C;) x 0.25 mg of cation is adsorbed, and an equivaleni number of moles

of exchangeable cations on the clay will be desorbed. Hence, the solution phase
will now contain a mixture of cations, and the amount of exchange-adsorption

of a particular cation will be less than the amount of exchange-adsorption meas-
ured from a pure solution with a concentration of Cj. This process should be
carried out stepwise, C to C;, C; to C2, « « « 5 Cp-) to Cp, until C, + O. Thus,
the amount of adsorption from solution concentration C; will depend on the in-
itial concentration of the solution from which C; was derived.

Experimental

The clay minerals and leachate used are the same as those used in the
Pb adsorption test. After pH adjustment, all clay-leachate or clay-deionized
water suspensions were shaken in & constant-temperature bath at 25 %+ 0.5° C
for at least 24 hours to insure complete equilibration. The equilibrium pH
values of the clay suspensions were measured, the clay suspensions centrifuged,
and the supernatant solutions analyzed by atomic absorption spectroscopy for
their Cu, Zn, or Cd concentrations. Blanks (i.e., no clay) of leachate spiked
with the heavy metals or deionized water solutions that had been prepared along
witl the clay suspensions also were analyzed to determine the initial Cu, Zn,
or Cd concentrations present in the solutions. The amount of Cu, Zn, or Cd re-
moved from solution by a given clay at a particular pH was calculated as (in-
jtial equilibrium concentration) X (solution volume/sample weight) / 1000. The
amount of Cu, Zn, or Cd removed from solution was plotted as a function of pH,

Three types of experiment were conducted on the removal of Cu, Zn,
and Cd by the clay minerals from deionized water solutions of Cu, Zn, or Cd
nitrates. In the first, 1.000 g of kaolinite or montmorillonite and 50-ml al-
iquots of the appropriate nitrate solution were placed in 125-ml Erlenmeyer
flasks. The approximate concentrations chosen were 25, 50, 100, and 200 ppm
Cu and 10, k0, 200, and 400 ppm Zn for both kaolinite and montmorillonite; 100,
200, and 500 ppm Cd for kaolinite; and 100, 500, and 1000 ppm Cd for montmoril-
lonite. Three or four replicate clay suspensions were prepared for each con-
centration of Cu, Zn, or Cd. The pH values of the replicate clay suspensions
were adjusted to various values in the pH range 4 to 6 with dilute HNO3 or
dilute NaOH solutions. The use of NaOH was avoided if possible because Na ions
can compete for adsorption sites.

In the second type of experiment, the weight of the clay sample and/or
the volume of solution were chosen so that the total amount of Cu, Zn, or Cd
in solution per gram of clay would be a constant. The quantities used were
sbout 12.5 mg of Cu/g of kaolinite (i.e., 250 ml at 25 ppm Cu/0.5 g) at 10, 25,
125, 200, and 500 ppm Cu; about 62.5 mg of Cu/g of montmorillonite (i.e., 250
ml at 25 ppm Cu/0.10 g) at 25, 125, and 500 ppm Cu; sbout 20.0 mg of Zn/g of
kaolinite (i.e., 50 ml at 40 ppm 2Zn/0.10 g) at 10, 4O, 200, and 400 ppm Zn;
sbout 100 mg of Zn/g of montmorillonite (i.e., 250 ml at 4O ppm Zn/0.10 g) at
10, 40, 200, and 40O ppm Zn; about 25.0 mg Cd/g of kaolinite (i.e., 50 ml at
50 ppm C3/0.10 g) at 20, 50, 200, and 500 ppm Cd; and about 125.0 mg Cd/g of
montmorillonite (i.e., 250 ml at 50 ppm Cd/0.10 g) at 50, 100, 200, and 1000
ppm Cd. Three or four replicate suspensions were prepared for each concentra-
tion of Cu, Zn, or Cd. The pH values of the replicate clay suspensions were
adjusted to various values in the pH range b4 to 6.
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In the third type of experiment, stepwise removal of Cu, 2Zn, or Cd
from solution was studied. Some experiments of the second type that used 250-
ml solutions were used as the first step in the third type of experiments. For
the second step, the supernatant solutions from replicate clay suspensions in
the first step were sampled for analysis and then mixed together. The combined
solution was used with fresh clay samples to prepare three replicate clay sus-
pensions, which were adjusted to various pH values in the pH range 4 to 6. The
supernatant solutions from the second step were used in & third step, etc.

Experiments on the removal of Cu, Zn, or Cd from leachate were carried
out by pipetting 50-ml sliquots of leachate into 125-ml Erlenmeyer flasks. Ei-
ther the leachate had been spiked with Cu, Zn, or Cd nitrates to give the de-
sired concentration prior to the previous step, or 2.0 ml of an appropriate stock
solution was pipetted into the flasks containing the 50-ml aliquots of nonspiked -
leachate. Several replicates were prepared for each concentration of Cu, Zn,
or Cd used. The pH values of the replicate spiked leachate solutions were ad-
justed to various values throughout the pH range 2 to 8. Samples of either kao-
linite or montmorillonite were then weighed out and transferred to the flasks.
The weight of clay used was chosen so that the amount of Cu, Zn, or Cd removed
from the leachate solutions could be determined with some precision from the
difference between the initial and final solution concentrations.

We had learned during preliminary experiments that when the pH of =&
clay-leachate suspension was adjusted to a particular value the pH of the sus-
pension would rise when the suspension was shaken and that the removal of Cu,

Zn, or Cd increased with increasing pH. Therefore, addition of the clay to the
spiked leachate solutions after pH adjustments have been made avoids such poten-
tial problems as the possible irreversible removal of Cu, Zn, or Cd. The ir-
reversible removal could occur if the pH of the prepasred clay plus spiked leachate
suspension were high and the pH of the suspension were then adjusted to & much
lower value. The experimental procedure used should produce data on true equi-
librium removal.

Several individual experiments also were carried out in which clay
samples were placed in & mixture of 50-ml aliquots of pH 5 leachate or deionized
water and 2-ml aliquots of different stock solutions. The pH of the resulting
suspensions was repeatedly adjusted to 5.0 until equilibrium was obtained.

Results and Discussion

The amount of Cu, Zn, or Cd removed from deionized water solutions was
plotted against pH. Except in certain cases, very significant increases in the
amounts removed were observed as the pH rose from 4 to 6. The initial concen-
tration of Cu, Zn, or Cd in solution, the weight of the clay used, the final so-
Jution volume after pH adjustments, and the removal versus pH curves themselves
can be used to construct "adsorption," or "removal" (adsorption plus precipita-
tion) isotherms at different pH values by means of the following equation:

Equilibrium cohcentration (ppm) = initial concentration (ppm) -

amount removed (mg/g) x wt of clay (g) x 1000 (6]

final solution volume (ml)
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Isotherms were calculated from the
data recorded for the deionized water
solutions at pH 5.0, and the results
are shown as isotherm types I, II, and
III in figures T and 8.

The isotherms called type I (figs.
7 and 8) are those obtained when 1.00
g of kaolinite or montmorillonite was
placed in about 50 ml of Cu, Zm, or Ccd
solution. The total Cu, 2n, or Cd
present in 50 ml of solution at vari-
ous concentrations is given in table
5. For kaolinite (CEC 15.1 meq per
100 g), 75.5 umoles of a divalent cat-
ion per g would be required for com-
plete exchange; for montmorillonite
(CEC 79.5 meq per 100 g), 397.5 umoles
per g would be required for complete
exchange. Therefore, as indicated in
table 5, at low concentrations of Cu,
Zn, or Cd, insufficient cations are
present in 50 m1 of solution for com-
plete exchange of 1.00 g of clay (es-
pecially montmorillonite). The amount
of Cu, Zn, or Cd that can be adsorbed
is therefore necessarily limited by
the number of Cu, 2Zn, or Cd ions ini-
tially present in solution. The number
of Cu, Zn, or Cd ions actually ad-
sorbed will depend on how extensively
the desorbing Ca ions compete with the
Cu, Zn, or Cd ions remaining in solu~
tion. The isotherms of type I in fig-
ures T and 8 represent the amount of
Cu, Zn, or Cd adsorption by 1.00 g of
clay from about 50 ml of solution.

The isotherms of type II in fig-
ures 7 and 8 were obtained when the
weight of clay samples and/or solution
volumes were adjusted so that the ra-
tios (total number of Cu, Zn, or Cd
jons to number of exchangeable cati-
ons on the clay samples) were held
about constant (at least 2:1) and in-
dependent of the concentrations in the
initial solution. Although an equil-
ibrium concentration of Cu, Zn, or Cd
(Cp) could not be considered to be
much greater than the concentration of
desorbing Ca ions (Cg), the ratio of

KAOLINITE

(mg/9}

Equilibrium concentration (ppm)

Fig. 7 - Amount of Cu, Zn, or Cd removed
from solution per gram of kaolinite at
pH 5.0 and 25° C, plotted as a function
of the equilibrium concentration. Curve
I—fixed weight of clay -per fixed solu-
tion volume; Curve II—total amount of
clay exchangeable ions per total amount
of Cu, 2n, or Cd ions in solution held
about constant; Curve III—stepped iso-
therms; Curve IV—Du Page leachate iso-
therms. Open symbol data points were
obtained from clay suspensions adjusted
several times to pH 5.0 instead of be-
ing calculated from removal curves at
pH 5.0.

TABLE 5—TOTAL Cu, Zn, OR Cd IN 50 ML

OF SOLUTION
Initial concentration Copper Zinc Cadmium
in solution (ppm) (pmoles in 50-ml solution volumes)

4 3.15 3.06 1.78
10 7.87 7.15 k.45

25 19.7 17.9 11.1

ko 31.5 30.6 17.8

50 39.4 38.2 22.2

100 78.7 76.5 4.5

200 157.4% 153.0 89.0

400 314.8 306.0 178.0

500 393.4 382.5 222.5

1000 786.9 765.0 445.0
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Cap/Cp should be constant; hence, equa~
tion [4] says that (x/m)p should be
constant end independent of Cp. This
is shown by the isotherms of type 1II
in figures 7 and 8. The "scatter" in
the experimental data points for the
isotherms of type II is attributed to
experimental errors caused primarily
by problems in measuring accurately
the small changes in the concentration
that are due to adsorption. These er-
rors must then be multiplied by large
factors to compute the amount of metal
removed per gram of clsay.

The isotherms of types I and II,
plotted according to the 1linear form
of the Langmuir equation (equation
[1)), are shown in figures 9 and 10.
The Langmuir plots for the isotherms
of type I (1.00 g clay per 50 ml solu-
tion) show a definite two-slope char-
acter; in fact, three linear segments
of the Langmuir plot appear to exist
for Cu-montmorillonite. The Langmuir
plots (fig. 10) of the isotherms of
type II for montmorillonite (the total
amount of Cu, 2Zn, or Cd initielly
present in solution per g of clay was
held sbout constant) show only a one-
slope character throughout the concen-
tration range investigated. The C/(x/m)
values definitely approach zero as the
equilibrium concentration approaches
Zero. This is precisely what should
occur if the competitive Langmuir
equation (equation [4]) is valid, be-
cause equation [4] says that, if the
equilibrium ratio Cp/Cg is constant,
(x/m)p is independent of the actual
concentration, and, therefore, as Cp
approaches zero, Cp/(x/m)p must ap-
proach zero.

The Lengmuir plots (fig. 9) for
the Cu and Cd isotherms of type II
with kaolinite do show a two-slope
character. It was observed during the
Cu adsorption experiments that the pH
of the Cu-kaolinite suspensions in de-
ionized water decreased when the flask
was shaken, thereby indicating that
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Fig. 8 - Amount of Cu, Zn, or Cd removed
from solution per gram of montmoril-
lonite at pH 5.0 and 25° C, plotted
as a function of the equilibrium con-
centration. Numerals and symbols have
same meaning as in figure 7.
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Fig. 9 - Cu, 2n, and Cd removal by kaolinite
in deionized water solutions at pH 5.0
and 25° C, plotted according to the
Langmuir equation. Numerals refer to
corresponding isotherms in figure 7.
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hydrolysis of the Cu*2 ion was occur- MONTMORILLONITE

ring in solution (i.e., Cu*? + H0 = T e B
CuOH* + H*, etc.). Data on hydrolysis  * -
of cations (Mesmer and Baes, 197h) = © Zn cd -
show that no appreciable concentra~ 2 1

tions of CuOH* or Cup(OH),;%2 will ex~

ist in solutions of low Cu concentra- »- /

tion below pH 7, but in the pH range -—wj ¢ ¥,

5 to 6 precipitation can occur from . T

solutions of about 40O ppm Cu. Thus, Je o i

precipitation is a reasonsble explana- o

tion for the occurrence of the second o ;

slope in the Langmuir plot for Cu-kao- & /

Jinite. Although similar arguments o //

could be advanced for the Cd-kaolinite o4

Langmuir plot, the Mesmer and Baes

(1974) data indicate that, in the 6 Godosbo & Zodoslo 5 o 2o sbo abo sio edo rio
range of Cd concentrations used, hy- Equilibrium  concentration (ppm)
drolysis and precipitation cannot be Fig. 10 - Cu, Zn, and Cd removal by montmoril-

considered as contributing factors to lonite in deionized water solutions at pH
the "adsorption" of Cd by kaolinite 5.0 and 25° C, plotted according to the
around pH 5.0. Langmuir equation. Roman numerals indi-

cate corresponding isotherms in figure 8.

Shuman (1975) obtained two-slope
Langmuir curves when he plotted data for Zn adsorption by Georgia soils accor-
ding to equation [1]. John (1972) found no significant correlation between the
CEC values and Langmuir Cd adsorption maximums for 30 different soil samples.,
Both Shuman and John used a fixed weight of soil and a fixed volume of solu-
tion in the adsorption measurements. The results of our study indicate
that both Shuman and John would have obtained somewhat different results and
conclusions if they had equilibrated their soil samples with sufficient so-
Jution volumes of low Zn or Cd concentration so that the total Zn or Cd
content of the solutions would exceed the CEC values of their respective
soil samples. The appropriate solution volumes will necessarily depend
on the CEC values of the soil samples (the larger the CEC values, the larg-
er the solution volume that will be required) and what kind of exchangeable
cations are present on the soil.

The isotherms of type III in figures 7 and 8 are "stepped" isotherms.
These isotherms show the competitive effect of the desorbing exchangeeble cat-
ions initially present on the clay minerals on the removal of other heavy-metal
cations from solution. The isotherms of types I and II in figures 7 and 8 do
not provide sufficient information for prediction of the migration of Cu, Zn,
or Cd in pure solutions through the soil.

The adsorption data plotted by using the linear form (equation [5])
of the competitive Langmuir equation (equation [4]) are shown in figures 11
and 12. It was assumed that the number of ions (presumed to be all Ca, which
is more reasonable for kaolinite than montmorillonite) desorbed from the clays
into solution equals the amount of Cu, Zn, or Cd adsorbed from solution., It
can be shown that

Cp (ppm)/ACy (ppm) = Cp (moles/1)/Ccq (moles/1)
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where Cp = equilibrium concentration
of Cu, Zn, or Cd and ACp = Cypitial -
Ca, so that (CaA/ACp)/(x/m)p versus
(Cp/b6Cp) was plotted in figures 11 and
12, For stepped isotherms, the ACp used
included the ACp values from previous
steps. Although the data show appre-
ciable scatter, reasonably straight
lines can be drawn through most of the
data points, which include &l1l1 data
plotted for deionized-water solution
isotherms I, II, and III in figures T
and 8. Where some data points 1lie
above the line drawn through the data
points, C/AC is generally small and
the number of ions adsorbed (x/m) is
limited by the total number of ions
initially present in solution. Nega-
tive deviations from the main linear
region can occur when equation [1] is
used for low concentrations. Positive
devietions from the mein linear region
can occur when equation [5] is used
for smell values of C/AC.

The adsorption meximums calculated
from the Langmuir plots of type II in
figures 9 and 10 and the competitive
Langmuir plots in figures 11 and 12
are given in table 6.

The gquestion aerises as to why, if
cation exchange is the primary adsorp-
tion mechanism, there is such poor
correlation Dbetween the adsorption
maximums calculated from the CEC val-
ues and the experimental adsorption
maximums. Bittel and Miller (197L)
have determined the selectivity coef-
ficients for Cd/Ca on kaolinite and
montmorillonite to be sbout 1 (i.e.,

TABLE 6~COMPARISON OF LANGMUIR AD-
SORPTION MAXIMUMS IN DEIONIZED
WATER WITH CEC VALUES

Copper Zine Cadmiux
(mg/g) {mg/g) {mg/E)
Source K* nt K .| ) 4 ]

I1 - Langmuir plots 3.08 185 2.86 19.2 5.0 31.2
(Pigs. 3 and k)
Jangmuir plots 3.33 21.0 3.00 23.6 - 50.0
(Figs. 5 and 6)

Calculated from CEC 4.80 25.3 4.98 26.0 B8.45 M.B
values (table 1)

¢ Kaolinite. + Montmorillonite.

KAOLINITE

(C/aC) /7 (x/m) x
°
]
\;
T

05+ /l L
" 1 1 1 . 1 PO B |
00 =
15 Cu / 2
. ol L
1o &
05 . h" . & a
00 } M 1 J T LR T
00 Lo 20 30 40 80 60
c/ac

Fig. 11 - Cu, Zn, and Cd removal by kaolinite
in deionized water solutions at pH 5.0
and 25° C, plotted according to the com-
petitive langmuir equation (equation [5]).
The data-point symbols correspond to
those used in figure 7.

MONTMORILLONITE

1.0 =

{C/aC) /7 (x/m) x 10*

c/AC
Pig. 12 - Cu, 2n, and Cd removal by montmoril-
lonite in deionized water solutions at pH
5.0 and 25° C, plotted according to the
competitive Langmuir equation (equation

- [5]). The open symbols have the same
meaning as those in figure 7.
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Ca and Cd ions compete on about an KAOLINITE
equal basis for adsorption sites), but T L
they do not specify a pH for their ex- 2507 [
perimental measurements. The data ob- 2.0 -
tained in our study indicate that the 704 Cu Zn i
selectivity coefficients for Cu, Zn,
and Cd on Ca-saturated kaolinite and "] i
montmorillonite are less than 1 at pH o 90- uooo! -
5 and epproach 1 at higher pH. There- £ 50 7
fore, the experimental adsorption max- H o /30
imums for Cu, Zn, .or Cd would not ap- 2 '°7 e T .1
proach the CEC values until the equi- 'E' 09 \ (;a F
librium ratio C/Cpy, was larger than o g ) 525mf_
was the case in any of our experi- . g%g;
ments, because the adsorption maximums % 0.7 J/ ° ) i
will, of course, show definite pH- Eoeq” I 1 -
dependence. Prior to the onset of pre- =, |525ms l L
cipitation, which is dependent on both 5 j e
concentration and pH, decreasing com- E 041 D /{ 195 |
petition from H* and increasin% con~ 0.3 / 138 / ) ‘ .
centration of hydrolyzed ions \e.g., i ) gl
Cup (OHy )*2, ZnOH{, and CAOH+) are pos-— °*1/ /4 .‘/:5/51%'“' ,./ ? /‘9‘4
sible reasons for the "adsorption" to o4 ,/ s é . .../4{/". =
a 8

increase as pH increases.

o
()
)

T 1 T 1
6 8 2 4 6

Curves for pH versus the removal
of Cu, Zn, or Cd from leachate by kao-
linite and montmorillonite are shown
in figures 13 and 1L, respectively.
The data listed beside each curve and
in the figure captions were used in
equation [6] to calculate the iso-
therms of type IV at pH 5.0 (figs. T
and 8) so that direct comparisons
could be made with the deionized-water
isotherms. Figures 7 and 8 show that
the removal from leachate is appreciably lower than the removal from deionized-
water solutions. Boyd, Shubert, and Adamson (1947) gave a general expression
for the exchange adsorption of a cation, A, from a mixture of equally charged
cations in solution:

Fig. 13 - Amount of Cu, Zn, or Cd removed
from Du Page leachate solutions by kao-
linite at 25° C, plotted as a function
of pH. The plots are labeled with the
initial solution concentration (ppm)
of Cu, Zn, or Cd from which each plot
was obtained. Unless otherwise indi-
cated, 2.0 g of elay and a total leach-
ate solution volume of 50.5 ml were
used to obtain each data point.

b Kp Cp
(x/m)p = . [7]
ell J

Equation [7] says that the exchange adsorption of any one cationic species at
constant concentration will decrease as the concentrations of other cationic
species increase. Thus, from solutions of high ionic strength, the amount of
Cu, Zn, or Cd removed cannot easily approach the CEC of the soil or clay min-
eral, as is true in the case of exchange-adsorption from solutions of low ionic
strength.
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The sharp

1

87

A

curves shown in figures

bonates.

N

40- i -
as / g8 i f:;_ at pH 5.0. The reduction of Zn and Cd
1 /4/ 4 | is about the same for kaolinite and
30+ / . Joe i montmorillonite, but the reduction in
.zs-.’; * \ /)/” ¢ - the amount of Cu removed from the
E,0- °l 4 W .- i leachate is apprecisbly greater for
8" ree 14 s montmorillonite than for kaolinite.
< 154 K fo 1og, .f‘ /' i This is because the Cu is
104 /o’ 52.5m! /,lf: e ) . by a combination of exchange-adsorp-
oo 94 tion and precipitation.
°‘5_-'§.—:’::")§§‘_5m, %/ 0/37 i Cu removed by precipitation,
oo LM S AL S A R ﬁ‘r'é—";—‘ ample 1 mg/g, will be about the same
pH for leachate solutions at pH 5 whether
kaolinite or montmorillonite is pres-
Fig. 14 - Amount of Cu, 2n, or Cd removed ent in solution. However, the 1 mg/g

from Du Page leachate solutions by
montmorillonite at 25° C, plotted as

a function of pH.

labeled with the initial solution
concentration {ppr) of Cu, Zn, or

Cd from which each plot was obtained.
Unless otherwise indicated, 0.5 g of
clay and a total leachate solution
volume of 50.5 ml were used to obtain

each data point.

The plots are

by forming Cu(OH)3, etc., ioms.

The amount of Cu, Zn, or Cd removed from leachate has no significant
apparent dependence on leachate volume, as can be seen from the leachate iso-
therms (figs. 7 and 8) on which data points obtained for different weights of
clay sample but constant leachate volumes have been plotted on one isotherm
However, the amount removed could become dependent on the leachate vol-

curve.

is
kaolinite while

ite.

leachate, therefore,

proportionally  the same for

clays. The removal of Cu from leachate
reaches a maximum ebout pH 7 (figs. 13
and 14) and then decreases as the pH increases. This behavior is due to the am-
photeric character of Cu(OH), precipitates, which redissolve in basic solutions

ume if the clay sample is very large.

Equation [7] implies that at a given ionic strength, where

is about constant and large compared to 1, (x/m)

= Constant x CA'

therms for Cd (figs. 7 and 8) are linear to quite high concentrations.

rise in the removal
13 and 1k can
easily be interpreted, with the aid of
information assembled by Mesmer and
Baes (197k4), as being caused primarily
by precipitation of Cu, ,2n, or Cd car-
bonates, hydroxides, or hydroxide-car-
Much less Zn and Cd is re-
moved from the leachate by both kao-
linite and montmorillonite than was
removed from deionized water solutions

The amount of

about 20 percent of the CEC for
it is only about b
percent of the CEC for montmorillon-
The decrease in removal from
appears much
greater for montmorillonite than for
kaolinite although the actual decrease
in Cu exchange-adsorption is probably

I KiC
allJJJ
The iso-
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The isotherms for Cu, Zn, or Cd removal from leachate were not plotted
according to the linear form of a Langmuir adsorption isotherm equation, al-
though, most assuredly, straight line plots would have been obtained and "ad-
sorption" maximums could be calculated. The reasons for not plotting them were,
first, none of the leachate isotherm plots have really reached the plateau re-
gion in the concentration range studied (up to 1000 ppm). Second, any adsorp-
tion maximums calculated from the Langmuir plots would be somewhat meaningless
because the amount of exchange-adsorption from leachate is limited by competi-
tion, owing to the high ionic strength of the leachate rather than because all
the adsorption sites have been occupied by Cu, Zn, or Cd ions as is implied
with a Langmuir adsorption meximum. Third, if an adsorption meximum is calcu-
lated from the rising part of an isotherm, it represents the amount adsorbed
at some higher hypothetical concentration that may or may not lie on the real
adsorption isotherm. Finally, our purpose was to determine the maximum amount
of Cu, Zn, or Cd that can be removed by kaolinite or montmorillonite from leach-
ate at any concentration up to approximately 1000 ppm. As we heve seen for re-
moval from deionized water, with appropriate experimental conditions the amount
removed is relatively independent of concentration and is proportional to the
CEC values of the clays. It would presumably approach the CEC at higher (vol-
ume)/(weight of clay) ratios. But with leachate the ionic strength is not a
variable to be adjusted, and the conditions cannot be created under which at low
concentrations of Cu, Zn, or Cd the ratio of the (equilibrium concentration of
Cu, Zn, or Cd)/(concentration of other cations) is large. The maximum amount
removed must then be a function of the ionic strength of the leachate, the CEC
of the clay sample, and the pH of the leachate. Therefore, the maximum amount
removed at any concentration and pH from leachate (or for that matter any solu-
tion) is simply the value read from the removal isotherm itself at a designated
concentration.

Summary and Conclusions

Under appropriate experimental conditions, the amount of Cu, Zn, or
Cd exchange-adsorbed from deionized water by purified kaolinite and montmoril-
lonite clay minerals is relatively independent of the equilibrium concentration
of Cu, Zn, or Cd. However, the maximum amount of Cu, Zn, or Cd adsorbed in our
experiments was related to, but not equal to, the CEC values of the clay miner-
als, probably because the desorbing Ce ions effectively competed with the Cu,
Zn, or Cd ions present in solution. If cation-exchange adsorption experiments
are carried out at constant (solution volume)/(sample weight) ratios for Cu,
Zn, or Cd in deionized water, the amount of adsorption is necessarily limited
by the total amount of Cu, Zn, or Cd that was initially present in solution at
low concentrations. Therefore, the isotherm obtained really indicates the
amount of Cu, Zn, or Cd removed by a fixed weight of sample from a fixed volume
of solution versus concentration. At low concentrations a different isotherm
can be obtained simply by using a different constant (solution volume)/(sample
weight) ratio in the experiments. If the migration of Cu, Zn, or Cd from de~
ionized water through soils or clays is to be studied by means of batch experi-
ments, the experiments can be carried out in steps (i.e., repeated treatments
of a solution with new soil or clay samples) for each initial solution concen-
tration tested. That is desirable because of the increasing concentration of
exchangeable cations in solution as exchange-adsorption of a particular cation
from solution occurs in steps towards zero.
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The three different types of isotherms obteined for the same range of
Cu, Zn, or Cd concentration are easily interpreted in terms of a cation exchange-
adsorption mechanism. Also, our date suggest that the correct "Langmuir" iso-
therm equation to apply to exchange adsorption date is equation [4], which
covers the simultaneous competitive adsorption of two cations, not equation 1],
which is for a single cation.

The adsorption of Cu, Zn, or Cd from leachate by keolinite and mont-
morillonite clay minerals is presumed to occur via a cation exchange mechanism,
but, because the ionic strength of the leachate is not varisble in the adsorp-
tion experiments, the amount adsorbed cannot become independent of the concen-
tration of Cu, Zn, or Cd in the leachate. There is therefore no way to predict
the maximum amount of Cu, Zn, or Cd that will be adsorbed from a given leachate
by a given soil or clay mineral at & given pH. and at a particular concentration
without actually measuring it. At pH 5.0, precipitation of Cu as a hydroxide-
carbonate makes a very significant contribution to the total amount of Cu re-
moved by kaolinite, but because montmorillonite has a higher amount of exchange-
adsorption the contribution of precipitation to the total amount of Cu removed
by montmorillonite is less significant. If the pH of the leachate is lower
than sbout 6.5, precipitation makes no significant contribution to the total
amount of Zn and Cd removed by kaolinite and montmorillonite.

. The mobility of Cu, Zn, and Cd in soils or clay minerals is dependent
upon solution pH and ionic strength as well as on the CEC of the soils or clay
minerals. This is of little importance at sufficiently high (above T) pH val-
ues, because precipitation is then more important than cation exchange in the
removal of Cu, Zn, or Cd from solution. However, the mobility of Cu would ap-
parently reach a minimum at pH 7 and would subsequently increase at pH values
above 7. At pH 5 Cu, Zn, and Cd in leachate will be quite mobile in soils or
clay minerals with low CEC values, especially when the ionic strength of the
leachate is high. Thus, if adsorption data at pH 5.0 is obtained from a leach-:
ate very high in ionic strength or from a low CEC soil or cley mineral and the
mobility of Cu, Zn, or Cd is estimated from the data, it can be stated that for
higher pH values, higher CEC values, and/or for leachates with low ionic strength,
the mobility would be less than it is at pH 5.0. These facts provide a safety
factor for estimations of adsorption and/or mobility.

Treatment of & soil with a waste stream or leachate will alter the
exchangesble cation distribution of the soilj for example, & soil with a high
Ca content will become high in Na if treated with & waste stream or leachate
that has a high Na content., Thus, in addition to the problem of heavy-metal
toxicity to plants or heavy-metal accumulation in the food chain when waste
streams or leachates are disposed of on agricultural land, other problems may
be created. : ’

CHROMIUM ADSORPTION STUDIES

Chromium compounds are widely used in the leather, textile, chemical
manufacturing, metal finishing, and other industries. Approximately 30,000
tons of chromium-bearing wastes are discharged annually from the metal~finishing
jndustries aslone (U.S. EPA, 1973a). Such discharges have created problems of
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environmental pollution., Chromium (VI) contemination of the village wells in
Douglas, Michigan, was reparted in 1947 (Davids and Lieber, 1951), and as early
as 1952 chromium was found in high concentration in the ground water of Nassua
County, New York (Welsch, 1955).

In trace amounts, chromium is an essential element in the diet of
some animals and, presumably, human beings. However, at high concentrations,
all compounds of chromium ere toxic (Smith, 1972). The valence state of chromium
has & considersble influence on its toxicity. It is well established that cr(v1)
compounds are the most toxic and are usually irritating or poisonous to all
tissues (Baetjer, 1956).

The distribution and impact of chromium on aguatic ecological systems
have not thus far been extensively studied, so that relatively little is known
ebout the transfer of the metal from waste streams to earth materials and then
to living systems. Because information about the chromium-leachate system is
scant, the present study was designed to determine the effect pH has on cr(vI)
and Cr(III) edsorption by clay minerals and on their precipitation in deionized
water and municipal leachate solutions. We also hoped for some insight into the
factors that affect the mobility of chromium as it passes through soils or clay-
mineral layers., These soil or clay layers may be useful as liners for waste dis-
posal sites.

Experimental

The clay minerals and leachate used in the study were described ear-
Jier. Various concentrations of Cr(VI) as potassium chromate (K,CrOy) were
added to both deionized water and Du Page leachate, and 50-ml aliquots were
pipetted into Erlemmeyer flasks containing either 3 g of montmorillonite or 5 g
of kaolinite. The weight of clay used was chosen so that the amount of Cr re-
moved from the solutions could be determined with some precision from the dif-
ference between the initial and final solution concentrations. Several repli-
cate suspensions were prepared for each concentration, and their pH values were
adjusted with either HNO3 or NaOH to various values in the pH range 1.0 to 9.0.

In preliminary experiments, Cr(VI) adsorption was found to decrease
as pH increased, and pH values of the Cr(VI)-clay suspensions rose when the
flasks were shaken., Also, apparent irreversible Cr(VI) adsorption occurred if
the Cr(VI)-clay suspensions had been equilibrated at a given pH value and again
at a higher pH. Therefore, the flasks were shaken for about 2 weeks in a con-
stant temperature bath at 25 % 0.5° C; the pH values of the clay suspensions
were measured each day, and acid or base was added when necessary to maintain
the initial pH value. At least 1 day after the final pH adjustment, the pH
values were recorded and the suspensions centrifuged. The supernatant solutions
were then decanted into plastic bottles and their pH adjusted to < 2.0 to pre-
vent any Cr adsorption by the container. The equilibrium Cr concentrations
cEq (ppm) in the supernatant solutions were determined by atomic absorption
spectroscopy. The initial Cr concentration (Cr) was determined in ppm by anal-
yses of a blank sample (i.e., & sample without clay) prepared at the same time
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as ‘the clay suspensions. In our experiments, C1 concentrations ranging from 5
to 300 ppm Cr as Cr(VI) were used.

The amount of Cr(VI) adsorbed (x/m) in mg/g clay at a given pH was
calculated as

(c1 - Cgq) x VE/1000
where Vg = final solution volume (ml)/weight of clay sample (g).

The amount of Cr(VI) edsorbed by a fixed amount of clay from a given C1 solu-
tion at verious pH values was plotted against the pH values to obtain an ad-
sorption-pH curve.

The experimental procedures for the Cr(III) adsorption studies were
similer to those used in the Cr(VI) experiments. It was determined that 0.100 g
of the clay minerals would give the desired precision in determining the change
in Cr(III) concentrations at equilibrium. Chromium (III) nitrate (Cr(NO3)3 °*
9H,0) was used as a source of Ccr(III). The study of Cr(III) adsorption was gen-~
erally limited to the pH range of 1.5 to 4.5 because of Cr(III) precipitation
around pH 5. Because of the precipitation, the pH of the leachate was adjusted
to about U4 prior to spiking the leachate with cr(III). An initial Cr(III) con-
centration range of 30 to 800 ppm was chosen for the experiments.

Results and Discussion

Adsorption isotherms at various pH values can be calculated from &
femily of adsorption-pH curves. The amount of Cr adsorbed (x/m) in mg/g of
clay at a particular pH value is read from an adsorption-pH curve for a partic-
uler C1, and the equilibrium concentration, CEq,'in ppm is calculated from the
following equation:

(x/m) * 1000

CEq = CI - [8]

Vg
where 811 the parameters are as previously defined.

Interpretation of the adsorption data was aided by application of the
Langmuir (1918) equation. In the derivation of the Langmuir equation it is as-
sumed that (&) the surface is energetically homogeneous, (b) the adsorbate-
adsorbate interaction on the surface is negligible, and (c) the adsorbed mole-~
cules do not influence neighboring sites. The Langmuir adsorption equation in
jts linear form (equation [1]) was used to describe the adsorption data.

Chromium (VI) Adsorption

No precipitation of Cr(VI) was observed in the pH range 1.0 to 9.0.
Femilies of Cr(VI) adsorption-pH curves are presented in figures 15 and 16.
Several characteristics of Ccr(VI) adsorption by the clays appear. First, the
adsorption of Cr(VI) decreases as pH increases. Second, no cr(VI) is adsorbed
by the clays near pH 8.5 and above. Third, the amounts of Cr(VI) adsorbed are
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small compared to the amounts of ex-
changeable cations on the clay san-
ples.

Diagrams showing the distribu~
tion of Cr(VI) species covering the
experimental concentration range are
presented in figure 17 and the curves
vere calculated by using the con-
stants given in Butler (196k4). Note-
worthy is the rapid decrease in the
fractions of HCrO; and Cr072~ spe-
cies above pH 5 and the corresponding
increase in the fraction of Cr0,2~
species, which becomes the principal
species present in solution at about
pH 8.5 (fig. 1T). Below pH 2 the
fraction of HCrOj ions decreases rap-
idly as the fraction of HCrOy spe-
cies increases,

The behavior of the Cr(VI) ed-
sorption-pH curves in figures 15 and
16 implies that the HCrO, ion is the
principal ion being adsorbed by the
clay minerals. Conversely, the lack
of adsorption at pH values above 8.5
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Fig. 15 - Chromium (VI) adsorption-pH curves

for montmorillonite at 25° C. Initial
Cr(VvI) zoncentrations (ppm) are indi-
cated beside each curve, and the. equiv-
alence volume for each curve is 16.7
ml/g montmorillonite.

indicates that the Cr042' ion is not adsorbed at all by either of the two clays.
The mechanism of Cr(VI) adsorption by these clay minerals apparently cannot

neutralize the two negative charges present on the CrOy
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Fig. 16 - Chromium (VI) adsorption-pH curves -

for kaolinite at 25° C. Initial Cr(VI)
concentrations (ppm) are indicated be-
side each curve, and the equivalence
volume for each curve is 10.0 ml/g kao-
linite.

ion.
ions may be adsorbed at low
pH values because of their more open
structure (Cr03 - 0 - Cr03), which
places the two mnegative charges an
appreciable distance apart, in con-
trast to charges on adjacent oxygens
that occur in the CrO04“" structure,
The charge separation on the Cr,0,%~
ion may allow it to act essentially
as two monovalent ions, with either
each negative charge filling an ad-
sorption site or one negative charge
filling an adsorption site and the
other negative charge being neutral-
ized by a cation in solution. If the
distribution of Cr(VI) species in so-
lution is the only factor governing
adsorption of Cr(VI) throughout the
pH range 2 to 5, & plateau should be
observed in the Cr(VI) adsorption-pH
curves; however, the adsorption of
Cr(VI) continues to rise with de-

Crp092-

On the other hend,
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Fig. 17 - Distribution of Cr(VI) species
for various Cr{VI) concentrations.
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Fig. 18 - Adsorption isotherms for cr({VvI)
at pH 4.0 and 25° C.

creasing pH to a pH value around 2.
Therefore, in the low pH range the pH
probably modifies the structures of
the clay minerals to permit increased
Cr(VI) adsorption to occur. Dissolu-
tion of clay minerals is known to oc-
cur at low pH levels (Hofmann et al.,
1956). This can alter the surface
structure and surface area of the
clays, resulting in changes in their
adsorption characteristics as the pH
is lowered.

Adsorption isotherms were con-
structed from the Cr(VI) adsorption-
pH curves in figures 15 and 16 by
using equation [8] at pH wvalues of
3.0, .0, 5.0, and 7.0. Sample ad-
sorption isotherms, constructed at pH
4.0, are shown in figure 18. For both
clay minerals, more Cr(VI) was ad-
sorbed from Du Page Ileachate solu-
tions than from pure K,Cr0O, solutions
throughout the pH range 3.0 to T.O.
This result is contrary to what was
expected. Evidently, anions (e.g.,
C1™ and HCO3) in the leachate do not
compete favorebly with HCrOy ioms, or
adsorption would have decreased.

The effect of the C1~ ion on the
adsorption of Cr(VI) by clay was de-
termined by edsorption experiments
carried out with 20 ppm Cr(VI) in de-
ionized water with, and without, 1000
ppm of C1~ added as NaCl. No appreci-
able change in the adsorption of
cr(VI) was caused by the C1~ ion.
That more Cr{(VI) was adsorbed from Du
Page leachate than from pure KoCrOy
solutions may be the result of the
formation in the leachate solutions
of polynuclear complexes, organic or
inorganic in nature, which can be ad-
sorbed by the clay. The high ionic
strength of the leachate may also
contribute to higher adsorption of
Cr(VI) species by depressing the dif-
fuse double 1layer surrounding the
clay particles (van Olphen, 1963).
More ions could then approach the
clay surface and be adsorbed.
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The adsorption isotherms for
cr(VI) et pH values of 3.0, 4.0, 5.0,
and 7.0 were plotted according to the
linear form of the Langmuir equation
(equation f[1]). A1l the Langmuir
plots give linear regression r? val-
ues of 0.99. The Langmuir plots at
pH 4.0 are shown in figure 19. From
the slopes of the Langmuir plots, ad-
sorption maximums were celculated and
are presented in table T. The differ-
ence in the calculated adsorption
maximums of montmorillonite and kao-
linite reflects the difference in the
probable number of available adsorp-
tion sites, based on comparison of
the structural differences and the
surface areas of the two clay miner-
als. The precise mechanism for anion
adsorption by clay minerals is not
known, but we, as others have, assume
thaet anion exchange plays an impor-
tant role in the adsorption process.
However, the adsorption maximums pre-
sented in table 7 represent the max-
jmum number of Cr(VI) ions adsorbed
at some sufficiently high concentra-
tion of Cr(vIl) ioms in solution,
vwhereas the adsorption isotherms in
figure 18 represent the maximum num-
bver of Cr(VI) ions that can be ad-
sorbed at any given concentration of
Cr(VI) ioms in solution.

Chromium (III) Adsorption

During preliminary experiments
on Cr(III) edsorption by kaolinite,
the removal curves shown in figure 20
were obtained. The curve labeled
"plank" in figure 20 represents re-
moval of Cr(III) from a solution con-
taining no clay and shows that pre-
cipitation becomes a very important
mechanism near pH 5.0. The precipi-
tate formed was blue-gray, and X-ray
diffraction patterns of the precipi-

tate showed no definite crystalline structure.

400 -
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g KoCrO4 solution
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~
.\3 2004 L
Kaoolinite in DuPoge leochate
100 -
Monhporiltonite in
Montmorillonite in
0 Du Page leochote |
T T T T T T T T T T T T
0 100 200

Equilibrium Cr concentration (ppm)

Fig. 19 - Langmuir plots of Cr{VI) adsorp-
tion data at pH 4.0 and 25° C.

TABLE T—ADSORPTION MAXIMUMS FOR Cr(VI)
BY MONTMORILLONITE AND KAOLINITE
AT 25° C FOR VARIOUS pH VALUES

Pure Du Page

KoCrOy leachate

solution solution
pH (mg/g) (mg/g)

MONTMORILLONITE
3.0 0.400 0.667
4.0 0.256 0.526
5.0 0.147 0.417
7.0 0.052 0.169
KAOLINITE _

3.0 0.093 0.189
4.0 0.044 0.130
5.0 0.032 0.115
7.0 0.015 0.051

Because only HNO3 and NaOH were

used to adjust the pH of the Cr(NO3)3 solution, we concluded that the precipi-
tate formed is a chromic hydroxide, especially as Murray (1956) stated that
chromic hydroxide is a hydrous oxide (Cr,03 * nHy0) of indefinite composition



- 31 -

3 8 8 8

Cr (NOg)3 solution

Cr removed by kaolinite (%)
P
s & 8

8

T T T

20 do €0 80
pH
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Fig. 21 - Chromium (III) adsorption-pH curves
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(ppm) are indicated beside each removal
curve, and the equivalence volume for
each curve is 500.0 ml1/g kaolinite.

that is blue gray when its water con-
tent is high. o

Femilies of Cr(III) adsorption-
pH curves for the pH range 1.5 to 4.5
are presented in figure 21. Cation
exchange is generally accepted as the
principal mechanism for cation ad-
sorption by soils and clay minerals.
Chromium (III) is known (Rollinson,
1956) to be extensively hydrolyzed in
acid solutions +to species such as
cr(oH)2+, Cr(0H),1* or Cr,(0H)y2* or
Crg(OH),,%%, and Crg(OH);5°*. There-
fore, the increasing adsorption of
Cr(III) as pH increases can be at-
tributed, in part, to exchange-ad-
sorption of hydrolyzed Cr(III) spe-
cies other than Cr3* ions.

Adsorption isotherms were con-
structed from the adsorption-pH
curves (fig. 21) by using equation
[1] at pH values 2.5, 3.0, and 4.,0.
The isotherms constructed for pH 4.0
are shown in figure 22, As was ex-
pected, the adsorption of Cr(III) by
the clay minerals is lower in Du Page
leachate than in pure Cr(NO3)3 solu-
tions. However, significantly 1less
reduction in adsorption of Cr(III)
from Du Page leachate (3 percent to
14 percent) took place than was ob-
served in tests of Pb, Cu, Zn, and Cd
adsorption from Du Page leachate by
the same clay minerals. The Cr(III)
species existing in solution are so
strongly adsorbed +that the cations
present in the Du Page leachate do
not effectively compete with the
Cr(III) species for exchange-adsorp-
tion sites.

The adsorption isotherm data for
Cr(III) at pH values 2.5, 3.0, and
4,0 were plotted according to the
Langmuir equation (equation [1]), and
the Langmuir plots for the pH 4.0 ad-
sorption isotherms are shown in fig-
ure 23. Adsorption maximums calculated
from the slopes of the Langmuir plots
in figure 23 are presented in table
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8. The amounts of the various hydro-
lyzed Cr(III) species that could be
adsorbed via a cation exchange mech-
anism by the montmorillonite and kao-
linite clay minerals having CEC val-
ues of 79.5 meq/100 g and 15.1 meq/
100 g, respectively, are presented in
table 8., If cetion exchange is the
principal adsorption mechanism, the
ratio of the adsorption maximums
should be about equal to the ratio of
the CEC values for the two clay min-
erals.

At pH 2.5 the adsorption maximum
ratio is close to the CEC ratio (ta-
ble 8), but the adsorption maximums
themselves are higher +than those
based on exchange adsorption of cr3t
ions. This implies that even at pH
2.5 some hydrolyzed Cr(III) species
are being adsorbed. The question may
arise as to the validity of using CEC
values obtained from NH{ ion exchange
at pH T.0 to calculate the expected
adsorption maximums at pH 2.5. How-
ever, as there is a general relative
correlation between the adsorption
maximums and CEC values, it is rea-
sonable to use &adsorption maximums
calculated from CEC values for com-
parison purposes. At pH 4,0, the ra-
tio of the adsorption maximum in-
creases to about 13, and the amount
of Cr(III) adsorbed by montmoril-
lonite is even larger than would be
expected from the exchange adsorption
of the Crg(OH);53*

TABLE 8—ADSORPTION MAXIMUMS FOR
Ccr(III) BY MONTMORILLONITE AND
KAOLINITE AT 25° C FOR VARIOUS pH
VALUES (mg/g)

Values based on CEC

PpH 2.5 pH 3.0 PE 4.0 for aifferent species

c;-+3

P 4 r L P L erfos} *? celon) crglom)}?

MONTMORILLONITE

33.7 32.8 139.6 136.1 13.8 20.7 k1.8 8.7
KAOLINITE

5.0 5.0 10.7 .7 2.6 3.9 7.8 15.6

17.9 -~

33 -

RATIO OP ADSORPTION MAXIMUKS

548 - 6.5 6.6 13.0 9.3 5.3 5.3 5.3 5.3

*Pure solutions; tDu Page leachate solutions.
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Fig. 22 - Chromium (III) adsorption iso-
therms at pH 4.0 and 25° C. The
dashed curves were obtained from the
"corrected" adsorption-pH curves.
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Fig. 23 - Langmuir plots of Cr(III) adsorp-
tion data at pH 4.0 and 25° C.
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The high adsorption maximum ratio at pH 4.0 is the result of the
large adsorption meximum obtained for montmorillonite, which appears to be
caused indirectly by our experimental procedure. The rates of some of the
Cr(III) hydrolysis reactions are very slow, and in one case reported (Laswick
and Plane, 1959) about 107 days were required for Cr(III) solutions, even at
elevated temperatures, to reach equilibrium. In our Cr(III) experiments, the
clay mineral suspensions were adjusted to a particular pH value, such as 4,5,
After a few hours, hydrolysis caused the pH of the suspensions to drop. The
PH of the suspensions were readjusted to 4.5, but the pH again dropped beceause
of hydrolysis. The pH of the suspensions were all readjusted to the desired
pH value several times during a period of two weeks. They were then shaken
for 2 days before a final pH velue was measured, and the suspensions were cen-
trifuged.

What appears to occur in the pH range 3.5 to 4.5 is as follows. Ad-
sorption plus possible precipitation of Cr(III) takes place at the higher in-
itiel pH values to which the suspensions had been adjusted. But, when hydrol-
ysis causes the pH of the suspensions to drop, desorption of Cr(III) species
from the clay mineral or dissolution of any precipitate formed apparently does
not occur fast enough to achieve true equilibrium in the clay suspension. The
pH"velues of the montmorillonite suspensions showed greater decreases than
those of the kaolinite suspensions, and apparently as a result much greater
differences are produced between the calculated and true equilibrium adsorption
maximums for montmorillonite than between those for kaolinite,

The adsorption-pH curves shown in figure 21 were replotted as the
amount of Cr(III) adsorbed versus the highest pH values to which the clay sus-
pensions were adjusted. The adsorption isotherms were calculated from the
"corrected" adsorption-pH curves at pH L.0 and are shown as the dotted isotherms
for montmorillonite in figure 22. The "corrected" adsorption isotherms for
kaolinite were almost superimposable on the isotherms shown in figure 22, and
therefore were omitted, Adsorption maximums from pure Cr(NO3)3 solutions, cal-
culated by Langmuir plots of the "corrected" isotherms at pH 4.0, are T72.2 mg/g
for montmorillonite and 10.0 mg/g for kaolinite. Thus, the "corrected" adsorp-
tion maximums agree with an exchange-adsorption mechanism involving hydrolyzed
Cr(III) species. As Laswick and Plane (1959) pointed out, the changes that
Cr(III) species undergo are generally quite slow, making the interpretation
of some experiments difficult.

Conclusions

The results of the chromium study indicate that landfill disposal of
Cr(1II) wastes probably would not initiate pollution problems. Above pH 6,
Cr(III) should be immobile because of precipitation. Below pH 4, Cr(III) spe-
cies are strongly adsorbed by both kaolinite and montmorillonite and would '
have a relatively low mobility through soils or clay minerals used as landfill
liners, Between pH 4 and 6, the combination of adsorption and precipitation
should render Cr(III) quite immobile,

In the pH range 1.5 to 4.0, 30 to 300 times more Cr(III) than Cr(VI)
is adsorbed by the clay minerals; at higher pH values the ratio (Cr(III) re-
moved)/(Cr(VI) removed) becomes even larger because of increased Cr(III) removal
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and decreasing adsorption of Cr(VI). Cr(VI) adsorption decreases markedly as
the pH is raised into the alkaline range, and the Cr(VI) would become very
mobile at high pH. Since Cr(VI) is the most toxic and mobile form of Cr, land-
£i11 disposal of Cr(VI) wastes potentially can cause serious pollution problems,
even if the landfill has a thick clay liner. The results of this study suggest
that a conversion of Cr(VI) wastes to Cr(III) by a process such as that de-
vised by Shiga (1975) may be necessary to prevent pollution of water resources
by Cr(VI) wastes disposed of in a landfill.

ARSENIC AND SELENIUM ADSORPTION STUDIES

Arsenic and selenium are toxic (U.S. EPA, 1973b) and their potential
for creating pollution problems is high. The U.S. Environmental Protection
Agency cites several instances in which land disposal of arsenic wastes has
poisoned drinking water wells (u.s. EPA, 1973a). Selenium has reportedly pol-
luted ground water as much as 2 miles from a dump on Long Island (Garland and
Mosher, 1975).

Arsenic and selenium waste streams may be liquids, suspensions, or
sludges, Samples from waste streams from copper, lead, and zinc smelting,
from the manufacturing of duplicating and photographic equipment, and from
pharmaceutical industries have been analyzed and found to contain from 1000 to
30,000 ppm As and from 3000 to 50,000 ppm Se (Lehman, 1973). These waste
streams may be disposed of on land in lagoons, in landfills, or by spreading.
Land spreading of municipal wastewater effluents (U.S. EPA, 1975) and sewage
sludges that may contain low concentrations of As and Se is now being consid-
ered as & viable slternative to treating the waste to remove the toxic elements.

The purpose of this study was to provide some basic data regarding
the effect pH has on the removal of As and Se from landfill leachate by kao-
linite and montmorillonite, the common clay minerals found in soils. The re-
sults of the study are applicable as to whether As and Se wastes can be safely
disposed of in landfills properly designed to contain municipal solid waste.
Information concerning the mobility of As and Se through soils can be useful
in the design of land disposal systems for As and Se vastes,

Experimental

The clay minerals and leachates used in this study are those described
in the introductory paragraphs. Appropriate stock solutions of As(V) and
As(III) were prepared by dissolving reagent grade Na,HAsO, or NaAsO,; in de-
ionized water. Se(IV) stock solutions were prepared by dissolving pure sele-
nium metal in a minimum amount of 1:1 HNO3. The solution was heated gently
to speed up the dissolution. All stock solutions were adjusted to about pH 5
before use,

Fifty-ml aliquots of leachate were pipetted into 125-ml Erlenmeyer
flasks containing from 1.00 to 5.00 g of either kaolinite or montmorillonite.
The weight of clay used was chosen so that the amount of As(V), As(III), or
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Se(IV) removed from the leachate solutions could be determined with some pre-
cision from the difference between the initial and final concentrations of the
solutions. Several replicates of each clay suspension were prepared. The pH
values of the replicate clay suspensions were adjusted with HNO3 or NaOH to
pH values ranging from 1 to 9. The clay suspensions were shaken overnight be-
fore 2.0 m1 of an appropriate stock solution of either As or Se at pH 5 was
pipetted into the flasks. Of several possible experimental procedures, the
procedure used gave the most satisfactory results.

The As or Se clay suspensions were shaken in a bath gt a constant
temperature of 25 * 0.5° C for at least 24 hours to insure complete equilibra-
tion. The equilibrium pH velues of the clay suspensions were measured, the
clay suspensions centrifuged, and the supernatant solutions analyzed for their
As or Se concentration by atomic absorption spectroscopy. A NoO-CoH, flame
was used for As analyses and an air-CpH; flame was used for Se analyses. Blanks
(i.e., no clay) were prepared along with the clay suspensions and were analyzed
to determine the 3initial As or Se
concentration. The amount of As or Se [ e
removed from solution by a given clay
at a particuler pH was determined as ] Kooinite Montmorillonite
the (initial - equilibrium concentra- aid
tion) x (total solution volume after
pH adjustments) * (sample weight). ; //«r*

The amount of As or Se removed from
solution was then plotted as a func-
tion of pH. From the initial concen-
tration of As or Se in solution, the
weight of clay used, the final solu-
tion volume after pH adjustments, and
the removal versus pH curves them-
selves, "adsorption" isotherms were
constructed at different pH values by
use of equation [6].
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Curves for the removal of As(V)

from leachate by kaolinite and mont- IR
morillionite versus pH are shown in
figure 2. The amount of As(V) re-
moved from solution reaches & maximum
at sbout pH 5. The distribution of montmorillonite at 25° C, plotted as a
As(V) species in solution as a func- function of pH. Initial solution concen-
tion of pH is shown in figure 25A. trations of As(V) are given in ppm on the
Comparison of figure 24 with figure curves. Bach datum point was obtained by
25A shows that the AS(V) removal using either 4 g of kaolinite or 1 g of
curves follow the monovalent HAsOf montmorillonite in a total solution volume
species curve reasonably well., It was of 52.5 ml.
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Fig. 24 - Amount of As(V) removed from Du

Page leachate solutions by kaolinite and
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A Al(!_)

concluded, therefore, that the H,oAs0y
ion is the principal As(V) ion being
adsorbed by the clay minerals. The
nonadsorption or depressed adsorption
of the HAsOT ion is apparently due to
the occurrence of negative charges on
adjacent oxygen atoms in the tetra-
hedral HAsO; ion, which results in
repulsion of the ion from the cleay
surface,

g 88 8 3
R U S

Fraction of total As or Se
£

t a } ) 10

Curves for the removal of As(III)
from leachate by kaolinite and mont-  Fig. 25 - Distribution of forms of As(V) and
morillonite are plotted versus pH in Se(1V).
figure 26. In general, an increase in
adsorption of As(III) is observed as pH increases in the range 3 to 9. The
montmorillonite removal curves in figure 26 show a peak about pH T. There is
some question as to what As(III) species are present in the leachate solutions
and which is actually being adsorbed. In a study (Everest and Popiel, 1957)
of As(III) adsorption by an anion exchange resin, the concentration of As 305
or As3(OH)Jp species was low and the amount of exchange adsorption was small.
Other As(III) species that apparently exist in solution are As,0y (As,(OH)B),
As(OH)3, As(OH)y, and AsOp0H™, the latter two species becoming important above
pH 9. Whatever As(III) species are present in solution, the fraction of the
total As(III) in solution that is present as monovalent As(III) species will
increase as pH increases. Therefore, the amount of As(III) adsorption should
inerease as pH increases (fig. 26). There is no apparent explanation for the
peaks observed about pH T on the montmorillonite removal curves in figure 26.
Although no peaks appear on the keolinite removal curves in figure 26, they

: might have appeared if more data
points were obtained in the pH range

6.5 to T.

La ) 1

400

Kaolinite Montmorilionite

When removal curves (not shown)
for As(V) and As(III) from deionized
wvater solutions that were obtained at
a single concentration for each clay
mineral are compared with the corres-
ponding leachate removal curves, the
anion competition present in the
leachate is seen to suppress the clay
mineral adsorption of As(V) slightly
and adsorption of As(III) by some 30
to 50 percent.

§

As(I) removed from feachate (.g/g)

N

L Isotherms calculated from the
Fig. 26 - Amount of As{III) removed from Du removal curves in figures 24 and 26
Page leachate solutions by kaolinite and at pH 5.0 are shown in figure 27. The
montmorillonite at 25° C, plotted as a higher adsorption of As(V) and
function of pH. Numbers on curves give As(III) by montmorillonite compared

the initial solution concentration of to their adsorption by kaolinite
As(III) in ppm. Each datum point was simply reflect the differences in
obtained by using 4 g of clay in a structure and surface area of the two

total solution volume of 52.5 ml. clay minerals. Anion exchange sites



As removed from leachote (po/q)

- 37T -

A i 1 A 1 1 I I A

As(X) by montmoritlonite i

As(X) by koolinite
g 4

_—

As{II) by montmorillonite L

_~As(I0) by koolinite

T T T T T T
[ 20 40 © 0 00 120 "o %0 »0

Equilibrium concentrotion (ppm)

o
-4
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Se removed from leochate (19/q)

from Du Page leachate solutions at pH
5.0 and 25° C per gram of clay, plotted
as a function of the equilibrium As con-

centration.
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Fig. 28 - Amount of Se(IV) removed from Du

Page leachate solutions by kaolinite and
montmorilionite at 25° C, plotted as a
function of pH. Numbers are the initial
solution concentration of Se(IV) in ppm.
Each datum point was obtained by using
either 5 g of kaolinite or 1 g of mont-
morillonite in a total solution volume
of 52.5 ml.

are thought to exist primarily at the
broken edges of clay minerals (Grim,
1968).

Montmorillonite clay was found
to adsorb approximately twice as much
As &s kmolinite. Surface area data,
as measured by N, gas adsorption,
suggest that the montmorillonite has
roughly twice as much edge area as
the kaolinite. The tetrahedral HpAsOj
ion can align itself with the silica
tetrahedral of the cley lattice and
can form an extension of the crystal
lattice, which has a relatively high
bond strength. The arsenate ion can
be compared to the large As3(OH)Tg
ion, which is not tetrahedral and
thus is unable to align itself as ef-
fectively on the clay edges. It was
therefore concluded that the princi-
pal adsorption mechanism was anion
exchange of the monovalent species of
each elemental form.

Selenite (Se(IV)) Adsorption

Curves for the removal of Se(IV)
from leachate by kaolinite and mont-
morillonite versus pH are shown in
figure 28. The removal of Se(IV) goes
through & maximum in the pH range 2
to 3 and then decreases as the pH in-
creases. The distribution of Se(IV)
species in solution as a function of
pH is shown in figure 23B. As for
As(V), the monovalent HSe03 ion ap-
pears to be the species predominantly
adsorbed by the clay minerals. It is
evident from the datas in figure 28
that the adsorption of Se from solu-
tion is rapidly reaching zero removal
at approximately pH 10, which is the
value at which the HSeO3 species dis-
appears from solution (fig. 25B). The
HSeO3 ion has a trigonal-pyramidal
configuration, as opposed to & tetra-
hedral configuration for +the HpAsOy
ion, which may account for its re-
duced adsorption. The configuration
of the HSe03 ion must therefore be an
inhibiting factor in its adsorption
by the clay minerals. On the other
hand, pE must be playing a signifi-
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cant role in modifying the clay min-
eral surface structure so that in-
creasing adsorption occurs with de-
creasing pH until it reaches the
point where a significant fraction of
the total Se(IV) in solution is pres-
ent as HySeO3 molecules. At this
point, adsorption starts to decline
sharply as the pH is lowered below a
value of 2,

When removal curves (not shown)
for Se(IV) from deionized water solu-
tions that were obtained at a single
concentration for each clay mineral
are compared with the corresponding
leachate removal curves, they showed
that the leachate slightly suppresses
the adsorption of Se(IV) by the clay
minerals. This suppression 1is pre-
sumed to be due to competition for
anion exchange sites Dbetween the
HSeO3 ion and the high concentrations
of anions present in leachate (table
1).
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Fig. 29 - Amount of Se{IV) removed from Du

Page leachate solutions at 250 C and
several pH values per gram of clay,
plotted as a function of the equilib-
rium Se concentration.

Isotherms calculated from the removal curves in figure 28 at pH val-

ues 3.0, 5.0, and 7.0 are shown in figure 29.

Adsorption of Se(IV) by mont-

morillonite is higher than adsorption by kaolinite, reflecting the structural
and surface area differences between the two clay minerals, as previously dis-

cussed.

Conclusions

The results of this study indicate that pH has a pronounced effect
on the amounts of As(V), As(III), and Se(IV) adsorbed from leachate by clay

minerals.

It was concluded that the principal adsorption mechanism was anion

exchange, and that, as the species distribution diagrams showed, the monovalent
species of each element studied accounted for most of the adsorption and for
the strong pH dependency of the adsorption process.

The results also suggest that optimum As removal from waste streams
would be achieved by converting any As(III) to As (V) and then disposing of

the waste in montmorillonitic soils at pH 5.
achieved by disposal in a montmorillonitic soil at & pH of 2 to 3.

Optimum Se(IV) removal would be
A high

mobility, and hence potential pollution hazard, would be expected from land
disposal of As(V) or Se(IV) wastes under alkaline conditions.
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MERCURY ADSORPTION STUDIES

As mercury has been the subject of many publications, its occurrence
and toxicity will be discussed here only briefly. Mercury is widely distri-
buted in the air, soil, and water in low concentrations (Klein, 1972). How-
ever, Hg-related technology has at times redistributed this Hg in the environ-
ment, and it is this redistribution that we must concern ourselves with because
it often results in dangerously high Hg concentrations (Goldwater, 1971).

The main source of Hg contamination of the environment has been in-
dustry (D'Itri, 1972a), and much of this contamination can be attributed to
the discherge of industrial waste water into rivers and streams (Turney, 1972;
Derryberry, 1972). Much of the mercury in waste, both organic and inorganic,
disposed of in this manner can be directly or indirectly converted by anaerobic
microbes into mono- or di-methylmercury (D'Itri, 1972a; Greeson, 1970), both
of which are extremely toxic.

As a result of studies on Hg contamination and poisoning, the dis-
posal of industrial mercurial wastes is carefully controlled. However, the
potential for contamination still exists where gaps in knowledge preclude en-
lightened disposal practices. The possibility of contamination also exists
at municipal landfill sites that accept wastes containing mercury. The leach-
ate generated from these sites is anaerobic and therefore has the &bility to
convert mercurial wastes into their toxic forms. Mercury is incorporated into ...
many industrial or consumer products, such as paints, pharmaceuticals, paper
products, fluorescent lamps, and mercury batteries. The indiscriminate dis-
posal of these products in landfills by an uninformed population presents a
potential threat to the environment from Hg contamination (D'Itri, 1972b).

Very little research has been done on the chemical behavior of Hg in
municipal leachates. The information that is available to date is inadequate
for meking an evaluation of the migration of Hg in landfills. Our studies on
the adsorption of Hg from leachate by clay minerals were initiated to deter-
mine whether clay minerals used as landfill liners can attenuate Hg that may
be present in leachates.

Experimental

To determine the emount of Hg removed from solution, & series of
samples was prepared that consisted of HgClj solution, HgCl, in Du Page land-
£i11 leachate, and HgCl, in Du Page 1andfill leachate with clay (kasolinite or
montmorillonite) edded. The latter two series of samples were also used to
determine the amounts of organic and inorganic Hg removed from solution.

The smounts of organically bound Hg and inorganic Hg in solution
vere determined by the flameless atomic ebsorption spectroscopy (AA) technique
described by Griffin and Shimp (1976).
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Eight samples were prepered for o7
each solution in each experiment. Be-
fore addition of Hg, 50-m1 aliquots 06
of either deionized H30, Du Page
leachate, or Du Page leachate and
1,000 g of kaolinite were added to
125-m1 Erlenmeyer flesks., Each solu-
tion was then adjusted by using O0.1N,
iN, 3N, and/or conc. HNO3 to pH val-
ues between 1 and 9 (each set of sam-
ples spanned this range). The samples
were placed in a shaking waterbath at
25 * 0.5° C and allowed to equilib-

HoCly in lsochate
8 Ig koolinite
HgCl, in
lecchote A

Hg removed from solution (xg/mi)
o
>
1

rate overnight. The pH values were HgCly solution
checked after 20 to 24 hours, and 2- 00

ml aliquots of 25 ppm Hg stock solu- ' 20 30 40 50 60 70 80
tion were added to each flask, giving pH

s total volume of =52 ml &and a Hg
concentration of approximately 0.96 Fig. 30 - Removal of Hg from Du Page landfill
prm. The samples were again placed leachate and from pure HgCl, solutions,
in the shaking waterbaths and allowed plotted as a function of pH at 25° C.

to equilibrate overnight. After 20 to The initial Hg concentration is 0.96 ppm.
24 hours the final pH values of the The final volume is =52 ml.

samples were recorded, and each sam-

ple was transferred to a 50-ml centrifuge tube and centrifuged at 20,000 rpm
for 5 minutes. The supernatant solutions were decanted, acidified, and anal-

yzed by flameless AA for their Hg content.

The amount of Hg removed from solution by a given clay at a particu-
lar pH was determined by using equation [6]. The amount of Hg removed from
solution was then plotted as a function of pH.

Results and Discussion

Examples of results obtained for Hg removal from various solutions,
plotted as a function of pH, are presented in figure 30. The figure shows
that Hg is removed from solution, even in & presumably sterile and pure HgClp
solution (curve A). In the short time available for this study we were not
eble to isolate satisfactorily all the reasons for such removal of Hg. Three
possible removal mechanisms are adsorption onto the walls of the glassware and
plastic bottles, precipitation, or volatilization. At the lower pH values the
Hg removal is thought to have been by adsorption onto the glessware, although
standard solutions may be satisfactorily stored at pH 2. We presumed that the
adsorption in the sample solutions occurred at the higher initial pH values
and that the Hg did not have sufficient time to totally desord from the vessel
walls after the pH was adjusted to lower values. The increase in removal in
the higher pH range (5 to 8) is apparently the result of both precipitation
and adsorption. Volatilization was not considered as an important mechanism
for the Hg losses observed from the HgCl, solutionms, since they were presum-
ably sterile and stoppered.



- U1 -

Curve B illustrates the loss of or
Hg from a leachate solution. The re-
moval of Hg from solution here is 06
probably due to the same mechanisms
responsible for losses from the pure
HgCl, solutions with increased ad-
sorption or increased precipitation.
However, volatilizetion losses of or-
ganic Hg compounds caused by micro-
bial transformations in the leachate
are also possible.

8

[~4
»
1

&

Toto! Hg removed
from leochote

o
P

Hg removed from leochate (ug)

Totol Hg removed by cloy B

Curve C in figure 30 shows the ou e oved by ¢ |
total amount of Hg removed from ———__’___Jg{gﬁgaﬁgﬁ;;;EZEtuw
leachate with 1 g of keolinite pres- 0o = - : ' , ;D
ent. The amount of Hg removed by 1 g 20 30 40 5 60 70 80
kaolinite is teken as the difference pH
between curve C and curve B. This is

plotted as curve B in figure 31.

Fig. 31 - Removal of various forms of Hg
from Du Page landfill leachate solu-
tions by kaolinite, plotted as a func-

Figure 31 shows a breakdown of tion of pH at 250 C.

various forms of Hg removal from

leachate solutions. The amount of or-

ganic and inorganic Hg removed by

clay was determined by placing an aliquot from each sample into each of two
BOD bottles. One set was digested by the general procedure, while the second
set was analyzed undigested. A set of leachate blanks was treated in the same
manner. There were then four separate sets in all, a digested blank (HgC12 in
leachate), ar undigested blank, a digested sample (HgCl, in leachate with 1 g
kaolinite), and an undigested sample.

The total organic Hg in solution was determined by taking the differ-
ence between the digested and undigested blanks. The amount of organic Hg in
solution with 1 g kaolinite present was always less than the total organic Hg
determined from the blanks. This difference was taken as the amount of organic
Hg removed because of the presence of the clay. Figure 31 illustrates the
relative amounts of organic Hg (curve C) and inorganic Hg (curve D) removed
by 1 g kaolinite, plotted as a function of pH. These results can be compared
with the total Hg removed by 1 g kaolinite in curve B and with the total Hg
removed from solution by all mechanisms in curve A.

The results given in figure 31 show that Hg removal is pH-dependent.
As the pH is raised within the range 2 to 8, the amount of Hg removed increases.

The data reveal that approximetely two-thirds of the total Hg removed
by 1 g keolinite was organic Hg (curve C), while about a third of the Hg re-
moved by the clay was inorganic Hg (curve D). The total Hg removed from so-
Jution (curve A) is apparently the result of several mechanisms operating
simultaneously-——adsorption by clay, volatilization, and precipitation. When
the amount of Hg removed as a result of the presence of clay was determined,
it accounted for approximately 20 to 30 percent of the total Hg removed from
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solution. It therefore appears that precipitation and volatilization account
for the largest amounts of Hg removed in this study. The relative amounts of
Hg lost by volatilization and precipitation are not known. In any event, large
amounts of Hg are lost from leachate solutions in both the presence and absence
of cley.

In an unreplicated experiment, the removal of Hg from solution by
montmorillonite was found to be approximately 5 times greater than the removal
of Hg from solution by kaolinite. Since this experiment has not been repeated,
the results are tentative, However, this ratio resembles the ratio of the
cation exchange capacities (CEC) of these two clay minerals. As this result
is consistent with those for the previous heavy-metal cations studied, it was
concluded that the difference in adsorption between montmorillonite and kao-
linite was due to the cation exchange of the various ionic forms of Hg that
may be present in leachate solutions of variable pH.

Conclusions

The results of the Hg study indicate that removal of Hg from leachate
solutions is enhanced by clay minerals and is pH-dependent. Substantial amounts
of Hg were removed from leachate by the clays, and these amounts were con-
cluded to be in proportion to the clsys' respectlve CEC values. Two-thirds
of the Hg removed by the clays was organic and about one-third inorganic.

Large amounts of Hg were removed from solution, both in the presence
and absence of clay. These results lead to the conclusion that adsorption by
clays was not the major mechanism. Rather, precipitation and/or volatiliza-
tion accounted for between 70 and 80 percent of the Hg removed from the leach-
ate soluticns and were concluded to be the predominant attenuatior mechanisms
in these experiments.

The results of this study suggest that meximum removal of Hg from
leachate would be achieved by disposal under alkaline conditions. They also
suggest that montmorillonitic clays or soils will remove substantially more
Hg than kaolinitic clays or soils.

SUMMARY

The results of these studies of the heavy metals indicate that pH
has & pronounced effect on the amounts adsorbed from landfill leachates by
clay minerals. It was concluded that the principal adsorption mechanism is
cation and anion exchange, a mechanism that led to the strong pH dependency of
the adsorption process. In eddition, species distribution diagrams led to the
conclusion that it is the monovalent species of each element that is principally
adsorbed by anion exchange.

A comparison of the relative amounts of heavy metals removed at pH
5.0 from 100 ppm equilibrium concentration solutions of the metals studied,
both cationic and anionic, is presented in table 9. The table indicates that
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the cationic heavy metals are gener-
ally eadsorbed to a greater degree
than the anionic forms. However, this

ranking is somewhat pH-dependent, be-

cause the greatest enion adsorption
occurs in acid solutions and the
greatest cation adsorption in alka-
line solutions. The ranking therefore
changes somewhat at different pH val-
ues.

A significant point shown in
table 9 is the importance of the va-
lence state of an element to the
amount of that element removed from
solution by eclay minerals., Cr(III)
species are removed to a much greater
extent than Cr(VI) species. The clay
minerals removed 30 to 300 times more
Ccr(III) from solution than Cr(VI).
The +table also shows more extensive
removal of As(V) than of As(III).
These results indicate that safer
disposal of certain elements may be
achieved if, prior to deposition at
the 1landfill or disposal site, the
element is converted to the form that
would be most strongly attenuated.

TABLE 9—-REMOVAL OF HEAVY METALS
FROM SOLUTIONS BY KAOLINITE
AT pH 5.0
Amount removed at
equilibrium concentration

of 100 ppm
{micromoles/g)
Pure Du Page
Element solutions leachate
Cr(III) 769* 576*
Cu 55.1 15.7
b 42.3 12.1
As(V) + 5.3
Zn 33.6 3.8
As(III) } 2.0
Cd 26.7 1.9
Cr(Vv1) 0.62 1.9
Se + 1.9

*pPrecipitation contributes to removal
at pH 5.0.

+Removals from 40 ppm solutions were
approximately the same as removals
from leachate.

$Removals from 40 ppm solutions were
30 percent greater than removals from
leachate.

The information derived from the studies of the various elements in-

dicate that the amounts of heavy metals removed from leachate by clay minerals
depends to a large degree on the element and the form of the element involved,
the pH of the leachate, the adsorption capacity of the particular clay mineral
in the liner, and the ionic strength of the leachate.

The adsorption capacity of the clay minerals and the reversible na-
ture of exchange-adsorption reactions have important environmental consequences,
For example, if industrial wastes containing heavy metals are placed in a land-
f£ill, changes in the ionic composition or pH of the leachate can occur. A
change in pH may release large amounts of potentially toxic heavy metals into
the aqueous phase, especially in places where precipitates may have accumulated.
Other ions in the waste compete with the heavy metals and may exchange with
them, thus allowing metal ions to come into solution. These multiple inter-
actions must be considered when & disposal site is designed and when the en-
vironmental impact of adding heavy-metal wastes to municipal landfills is
assessed.
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SUMMARY

The Kerr-McGee Henderson Facility proposes a groundwater corrective action
program which will intercept and treat the chromium contaminated ground-
water. The mitigation program consists of an interceptor well field to
be installed downgradient from the source areas near the 5 mg/1 chromium
concentration limit. The interceptor field will span a buried stream
channel that principally controls the migration of the plume in this area
and will assure that the major portion of the contaminated groundwater
will be intercepted and treated. The recovery system will be approxi-
mately 1400 feet long, consist of 10 interceptor wells (each producing
about 7.5 gallons/minute), and will remove and treat 75 (¥25) gpm of
chromium contaminated groundwater. The interceptor wells will be placed
so overlapping cones of depression prevent migration of the plume past
the interceptor well field. The groundwater pumped from the aquifer will
be sent to a treatment facility where the chromium will be removed. The
treated groundwater will then be reinjected back into the aquifer through
recharge trenches installed downgradient of the interceptor field. A
monitoring well network will be installed to monitor the effectiveness of

the intercept system and rate of aquifer cleanup.

iv



1)

2)

CONCLUSIONS

An interceptor well field can be installed across the channel north

of AP ponds that will effectively capture chromium contamin;ted
groundwater that flows from upgradient areas. A well field of approxi-
mately 10 wells spaced roughly 150 feet apart and spanning the ancient
stream channel 600' north of the AP ponds will intercept the contami-

nant plume. Each well will discharge at a rate of 7.5 gallons/minute

(75 (£25) gpm total from all wells).

A1l captured groundwater can effectively be treated to remove chromium.
A1l treated groundwater will be recharged back into the Near-Surface
aquifer through recharge trenches installed downgradient from the

interceptor wells.



INTRODUCTION

Kerr-McGeé describes in this report a corrective action program to inter-
cept and treat the chromium contaminated groundwater at a location down-
gradient from the Facility sources. Recovered groundwater will be pro-
cessed through a treatment system which will reduce the chromium. The
treated groundwater will be reinjected back to the Near-Surface aquifer

through recharge trenches.

Geohydrological information supporting this program was previously sub-
mitted to the Nevada Division of Environmental Protection on July 31,

1985.

GROUNDWATER MITIGATION PROGRAM

Past Mitigation Programs

Beginning in August, 1983, Kerr-McGee initiated a trial program to recover
impacted groundwater and recycle it back through the process. Well M-3
was pumped until July, 1984 when excessive rainfall collected in Facility
ponds prevented recycling of recovered groundwater and the well was shut
down. This well was successful in capturing impacted groundwater imme-

diately adjacent to this well and creating a decline in the chromium levels.

In early 1983 ponds S-1 and P-1 were drained and taken out of service and
are currently undergoing closure. This effectively eliminated a poten-

tial source area of impact to the groundwater system.

The repair of Units 4 and 5 is progressing by sealing all cracks in the

concrete basement floor, effectively eliminating leakage from these areas.



To further reduce the source of chromium contamination, the basements
under Units 4 and 5 have been regulated to insure that liquids are
restricted to the drainage system and do not flow onto or remain on the

=

basement floor.

Proposed Groundwater Interception System

The data gathered to date indicates that the insta]]ation of a groundwater
recovery well system approximately 600 feet north of the AP impoundments
(shown in Plate 1) will provide control and recovery of chromium contami-
nation. The basis for installing the recovery system in this area is to
intercept the groundwater with the highest chromium concentrations in an
area which exhibits favorable hydrogeological properties. Groundwater
having chromium concentrations greater than 5.0 mg/1 will be intercepted
while lower concentrations downgradient from the recovery area will be

allowed to attenuate toward background levels.

A geological cross-section approximately 300 feet south of the recovery
area is shown in Figure 1 (section A-A'). The cross-section is along the
same east-west line as the proposed recovery program. As shown by section
A-A', the recovery well system will span a buried stream channel system
developed on the Muddy Creek surface. Referring to Plate 1, the recovery
well field will trend in an east-west direction and will be approximately
1400 feet long. The length of the recovery system will cross the entire
width of the chromium plume and capture or recover contaminated groundwater
that occurs upgradient or south of this recovery well area. The outline
of the chromium plume is shown in Plate 1. Details of chromium concentra-

tions for June/July, 1985 are presented in Plate 2.
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The aquifer properties of this buried channel system were used to simulate
a recovery well field. Aquifer coefficients typical to this channel sys-
tem are: transmissivity (range 2000-5000 gpd/ft; average 3000 gpd/ft)

and storage coefficient (.053). Maximum drawdown in the recovery wells
was set at four feet. A recovery well field across the channel system was
simulated (using Theis equation) and an effective well spacing of 150 feet
was determined. In other words, after pumping for 10 days a minimum draw-
down of 1 foot in the aquifer at a distance of 150 feet from this well
will be produced by cone of influence or capture. Therefore, all recovery
wells will have overlapping cones of at least 1 foot as a design safety
factor. To effectively capture the plume over this channel width will
require approximately 10 recovery wells (Plate 1) each pumping at a rate
of about 7.5 gallons/minute. This pumping rate creates a maximum drawdown
of approximately 4 feet in the recovery wells. The total discharge from
the recovery system should be 75 (+25) gallons/minute. Al1 recovered

groundwater will be sent through a treatment system which removes chromium.

The numbers described above are best estimates upon available site specific
data. Field pumping tests will be conducted on each of the recovery wells
to further refine the exact well spacings, number of wells and pumping

rates.

A1l interceptor or recovery wells will be installed at least 15 feet into
the Muddy Creek formation and screened throughout the saturated alluvial
sediments and the upper 10 feet of Muddy Creek formation. The recovery
wells will be screened within the upper portions of the Muddy Creek for-

mation to insure capture of any chromium moving through fine sand and silt



lenses in the upper part of the formation. A typical recovery well design

is shown in Figure 2.

Chromium Removal System : .

The contaminated groundwater removed from the recovery or interceptor sys-

tem will require treatment prior to discharge into a reinjection or recharge
field. A report on the groundwater treatability studies will be submitted at a
later date. The report indicates that the chromium contaminated ground-

waters could successfully be treated to remove the chromium.

Proposed Treated Groundwater Reinjection/Recharge System

Once the groundwater has been removed from the aquifer, the resulting
treated water will be returned to the groundwater system at a point down-
gradient (Plate 1) from the recovery field. The treated groundwater will

be recharged back to the alluvial or "Near Surface" aquifer through recharge

trenches.

The recharge system will be placed downgradient of the recovery line to
create a hydraulic barrier to groundwater flow along the edge of the cone
of depression for the recovery field. Placing the recharge system at this
location will insure little recycling of the groundwater back through the
interceptor wells. Placing the recharge system upgradient from the well
field or within the plume would actually inhibit the migration of the

plume.

Based upon infiltration tests conducted by Stauffer Chemical Corporation,
the recharge rate which the formation will accept was determined to be

7.2 cubic feet of water per day per square foot of surface area (Hall,



1985). Calculated losses from the Alpha Ditch indicates a recharge rate
of 1.5 cubic feet of water per day per square foot. Assuming an infil-
tration rate of 5 cubic feet/day/ft2 and a ditch with a wetted perimeter
of 7 feet, approximately 3850 square feet of recharge area woula be needed
to handle 100 gallons/minute (19,233 ft3/day). Based upon these numbers,
two recharge trenches each 600 feet long and having a wetted perimeter of
7 feet (assuming a 2-foot water level in the trench) would be installed
approximately 150 feet downgradient (Plate 1). The two trenches would be
50 feet apart, 600' long, 3 feet wide and 5 feet deep as shown in Figure
2. The bottom 2 feet of the trench would contain a 4" perforated drain
pipe surrounded by a clean gravel filter blanket. The remainder of the
trench will be backfilled with excavated soils. The coarse-grained nature
of the backfilled soils should eliminate any significant capillary rise.
A1l treated groundwater may be filtered to remove excessive suspended par-

ticles.

GROUNDWATER INTERCEPT AND RECHARGE SYSTEM MONITORING PROGRAMS

An important part of any groundwater mitigation program is the ability to

accurately monitor the effectiveness of the program.

The groundwater monitoring programs that will be implemented as part of
this program involve both the chemical characterization and physicaf
measurement of the groundwater system. The details of these two monitor-
ing programs are discussed below along with a description of the proposed

monitoring well network.



Monitor Well Network

The groundwater monitoring program for the intercept and recharge system
will accurately monitor: 1) the rate and magnitude of chemical change in
the groundwater in both the upgradient and downgradient directi;ns and

2) the physical configuration of the groundwater system to insure proper

function of the intercept and recharge systems.

The upgradient groundwater monitoring well network for the recharge and
intercept systems will involve the monitoring of previously drilled wells
M-37, M-25, M-36, and M-39 as shown on Plate 1. The downgradient monitor-
ing network for the recharge and interceptor fields will involve the
installation of five monitoring wells and use of existing well M-18 as
shown on Plate 1. In addition to these wells, fivewells will be installed
for the purpose of water-level measurements. All five wells will monitor
the effectiveness of the interceptor field. The details of this network
are shown on Plate 1. Plate 3 shows the location of all monitoring wells

at the Henderson Facility.

Chemical Monitoring Program

A1l wells involved in the interception of the groundwater (interceptor
wells) and all upgradient and downgradient monitoring wells associated
with the interceptor and recharge system will be monitored on a quarterly
basis. Groundwater samples from these wells will be analyzed for specific
conductance, pH, and chromium. In addition to the program associated with
the intercept and recharge system.-groundwater samples will be collected
annually from all Kerr-McGee M-series wells and selected Stauffer wells

(on Kerr-McGee property) and analyzed for the constituents noted above.



A1l chemical analytical results will be monitored to track the progress
of the cleanup and note any changes in the plume configuration. KMCC
reserves the right to change the frequency and number of wells monitored
if data indicates the system can be adequately monitored after‘lhe reduc-

tion.

Water Level Monitoring Program - It is important to monitor the configura-
tion of the groundwater surface to insure that an effective cone of depression
or influence is maintained to insure full capture of the chromium plume.

In efforts to closely monitor water levels, two continuous water level
recorder installations will be evaluated. One recorder is proposed to be
installed within the middle of the intercept system and a second recorder
installed slightly downgradient of the recharge or reinjection area. In

]water levels will be measured on all M-series wells, the inter-

addition,
cept wells, and monitoring wells associated with the recovery and recharge
program on a quarterly frequency. Data developed from this program will

be revieﬁed to insure proper well field management to produce the desired

drawdown within the intercept system.

15 wells will be installed within interceptor well area to

verify the cone of depression.



REFERENCES

Hall, L. E., March, 1983; 1982 Hydrogeologic Investigation in Support of
the Groundwater Intercept System at Stauffer Chemical Company,
Henderson, Nevada; Inhouse Report.
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RECHARGE TRENCHES :

CHROMIUM PLUME
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PLATE 1.
1. MAP SH?WING DETAILS OF THE GROUNDWATER RECOVERY AND RECHARGE SYSTEM
AT THE HENDERSON FACILITY. L
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CHROMIUM-REMOVAL STUDIES

KERR-McGEE CORPORATION
TECHNOLOGY DIVISION

Pilot Plant Studies

The KMC Technology Division performed laboratory studies
on several processes for removal of Chromium VI from the
groundwater at the Henderson Facility during 1985. Groundwater
samples from facility wells were used to duplicate actual
conditions. Processes studied included ion exchange, activated
carbon absorption, ferrous sulfate reduction, and metallic
iron reduction. Ion exchange and carbon absorption were ad-
versely affected by the elevated chloride and chlorate con-
centrations of the groundwater being tested. These species
acted as eluants.

Ferrous sulfate and metallic iron reduction was found effec-
tive for chromium removal with metallic iron reduction consid-
ered most feasible as a low-maintenance operation.

In 1985, the Technology Division operated a pilot plant at
the Henderson Facility to test the metallic iron system.
The pilot plant processed groundwater from monitor well M-11.
At 65-100 mg/1l Cr*® and 17 g/1 chlorate, this well represented
the most concentrated constituent conditions.

The pilot demonstration unit was operated successfully for
two weeks. Test results indicate that a Chromium VI concentra-
tion of 100 mg/1 can be reduced to below .05 mg/l1 by pH ad-
justment, contact with metallic iron, and precipitation of
Chromium III followed by filtration.

Metallic iron was in the form of coarse steel wool. The pilot
plant was operated in both downflow and upflow configurations
with the upflow configuration producing the least operating
and bed-plugging problems (see Figures 1 and 2). Varying
flow rates, pH levels, and iron replacement rates were studied
(see Table I). For the solution concentration tested, a flow
rate of one bed volume per hour and a pH of 3 provided chro-
mium concentration reduction to 0.02 mg/l with an iron con-
sumption rate of 5.5 to 7 pounds per 1,000 gallons of feed
water (approximately one pound of chromium).

The operation of this pilot plant demonstrated the feasi-
bility of Cr removal from the Henderson Facility groundwater
and provided parameters for design of a large-scale facility.
Other metallic ions besides chromium would be expected to
be removed in the precipitation and filtration processes,
although detailed information on exact amounts is not avail-
able at this time.



Evaluation of Other Technologies

Since that study KMC Technology Division has evaluated a
number of commercial processes for removal of Chromium VI
from Henderson groundwater. A summary of the proposals re-
ceived is presented in attached Table II.

The processes may be grouped together by type. The Pollution
Technology Systems, the Manchester Corporation, and the Kerr-
McGee Technical Center processes are of the same type: chemi-
cal reduction to Cr(III) followed by precipitation as metal
hydroxide. The Pollution Technology System unit uses modular
construction, which allows for process-sized equipment on
the shelf which can be put together at a lower cost than
we could design and build from scratch. This highlights the
_advantage of modular construction of a process unit for this
type application.

The Manchester Corporation design is heavily instrumented
and appears able to run with little operator attention. How-
ever, improvements over other systems in terms of removal
efficiency were not addressed.

The Sanitech system uses the DeVoe Holben process in which
a biologically produced reduction agent 1is used to treat
groundwater.

Of the information available for evaluation, neither the
Sanitech nor the Lancy (not discussed) process provided ade-
quate detail for necessary evaluation, including how the
processes work and operate. '

Andco Environmental Processes, Inc., has provided a detailed
proposal for an electrochemical system for removal of chromium
and other heavy metals from the Henderson groundwater. The
electrochemical process denerates ferrous iron by passing
a direct current through a cell containing carbon steel elec-
trodes. The ferrous ion reduces hexavalent chromium to triva-
lent chromium and coprecipitates any other dissolved metals
present. ’

KM Technology Division has recommended the Andco Environ-
mental process for further testing as it appears the most
promising of those evaluated. The unit would not require
pH adjustment and would coprecipitate other dissolved metals.
Andco has 150 of its units in commercial operation. Contact
with one of these users indicates a low maintenance unit
with little operator attention.



Kapouded Teb €6

ey

~ burtales

USNTIFI
wmnToo
uaxx

—]

AjToRdRD
b 0f

~RZ]TRIINSN

T aanbtd

A

dung
pead

ol

|| peag ey

UOTRRINDTFUCD MOTFUMO] UT JURTd 3IOTTd

TToM TT
paasnpy




Ayroeded TE €6 | h _

pead
HUBL 1 peag Ie3my |
<
burT33es | TToM TI-W

1 pesnfpy Hd

&yyoeded |

ﬁ.auwuom

I
UOTYRZTTRIINON il
M TS
Y, 3

AUTIFE Wnico uaxl

uof3IRANDTIUCD moOTFdn UF JuUVId IOTTd
¢ 9anbtg




TR Ul ue,
pues BUT[3I9S  UOTIRZFTRIINSN







£0°0 »0°0 9L 19 0T  8° 8 0'€ 20 8 OvB'LE  T°SE 9°sc
£0°0 ®T 'S 0T 80 s 0°¢ 20 P8 OM'LE  TU8C 9°sc ﬁ“ -
20°0 ze e ®0T 8 ') 0'c zz°0 ‘e omeee T .
20°0 %€ L'9 9 20 H 0°¢ z2*0 - M“M “.MM ”m"“ 025
0 €00 02 e % z 1 'z z2°0 s  OM'LE  T'8C 9°sC STt
£0°0 " e T 1@ 't 20 s 0N T8C 9°5¢ ST
$0°0 ” 9L 26 z o 'z tz°0 8 OM'LE  T8C 9°s¢ §T0T 615
1'c 61 82 16 9% z 0z sz 22°0 s oL . T'8E 9°s¢ 006T
9°0 9 €'s z 0z $°z zz'0 »8  O¥B'LE  T'6E 9°5€ 00yT
o » re 88 z 0 sz 20 8 OMB‘LE  T°SE 9°5€ 000T 1%
% s€ " z°€ ’ y 0z 'z sz°0 Sy 00PLT  €£°0C 0°€C 006T
62 x £°€ 4 0z $'z §2°0 Sy 00M'LT  £°0C 0°€E 0091
‘ €c 80 L's 96 4 or §'z §2°0 Sy 00V'LT £'0Z 0°€E 0060 L1-§
s 09 8 6y 26 ’ 61 0°¢ $2°0 $'%  00V'LT €02 0°€c 0c8t
"% ’ s's ' 6T 0°c $2°0 S 00P'LT £°0Z 0°€E 0eNT
§°€2 H s's 98 4 6T 0'¢ $2°0 §'Y  00MLT  £'0Z 0°€¢ 0c0T 915
$°9 et o9t "y 0z 8'1 E*0 6's 00l  £02 0°€E Syt
61 UT 9T ’y oz 8'1 ¥e°0 6's  OOMLT c°OF 0°€E S¥91
1 ot o 6 oy 8'T ¥E°0 6'S 00M'LT £°0Z 0t M1
91 Wt o' 6 or 81 Y0 6°S  O0V'LT €£°0Z 0°€c $Hz1
£0°T '€ 6 or 81 ¥e'0 6§ 00M'LT €'0C 0'§e ST ST-5
0'9 T e 9 or o1 $c*0 ¥8  0E6'sz  6°LE 0°cE 0€8T .
12°0 1'c ‘9 or 8°1 $E°0 P8 O0E6‘€T  6°LE 0°EC 0cLT
0'9 €'z 6 o 81 ¥2°0 §v  0cs'eT  ¥°sE §°0¢ 0001
9°0 T°€ 6 14 81 70 £y OGS'ST  ¥'SC §°0¢ 0980 "5
0°0 1°0 %z e 86 6 cr R "0 €'y Ofs‘8T  ¥'ST-  §'0C 006T
°0 80°0 w2 LT 86 6 & 8T »2°0 §'0  06S'OT  ¥'ST §°0C 00T . (MoTada) £1-5
140 10 orz 86 §'9 e T 920 §'v  OES‘6T  ¥'sE §0 . OELT
60 1°0 61 00T 8 o 8T "0 $'y  0Es‘8T  ¥°SC §°0¢ 00€T 15
ot 45 et $T°0 € 062'ST  8°cl TST  weaml oTdusg o TI-6
£°€ 1°0 ozt 86 ot ) 8'1 ST*0 €2 062'ST 8'€8  Z'ST ' 0012
) §°0 96T 96 ot w 81 ST°0 €'C 062'ST 8'€8 st 008 oT-s
»e 00T ot or 8°1 0€°0 Sy 062’ST 8°'ts z'st 0£LT
oot 00T ST 09 81 0€°0 Sy 06Z'ST  9'C8 Tt 0ETT 65
ot< 00T sT 09 T 0o Sy 06Z'ST B8°€8 - T'ST (OTFUNCT) §O~8~5
(7 R L 7 ™) . (;vo-nd) SLL/30R
QD (D (/) ;- (/6)  (R/a8) (x/o) ._O\vg (Bx) ™ (uo)
E E Ellhwulllll E =
T . L
L F2dH |



poon Kasp

pooo Aasp

pooo Kaap

NAmovmz

®37JTNSTQe3dN UNTPOS

93TITNSTgRIaU
unTPOS Y3ITA
paonpaa (IA)aD

COﬂuMhmmMOU

a93sayduey

2004

a00d4

4004

pat3Toadsun

ap sasowy
abueyoxy uor
/(II1)ad o3
(IA)aD 3a3Aucd
03 jeaalaad

*ou7r
yoajTues

a00d

abeasay

8pIIINS
peT3Toadsun

uotjejrdrosad
A opTIINS
Aq pemotTO3
uoT3oNpaa
(IA)aD

*oul
Teuotjeuaajzur
Aouen

HO®BN

oS4

Vosea yatm

uoT3oNPaa
" (IA)ID

swo3sXs
AboTouyosg,
uoranTiod

pPood

pood

pood

OUON

8d

(apoajoaTe

-

a4 TeToTJTaoes)
TeDTWayo0a303Td

sess200ad
TejuswuoaTAUY
OOANY

po3ussaad

TTe3aq °¢

pajuesaag

a3ewT3Isy 380D

Jo Katrend -z

pejuasaad
uotjRWIOIUT

ubtsaqg

Jo A311end  °1

-

S]USWEEaSEY
aaTIeTTEND)

Juaby
uotjeltdroaad

Jue3oNpPay

TedAy

£8900ad

Tesodoag

But33Twang
Aueduio)

WAIVMANNOHD NOSHAGNAH WONd TVAOWEY WNIWOWHO ¥0d STWSOdOdd J0 AYVWWNS NN 224 §
—_ '/
$



GROUNDWATER:

1.

Mitigative Actions Taken

A. Remove holding ponds P-1 and S-1.
ponds stored solutions containing

contaminant constituents of interest.

B. Seal process building £floors; leakage

to groundwater stopped.



% oy

GROUNDWATER CHROMIUM CONCNETRATION TRENDS

KERR~-MCGEE CHEMICAL CORPORATION
HENDERSON FACILITY

MAY 2, 1986
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HENDERSON GROUNDWATER TOXIC CONSTITUENTS

ANALYSES

Attached are groundwater characteristic results requested
by NDEP in their February 26, 1986 letter. Areas which have
groundwater with high conductivity were sampled. Those areas
included Unit 6 (well M-29), Units 4 and 5 (well M-12), and
the steam plant (well M-9). A well upgradient of the KMCC
facility (well M-10) was also sampled. Also attached are
data from samples collected in January, 1985 from wells M-9,

M-10, and M-23, as well as the process. electrolytic cells.

1. Elevated levels of chromium, TDS, chlorate, and perchlo-
rate are noted north (downgradient) of Units 4 "and 5.
Cell liquor from these units are high in Crt*f, C1l, and

TDS.

2. Elevated 1levels of magnesium, manganese, TDS, sulfate,
and lowered pH are noted under Unit 6. Manganese and

sulfate in an acidic solution can be found in Unit 6.

3. Elevated levels of boron, chromium, sodium TDS, chloride,
chlorate, and perchlorate are found in groundwater in
the facility steam plant area downgradient of the process
buildings and retention ponds P-1 and S-1. These compounds
can be attributed to groundwater flow from Units 4 and
5 and possibly from past leakage from now closed ponds

S-1 and P-1.



Well
Parameter M-23
crte 3.8
C1 2680
SO, 1960
DS 12,000
Ag .08
As 27
B 13
Ba .04
Cd .028
Co .051
Cu .047
Fe .079
Mg .30
Mn L1
Na 1700
Pb .24
Se .15
v .18
Zn .26
F <0.5
Note:

HENDERSON, NEVADA
GROUNDWATER DATA

Well
M-10

Background

<.0l]
460
780
2660

<.02

<.1

.031
<.015
<.01
<.015
<.033

.34
530

<.025
<.005
<.2

A1l analyses are in units of mg/1.

Samples collected in January, 1985.

39
5340
2030

22,800

.05
.31
43
.046
.019
.035
.024
2.1
.51
.34

A7

.16

.012

.73
<1

Cell Liguor

2500
71,000
2510
650,000
<2.0
<11
16
<.15
<1.
<1.
<1.
<3.
85
<.70
150,000
<5
<10
<2.5
<.5
<.2

w O - O
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KERR-MCGEE CHEMICAL CORPORATION

POST OFFICE 80X 85 o NENDERION, NEVADR Spo1s bcc: B. Ritchey-TIMET
. L. G. Christiansen
qanuary 27, 1986 _ P. S. Corbett
S. M. Crowley
Certified Mail No. P 673 531 439 ~ B. L. Hoffman
' J. H. Stallings
J. C. Stauter

Mr. Joe Livak R. F. Wohletz

State of Nevada

Division of Environmental Protection
201 South Fall Street

Carson City, NV 89710

Dear Mr. Livak:

Kerr-McGee Chemical Corporation operates a main recirculated
water cooling tower which supplies cooling for Tltanlum Metals
and KMCC.

In the past, we have experienced cooling tower overflows
which resulted in recirculated water discharges from our
property through the Beta ditch eastern weir. The recirculated

water is noncontact, yet it is treated to prevent corrosion
and scale. KMCC recognizes its responsibility to minimize
unpermitted discharges, and we have taken several steps re-
lated to the cooling tower to achieve this goal.:

1. Installation of an alarm for loss of power to the recircu-
lation pumps was completed in 1985. This was done to
reduce the necessity of the Fisher valve opening to supply
emergency cooling. If power fails to one recirculation
pump, the plant is alerted and can power up a replacement
pump, if available. This situation has occurred at least
once since the alarm's installation. Appropriate actions
were taken before the cooling tower overflowed.

2. KMCC has requested that Titanium Metals not return emer-
gency cooling water to the cooling tower without prior
arrangements. Without prior arrangements, Titanium Metals
would need to obtain appropriate agency approval to dis-
charge it through the storm sewer. After recirculated
water line breaks, both Titanium Metals and KMCC are
required to make up emergency cooling water from Lake
Mead stabilized water. If this additional water returned
to the tower is more than the makeup required by evapora-
tion, an overflow occurs. Discharging the emergeéency cool-
ing water dlrectly should not cause an adverse environ-
mental impact since the discharged water would be once-
through, noncontact, Lake Mead stabilized cooling water
rather than treated cooling tower water. There have been
‘a number of oral and written communications between the
management of the two plants on this subject.



Mr. Joe Livak . S
Page 2
January 27, 1986

3. Several exhaustive searches have been conducted at the’
KMCC plant to determine points where Lake Mead stabilized
water can be used as emergency cooling water in the event
of recirculation water failure. Points where crossties
are available have been "tagged out.®” This means that
before the valving sequence can be changed to allow for
emergency cooling water, the environmental engineer must
be notified. Each time there is an overflow due to return
of excess water to the tower, each crosstie is checked.
To date, none have been shown to be the cause of an over-
flow. '

4. 1Installation of an alarm system to warn of a high level
in the recirculated water wells is in progress. This
alarm will alert KMCC of a rising level in either the
cold or hot well and, further, of an impending cooling
tower overflow. Before the overflow occurs, there can
be an investigation of the reason(s) for excess flows
returning to the tower and possible prevention of the
overflow.

5. KMCC is committed to the reduction of all water added
to the recirculated water system. This includes any known
water sources and any unknown ones that may be discovered.

6. A total abandonment of the present tower is tentatively
scheduled for the year 1988. Until that time, all that
is practical and feasible will be done to ensure that
the incidents of tower overflows will be kept to a bare
minimum. -

We understand that Titanium Metals is constructing a new
cooling tower which will allow them to discontinue use of
KMCC's cooling tower. The tentative date for severing this
connection with the KMCC tower is March 1, 1986.

Again, KMCC 'is committed to reducing unpermitted cooling
tower overflow discharges. If you have any questions or can
offer any advice, please feel free to call S. M. Crowley
at (702) 565-8901, Ext. 234.

Sincerely,

KERR-McGEE, CHEMICAL CORPORATION
(PP .
R.“B. Chase, Jr.

Plant Manager
RBC:jc

cc: Wendell McCurry



FIRST IN TITANIUM , - Henderson Plant
P.O. Box 2128, Henderson, NV 89015 (702) 564-2544

March 31, 1986

Ms, Susan Crowley
Kerr-McGee

8000 West Lake Mead Drive
Henderson, NV 89015

Dear Susan:

Our Production Department was notified on March 13 by Kerr-McGee that
the return to their cooling tower was high and in danger of overflowing.
Production conducted a search and found a 3/4 inch hose discharging
stabilized water into the recirculating water system at the rate of 10
to 12 gpm.

A conversation between Pat Corbett (Kerr-McGee) and Mike Thompson
(TIMET) on Friday, March 14 indicated the problem was no better. TIMET
found a 1-% inch domestic water line open to the recirculating water
supply system. The line was closed off promptly at 1500 hours. 1In
addition, to help alleviate the problem, recirculating water to the oil
heat exchangers on 82, 83 and 84 off gas blowers was drained to TIMET's
pond system for about four hours,

Production received no further word from Kerr McGee concerning this

particular incident.

Mark Small, Ph.D
Supervisor of Environmental Quality

MS/jk

McNair
Partridge
Ritchey
Roybal
Thompson
Wruck

cc:

OnhXLw

PROIRG

Plants: Henderson, Nevada ¢ Toronto, Ohio Research Ceriter. Henderson, Nsﬁda
Service Centers: Los Angeles, California o Hartford, Connecticut
Corporate Office: Pittsburgh, Pennsylvania
Sales Offices World Wide
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RECEIVED

voR 14 1986

N STATE OF NEVADA R.B. .G;!ASE
DEPARTMENT OF CONSERVATION AND NATURAL RESOURCES

DIVISION OF ENVIRONMENTAL PROTECTION
Capitol Complex
Carson City, Nevada 89710
(702) 885-4670
March 11, 1986

Kerr McGee Chemical Corporationm
Attn: Rolf B. Chase, Plant Manager
P.0. Box 55

Benderson, Nevada 89015

Dear Mr. Chase:

The enclosed Finding of Alleged Violztion is issued by the Administrator
of the Division of Environmental Protection, pursuant to Nevada Revised Statutes
(NRS) 445.317 and 445.324. The Finding was developed as a result of our review
of a chronic history of cooling tower overflows which KMCC has reported in
accordznce with Part I1.A.2 of Permit NV0O000078.

Enforcement action in the form of a compliance order normally accompanies
a Finding, but in this case enforcement action is being deferred, pending-the
outcome of our meeting scheduled for April 4, 1986.

If you have any questions concerning this matter, please contact me
at (702) 885-4670.

cs
,;ncerely,/ p /
~‘ /

‘ L =g
oatd] S. Fhnte

LA}

foseph S. Livak
Water Quality Enforcement Officer

Enclosures

Certified M2il# P 055 338 464
Return Receipt Requested

cc: Roland Westergard =
L.H, Dodgion
Marta Adems
Nevada Environmental Commission
EPA, Region IX

y
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IN THE MATTER OF
KERR-MCGEE CHEMICAL CORPORATION
HENDERSON, NEVADA

A.

B.

. FINDING OF ALLEGED VIOLATION

I. This Finding is made on the basis of the following facts, to wit:

The State of Nevada Department of Conservation and Natural
Resources, Division of Environmental Protection, under the
authority of Nevada Revised Statutes (NRS) 445.214 subsection 1
has the power and duty to administer and enforce the provisions of
NRS 445.131 to 445.354 inclusive and all rules, regulations and
standards promulgated by the Commission and all orders and permits
promulgated by the Department.

NRS 445.221 "Unlawful discharge of a pollutant without a permit.”®

Except as authorized by a permit issued by the Department under

the provisions of NRS 445.131 to 445.354 inclusive and regulations
promulgated under such sections by the Commission, it is unlawful
for any person to discharge from any point source any pollutant into
any waters of the State. -

Permit No. NVO000078 issued by the Department on September 21, 1981
contains general and specific conditions including:

Part 1.A.1 which states, in part: "The permittee shall contain all
process waste spills and prevent them from entering the discharge ditch.®

Nevada Administrative Code (NAC) 445.1353 -- Lake Mead Water Quality
Standard: "The method of controlling phosphorus for Lake Mead at this
time is application of 1 mg/1 total phosphorus as a limit on discharge
of effluent (30-day average) for point sources ... into Lake Mead or
jts tributaries®. The chloride standard is < 400 mg/1.

During the period beginning September 20, 1984 and ending February 11,
1986, Kerr McGee Chemical Corporation reported twenty three (23)
unauthorized discharges of noncontract cooling water from the cooling
tower overflow basin to the Beta Ditch, a tribrutary of the Las Vegas
wWash. Pollutant concentrations, based on grab samples, and estimated
volumes of each discharge were reported as follows:

Date of incident NaCl P04 Volume
{mg/1) {mg/1) {gallons)
September 20, 1984 467 NR 48,000
September 26, 1984 761 NR 200
November 19, 1984 1,056 NR 92,000
December 13, 1984 500 NR 63,000

December 19, 1984 909 NR 50,400



" FINDING OF ALLEDGED m-moﬁon
YERR WCGEE CHEMICAL CORPORATT

Page 2

December 26, 1984 NR NR 390,600
January 2, 1985 1,240 NR 6,000
January 5, 1985 NR NR 13,950
January 6, 1985 NR NR 12,000
January 25, 1985 - 254 NR 4,176,000
April 22, 1985 12,320 B NR 800 -
June 19, 1985 1,910 ‘ NR 900,000
June 29, 1985 NR NR 16,800
July 23, 1985 650 16 7453 ,000
August 2, 1985 : ' 1,112 30 352,800
August 28, 1985 2,534 NR 125,400
September 24, 1985 1,000 11 NR
November 22, 1985 684 25 67,400
December 9, 1985 1,000 30 3,018
December 23, 1985 548 11 1,354,320
- December 26, 1985 600 8 23,800
December 31, 1985 616 11 1,680
January 20, 19854 234 8 6,492,000 -

I11. On the basis of the facts listed above, the Administrator of the Division of
Environmental Protection finds that Kerr McGee Chemical Corporation is in
violation of NRS 445.221 and permit No.NV0000078 for the unauthorized
discharge of pollutants to waters of the state; and NAC 445.1353 for
exceeding the water quality standard in effect for Lake Mead.

Dated /2/ 2% &




a0}, KERR-MCGEE CHEMICAL CORPORATION

~

— POST OFFICE BOX 55 e« HENDERSON, NEVADA 89015

May 1, 1986

Mr. Joe Livak

State of Nevada

Division of Environmental Protection
Capitol Complex

201 South Fall Street

Carson City, NV 89710

Re: NPDES Permit No. NV 0000078
Kerr-McGee Chemical Corporation
Henderson, Nevada Facility
Amended Permit Application

Dear Mr. Livak:

On April 24, 1985, an NPDES permit application was submitted
to the NDEP for the Kerr-McGee Chemical Corporation (KMCC)
Henderson, Nevada Facility. The application, submitted in
response to the December 10, 1984 NDEP request, incorporated
all stormwater point source discharge locations as well as
an outfall point for cooling tower discharges during upset
conditions.

Since the time of the submittal, programs to substantially
reduce the incidences of cooling tower discharges have been
instituted. These programs will remain in effect until the
scheduled cooling tower replacement in August, 1988. The
actions are reflected in the attached amended facility NPDES
permit application.

The amended application incorporates the following:

o The existing permitted discharge point 001 is being
retained for discharge of once-through noncontact cooling
water. Once-through cooling water from the Manganese
Leach plant is being piped to this point for discharge.
No process fluids are discharged.

An additional flow diagram is submitted showing the
discharge of noncontact cooling water from the Manganese
Leach plant to point 001.

Pages V-1, V-2, and V-3 have been revised to reflect
discharge of this once-through cooling water.



Mr.

Joe Livak

Page 2
May 1, 1986

Proposed discharge point 004 includes stormwater dis-
charges from adjacent properties owned and/or operated
by Genstar, State Industries, TIMET, and Stauffer Chemi-
cal Corporation. The September 26, 1984 amendments to
the NPDES permit regulations provide for separate permits
for stormwater discharges affected by more than one
company. KMCC requests that Nevada DEP evaluate the
discharges from each of the listed companies and issue
separate NPDES permits for their discharges.

As committed in the April 24, 1985 submittal, KMCC will
sample the stormwater outfalls during the first runoff
event, analyze for appropriate constituents, and submit
the results to the NDEP. To date, there have been no
rainfall incidents sufficient to produce runoff. There-
fore, information provided on effluent characterization
at the proposed discharge points is based on knowledge
of operations and the potential presence of process-
related chemicals.

The cooling tower Water Balance Diagram has been amended
to show that upset discharges will be routed to Mn-1
Pond rather than 001. Discharges to the pond will be
recycled to the cooling tower. The diagram also shows
elimination of the connection with TIMET noncontact
cooling water, effective July 1, 1986.

Should you have any questions regarding the attached amended
application, please contact Ms. Susan Crowley at (702) 565-
8901, Ext. 234.

Sincerely,
KERR-McGEE CHEMICAL CORPORATION

Chase, Jr.
Plant Manager

RBC:jc
Attachments

CC:

US EPA, Region IX
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§ EPA 1.D. NUMBER (copy from Item 1 of Form 1)

Form Approved OMB No. 158-R0173

FORM U.S. ENVIRONMENTAL PROTECTION AGENCY
¥ 5 ¥ APPLICATION FOR PERMIT TO DISCHARGE WASTEWATER
zn \"EPA EXISTING MANUFACTURING, COMMERCIAL, MINING AND SILVICULTURAL OPERATIONS
NPDES Consolidated Permits Program
.OUTFALL LOCATION
For each outfall, list the latitude and longitude of its location to the nearest 15 seconds and the name of the receiving water,
K DUTFALL B. LATITUDE C. LONGITUDE
N {173?) 1. OBG. 2. MIN, 3. SEC. V. DEG, 2. MIN. 3. SEC, D. RECEIVING WATER (name)
001 36 02 46 115 00 07 |Into an unnamed drainage ditch to the Las
002 36 02 31 115 00 14 |Vegas Wash
003 36 02 32 114 59 51
004 36 02 43 114 59 54

11. FLOWS, SOURCES OF POLLUTION, AND TREATMENT TECHNOLOGIES

A. Attach a line drawing showing the water flow through the facility. Indicate sources of intake water, operations contributing wastewater to the effluent,
and treatment units labeled to correspond to the more detailed descriptions in item B. Construct a water balance on the line drawing by showing average
flows betwesn -intakes, operations, treatment units, and outfalls. If a8 water balance cannot be determined fe.g., for certain mining activities), provide a
pictorial description of the nature and amount of any sources of water and any collection or treatment measures.

B. For each outfall, provide a description of: (1) All operations contributing wastewater to the effluent, including process wastewater, sanitary wastewater,
-cooling water, and storm water runoff; {2) The average flow contributed by each operation; and (3} The treatment received by the wastewater. Continue
_ on additional sheets if necessary,

1. OUT- 2. OPERATION(S) CONTRIBUTING FLOW 3. TREATMENT
"‘(}'g,"uno a. OPERATION (list) b. Anetnde anit a. DESCRIPTION b. LIST CODES FROM
001 | Noncontact once-thru Intermittent None 4-A
coolign water
002 | Stormwater (see attached None 4-A
description)
003 | Stormwater (see attached None 4-A
description)
004 | Stormwater (see attached None 4-A

description)

OFFICIAL USE ONLY (Jﬂ'uent guidelines sub-categories)

EPA Form

3510-2C (6-80)

PAGE 1 OF 4

~ CONTINUE ON REVERSE




EPA 1.D. NUMBER (copy from Item 1 of Form 1) ]
" CONTINUED FROM PAGE 2 { NVD 008290330
V. INTAKE AND EFFLUENT CHARACTERISTICS

Form Approved OMB No. 158-R0173

A,B,&C: Seeinstructions before proceeding — Complete one set of tables for each outfall —~ Annotate the outfall number in the space provided.
NOTE: Tasbles V-A, V-8B, and V-C are included on separate sheets numbered V-1 through V-9.

D. Use the space beiow to list any of the pollutants listed in Table 2¢-3 of the instructions, which you know or have reason to believe is discharged or may be

discherged from any outfall. For every poliutant you list, briefly describe the reasons you believe it to be present and report any analytical data in your
possession.

1. POLLUTANT 2. SOURCE 1. POLLUTANT 2. SOURCE

None

Vi. POTENTIAL DISCHARGES NOT COVERED BY ANALYSIS

A. Is any pollutant listed in ftem V-C a substance or a component of a substance which you do or expect that you will over the next 5 years use or manufacture
as an intermediate or final product or byproduct? ’

{1 YEs (list all such pollutants below) Xino (go to Item VI-B)

B. Are your operations such that your raw materials, processes, or products can reasonably be expected to vary so that your discharges of pollutants may during
the next 5 years exceed two times the maximum values reported in Item V?
[:]YES fcomplete Item VI-C below) D NO (go to Section VII)
C. H you answered ""Yes” to Item VI-B, explain below and describe in detail the sources and expected levels of such poliutants which you anticipate will be
discharged from each outfall over the next 5 years, to the best of your ability at this time. Continue on additional sheets if you need more space.
L]
EPA Form 3510-2C (6-80) PAGE 3 OF 4
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Outfall 004 wil) also intercept the discharges
from KMCC outfalls 001 and 002, Genstar Lime storm-
water, State Industries, Timet, and Stauffer Chemi-
cal Corporation. KMCC's willingness to propose

" and accept the location of this outfall is depen-
dent on the following:

1) The discharges of Genstar, State Industries,
"Timet, and Stauffer Chemical Corporation must
be subject to individual NPDES permits, and
these permits must contain effluent limitations
at levels such that the permitted discharges
will not <cause KMCC's permitted discharge
to violate its NPDES permit limitations.

2) The final NPDES permit must contain the follow-
ing language: "An exceedance of an effluent
limitation at outfall 004 will not be consid-
ered a violation of this permit or of the
Federal Water Pollution Control Act of 1972
if it was caused by another company's effluent.
Determination of the source of the exceedance
shall be made by analyzing samples taken at
relevant locations. The samples must be taken
by KMCC within one hour after the exceedance
is first recorded at outfall 004 to qualify
as evidence for purposes of this paragraph.”

The runoff area for outfall 004, not including
the 002 area described above, is estimated at
25 acres. There is no treatment applied to this
discharge. :

Outfalls 002, 003, and 004 are located on the map provided.
The outline around the ammonium perchlorate plant delineates
the isolated area from which plant runoff is diverted to
ponds for recycle/reuse.



KERR-McGEE CHEMICAL CORPORATION
Henderson, Nevada
EPA No. NVD 008290330
NPDES Permit No. NV 0000078

§ 122.21(£)(9)(i)

STORMWATER POINT SOURCE IDENTIFICATION

Outfall
002

outfall
003

Outfall
004

Outfall 002 is the monitoring point for the storm-
water collection system serving the area surround-
ing buildings 1, 2, 3, and the western half of
4, and includes the approach road to the plant
administration building and area. The sodium chlo-
rate recovery operation in this area does not
impact on discharges of outfall 002. The storm
drain system has been sealed in the process opera-
tion area and barriers placed to prevent runoff
from the area. The 002 collection area is depicted
on the attached map and encompasses approximately
29 acres.

The stormwater runoff is collected and discharged
into the unnamed ditch which flows into the Las
Vegas Wash. No treatment is applied to these dis-
charge waters.

This discharge point monitors the stormwater col-
lection system serving the area surrounding the
eastern half of building 4 and buildings 5 and
6. Building 5 contains sodium chlorate, sodium
perchlorate, boron trichloride, boron tribromide,
and elemental boron processing operations. Building
6 contains a manganese dioxide electrolysis opera-
tion. These process areas are isolated from the
stormwater collection system. :

outfall 003 discharges to the stormwater collection
system that also serves Titanium Metals Corporation
(Timet). The runoff area served by the KMCC outfall
is estimated to be 24 acres. No treatment is ap-
plied to these discharge waters.

Outfall 004 will monitor the noncontaminated storm-
waters collected from the ammonium perchlorate
unit area which is located in the northern section
of the KMCC Henderson Plant. This plant produces
dry granular ammonium perchlorate which is stored
in lined and sealed 55-gallon drums on asphalt
pads. The processing areas and vessels are isolated
by containment foundations which prevent commin-
gling of process and nonprocess areas.



KERR-McGEE CHEMICAL CORPORATION
Henderson Facility
Henderson, Nevada

NPDES Permit No. NV 0000078

9122.21(£)(9)(3)

STORM WATER POINT SOURCE OUTFALL DESCRIPTIONS

Outfall Type Treatment
No. Operation Flow Type
002 Storm Water Runoff Group 1 None

Buildings 1, 2, 3, Storm Water
and 1/2 of 4
003 Storm Water Runoff Group 1 None
' Buildings 6, 5, Storm Water

and 1/2 of 4 (Dis-
charges into TIMET

property)
004 Storm Water Runoff Group 1 None
Ammonium Perchlo- Storm Water

rate Plant and
Auxiliary Building,
Maintenance and
Steam Plant



9122.21(£)(9)(ii) - Group I SWPS Pollutant Data

All outfalls in Groub I SWPS require all available
quantitative data on the following pollutants for
each SWPS discharge: T
a) Oil and Grease
b) Total Organic Carbon
c) Chemical Oxygen Demand
d) GC/MS fractions as follows:

1) Volatile Compounds

2) Acid Compounds

3) Base/Neutral Compounds
Under the present KMCC Henderson permit No. NV
0000078, these pollutants have not been required
for analysis purposes. Furthermore, since no rain-

fall has occurred that has caused sufficient runoff,
no information is available for these pollutants.



F R

q 122.21(£)(9)(4ii)

For any Group 1 SWPS, a 1list for each discharge point of
any opf the following pollutants which are known or expected
to be present in the discharge is reqguired. See the chart
below for this information.

Group I SWPS
002 ’ 003 004
Believe Believe Believe Believe Believe Believe
Pollutant Present Absent Present Absent Present Absent

0il and

Grease X ‘ X X
Total | ]
Organic X X X
Carbon
Chemical _
Oxygen X X X
Demand
Volatile :

: X X X
Acid
Compounds X X X
Base/
Neutral X X X

Compounds
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v inf OF EQUAL SATURATED THICKHESSY

apCVE THE TOP OF THE MULDY CREEK
FORMATION. (FEET)

NEGATIVE (-) CONTOQURS [HEICATY
' qu‘:HE ALLUYIAL DEPOSITS ARL
i '=U¥ETEP AND THE GROWHDMATEK




