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INTRODUCTION



I. I NTRODUCT ION

This is the third Lozier Architects/Engineers ("Lozier")

Engineering Report dealing with the mercury contamination at the

Taylor Instrument Company Ames Street site ("Taylor"). Taylor is

a division of Sybron Corporation and has a manufacturing facility

located in Rochester, New York at 95 Ames Street. The history of

the discovery of mercury contamination at the Ames Street site has

been dealt with in the two (2) preceeding Engineering Reports.

This report will discuss the proposed hydrogeological field work

and bench scale testing associated with the first phase of the

proposed remedial action plan to be implemented at the Taylor

site. This report is the next step in the schedule presented in

Chapter IV (Program Implementation and Scheduling) of the March

1982 Lozier Engineering report.

At present only a portion of the grounds at the Ames Street

facility is known to be contaminated with elemental (or metallic)

mercury. That contaminated area is shown in yellow on Figure 1.

One of the goals for Phase I is to delineate the boundaries of any

mercury excursions across the site. Consequently, the general

thrust of thi s report wi 11 deal wi th the proposed methodology for

assembling soil and water data from the entire Ames Street site in

order to firmly establish the extent and concentration of any

mercury contamination within the groundwater and soil matrix.

The original hydrogeological field work performed in the fall of

1981 consisted of drilling four (4) P.V.C. monitoring wells and
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sixteen (16) split spoon soil boring holes. The results of that

work and the associated laboratory tests were presented in the two

(2) previous Lozier Engineering Reports. Appendix A of this

report contains a graphic presentation of the location and

orientation of that field work within the area of known

contamination at the Ames Street site.

Appendix A of this report gives a detailed discussion of the

hydrogeological field work proposed during Phase I of this

project. In that appendix the overall program is discussed and

the reasons for the various elements of the program is explained.

Prior to implementing the hydrogeological field work described in

Appendix A, the New York State Department of Envir6nmental

Conservation (NYSOEC) will visit the Taylor Ames Street site.

C~emical fixation was recommended in the March 1982 Lozier report

as the method which would not only remedy the mercury

contamination at the ray-lor site, but also minimize the

environmental concerns associated with any remedial action.

Research on the principles of chemical fixation has posed a number

of feasible implementation methods. This fact is reflected in the

proposed bench scale testing program discussed in Appendix B of

this report. As a part of the program outlined in that appendix,

chemical fixation will be tested for its feasibility at the Ames

Street site using a spray application technique in addition to the

mixing technique which was advanced in the March 1982 Lozier

Engineering Report.
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All of the work proposed in this first phase of the remedial

action plan is a result of, and follows the approval by the New

York State Department of Environmental Conservation (NYSDEC) of

the treatment concept outlined in the March 1982 Lozier

Engineering Report. This approval can be found in the April 26,

1982 1e t t e r fro m Pa u1 F. Sc hmi ed, P. E• t 0 r~ r • G• Rob e r t Wit mer ,

Jr.of Nixon, Hargrave, Devans and Doyle.

Once Phase I work has been performed and the data collected and

analyzed another report will be prepared and submitted to NYSDEC

for approval. That report will analyze the effectiveness of the

Phase I work and propose either an advancement of the project

using the chemical fixation approach, or an alternate remedial

action plan for use at the Taylor site.

The next section of this report will deal with proposed judgement

criteria for assessing the effectiveness of the bench scale

testing program in reducing mercury levels. These criteria, if

accepted, will then be used as guidelines to assess the validity

of the chemical fixation methodology and the recommended plan of

implementation.
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It is not possible at this point to predict the amount of mercury

at the Am esSt r e e t sit e whi c h wi 11 be c hem i cally fix e d bye i the r

of the proposed treatment schemes. Before the bench scale tests

are begun~ it is important for all parties involved in the process

to agree upon the general criteria which will be used to judge the

success of these tests. Conversely, these criteria should not be

inflexible since the bench test results might indicate that

chemical fixation is a viable remedial measure but that

modifications in the proposed technique are necessary.

It should be emphasized that the judgement criteria discussed

below are related only to how the final results of the bench scale

tests will be evaluated. Taylor realizes that throughout the

bench scale and hydrogeological tests many decision-making points

will occur. For example, since the literature indicates that

organic mercury may not be amenable to chemical fixation, once the

initial soil analysis indicates the proportion of the onsite

mercury which is in the organic form~ a decision will have to be

made as to whether or not chemical fixation still appears to be a

viable remedial technique.

Some of these decision-making points will be absolute "stop" or

"proceed as planned" points while others will be utilized to

select among available options. Since each decision and~ in fact~

each decision-making point will be influenced by all the data

collected and decisions made up to that point, it is impossible

(in this report) to identify all the decisions which will have to

-5-



be made. Therefore only the final decision-making point (for

Phase I) is discussed below. Once NYSDEC has approved this

report, Taylor and its consultants will begin to identify the

interim decision-making points. For the reasons discussed above

this identification process, at least for Phase I, will only cease

when the hydrogeological and bench scale tests have been completed

and the criteria discussed below applied. The final Phase I

report, which will contain the proposed details of Phase II of the

remedial measures~ will include a discussion of how this

decision-making process was applied. If, at any time during Phase

I, a decision must.be made on whether to stop or delay the

remedial process, DEC will be contacted immediately.

The bench tests performed in the laboratory will examine the

capability of the chemical fixation technique to lock the mercury

in place and reduce or eliminate the generation of a mercury

contaminated leachate. In order to establish criteria by which

the results of the bench scale tests can be assessed, it is

important to examine first the ultimate objectives of the remedial

project at the Ames Street site. In the opinion of Taylor, the

ultimate objective of this remedial process should be the

prevention of mercury contamination of the groundwater. Thus,

Taylor believes that the most conservative criteria against which

the success of the bench tests, and ultimately the actual remedial

measures, could be measured is the State1s groundwater standard

for mercury. Since there is no known use of the groundwater by

residents, industry or commercial interests in the vicinity of the
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Ames Street site, Taylor bel ieves that if, after fixation, the
. (){l.
laboratory leachate meetsais less than the State's groundwater

effl uent standard for mercury (0.004 mgjl, see 6 NYCRR

§ 703.6(a)) then the bench scale tests can be deemed a complete

success. If the final mercury concentration in the laboratory

leachate exceeds 0.004 mg/l, but still exhibits a significant

decrease in mercury content, then Taylor believes that the bench

scale tests should be deemed partially successful. The bench

scale tests are structured so as to determine the viability of the

chemical fixation methodology. It is anticipated that the

employment of the method in the fi el d wi 11 invol ve a di rect scal e

up of the laboratory procedures with the possible addition of a

safety factor to cover unexpected field adjustments.

Since there is no ready-made benchmark which can be used to judge

whether the reduction in mercury in the leachate following

chemical fixation is "significant," Taylor suggests that if the

mercury concentration within the laboratory leachate after

fixation has been reduced by 50 percent or more, then the

reduction can be considered significant and thus the fixation

technique can be deemed a partial success.
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Similarly, Taylor believes that if the laboratory leachate fails

to meet the 0.004 mg/l criterion but if the "EP Toxicity-mercury"l

concentration is reduced by 75 percent or more through chemical

fixation, then the chemical fixation technique can still be deemed

a partial success.

If the EP Toxicity-mercury concentration is reduced between 50 and

75 percent, then Taylor believes that this data will have to be

considered together with the laboratory leachate mercury data

discussed above. Based on that review, a decision will be made on

whether or not to deem the bench-scale tests a success.

Should the bench scale tests be only partially successful in

removing the mercury content of the laboratory leachate, further

on-site collection or treatment of the leachate might have to be

incorporated into the final remedial procedures. If leachate

collection appears to be necessary, discussions with the Monroe

County Department of Wastewater Management ("Department") will be

undertaken to determine the maximum concentration of mercury the

Department would allow to be discharged to its collection system.

1 That is the mercury concentration within leachate which was
generated using the EP Toxicity test procedures (40 CFR § 261, Ap.
II). In the proposed bench scale study the EP Toxicity test
procedure is used to simulate conditions which are much more
rigorous than natural conditions, (see Appendix B).
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Taylor proposes that the preceeding criteria be utilized in

assessing the results of the bench scale tests. Accordingly, the

preceeding proposed judgement criteria are summarized in the

following table:

JUDGEMENT CRITERIA

A. Laboratory Leachate [H g] ( i ::; initial, F = after fixation)

[Hg]F Judgement
---

1- [Hg]F < 0.004 mgfl complete success

2. [Hg]F > 0.004 mg/l
and--
[Hg]F < 0.50 [H g] i partial success

3. [H9]F > 0.004 mg/l
and--
~Hg] F > 0.50 [H g] i Go to Step B

B. EP Toxicity-mercury

< 0.25 [Hg]i

Judgement

partial success

2. 0.25 [Hg]i < [Hg]F i 0.50 [Hg]i discussions focusing on
results of laboratory
leachate analyses needed

3. [Hg]F > 0.50 [Hg]i

-9-
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PROPOSED

TAYLOR SITE INVESTIGATION

PHASE 1

HYDROGEOLOGICAL INVESTIGATIONS

1.0 OBJECTIVES

1.1 To determi ne the overall presence, extent and
concentration of mercury conta~ination within the soil
matrix of the Taylor Instrument Company ("Taylor") Ames
Street site.

1.2 To determine the overall presence, extent and
concentration of mercury contamination within the
groundwater at the Taylor site.

1.3 To assist geotechnically and to evaluate the
geotechnical merits of any proposed site remediation
alternative.

2.0 SCOPE OF WORK

2.1 General-

The general scope of geotechnical field work as proposed
by Tho msen Ass 0 cia t e s (" Thomsen ") \'1 asou t 1 i ned i n
Lozier Architects/Engineers ("Lozier") Engineering
Report dated March, 1982. Since that time, an
additional site inspection by Lozier and Thomsen
personnel has led to some adjustments in the originally
proposed hydrogeological program. Consequently, the
fie 1d pro 9 rain has bee n rev i sed ac cor din g1y •

2.2 Basic Site Conditions and Assumptions

2.2.1 Initial site investigations indicated
contamination to be confined to a narrow band of
hot spots along the northern portion of the
property between Building No. 40 and the rai1road
tracks. The originally proposed Phase 1
hydrogeological investigations were intended to
focus the ~ajority of the field work on that
area.
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2.2.2 The revised program is designed to address the
entire Taylor site. The intent is to spread the
sampling and monitoring program across most of
the site. During Phase 1 detailed investigation
will be limited to the material overlaying rock.

2.2.3 The technical assumptions underlying Phase I of
the field work are based on the limited
information to date. The following assumptions
will either be substantiated or refuted during
Phase 1.

a) An estimated depth to bedrock of 20 to 30
feet.

b) A possible perched groundwater condition on
top of dense glacial till.

2.3 General Phase 1 Description

Phase 1 consists of the following major elements (to be
discussed in detail later in this proposal):

a) Four (4) soil borings terminated above bedrock,
converted to monitoring wells.

b) 1 additional boring will be cored into bedrock and
converted to a sampling piezometer. This
penetration will only be advanced to that depth
required for the performance of the packer tests and
the installation of the piezometer.

c) Two (2) combined piezometerjlysimeter clusters

d) Nine (9) - 6 foot deep split-spoon sampled holes.

e) Two (2) - 3 to 4 foot deep backhoe trenches.

The Phase I field work will yield a total of eleven (11)
water sampling locations and sixteen (16) soil sampling
locations. in addition to the soil samples withdrawn
from the trenches (see Figure 1). Those portions of the
Phase I work which call for "continuous soil samp1ing"
shall be understood to mean soil samples drawn
approximately every two and one-half (2 1/2) feet.

There were an additional four (4) P.V.C. monitoring
wells and sixteen (16) split spoon soil sample holes
installed in the known contaminated area at the Taylor
site in the fall of 1981 (see Figures 2 and 3).
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2.4 Detailed Investigations -

2.4. 1

2.4.2

General - The general intent of the
hydrogeological portion of the field
investigation program of Phase 1 is to determine
the extent of any groundwater contamination by
mercury and to determine the rate and direction
of groundwater flow and correlative
concentrations of contaminant. This analysis
requi res establ i shment of both vertical and
horizontal groundwater gradients and the
associated soil permeabilities. Preliminary
investigations indicate that the most severe
vertical migration of contaminants appears to be
in the vicinity of boring positions 0-0 and
E-180, (see Figure 4). Thus, further
investigations into the potential for vertical
migration will be concentrated in that general
a rea.

Rock Surface Investigations -

a) One 6-inch diameter steel well casing will be
driven to rock and will be left permanently in
place at or near a location shown on the attached
site plan. After the casing has been cleaned
out, the rock will be cored only to that depth
necessary to determine the integrity and nature
of underlying bedrock. All possible preparations
and field care will be exercised t prevent any
penetration _ er., Upon
completion of coring, approximately three (3)
pressure-packer (permeability) tests will be
performed to determine the permeability of the
rock layer in comparison to the permeability of
the overlying glacial till deposits. A
porous-tube piezometer will then be placed in the
core hole and the casing above the piezometer
sealed off utilizing a bentonite slurry
throughout the entire backfilled section of the
casing. This will prevent any potential for
cross-contamination from the upper elevations
into the underlying bedrock.

b) It is intended that this monitor serve as the
only rock monitor during Phase 1, since
groundwater a ears to be erche or within
the glacial till. x enSlve lnvestigations of
bedrock groundwater quality would involve
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extensive and costly deep well
Only after completion of Phase
further rock investigations be
evaluated.

installations.
1 can the merit of
satisfactorily

2.4.3 Vertical Groundwater and Contaminant Movement-

a) The potential for the vertical groundwater
and contaminant migration will be evaluated by
the installation of a piezometer/lysimeter
cluster installed adjacent to existing monitor
E-180. First an initial continuously sampled
soi 1 bori ng wi 11 be advanced to bedrock. Then
the bottom one foot of the hole will be sealed
with bentonite. Next. a porous-tube piezometer
will be installed and packed with sand above the
base seal. The last step in the piezometer
installation is to seal above it with bentonite
(around 18 feet in depth). A second piezometer
will then be installed the same as the preceeding
at a depth of approximately 12 feet. The
remainder of the borehole will be sealed using
bentonite slurry methods and the piezometer
installation completed with a lockable protective
casing and cap.

b) Two unsampl ed auger boring hol es wi 11 then be
installed within a five foot radius of the
piezometer cluster. A pressure-suction lysimeter
w-ill be installed within each of these holes.
The depths of these pressure-suction lysimeters
will bed e term i ned by the pre vail i n9 g r 0 un dwate r
depth. Each of these will be packed and sealed
off within the vadose zone and completed in a
manner similar to the piezometer clusters.

c) The second piezometer!lysimeter cluster will
be located generally as shown on Figure 1. This
additional cluster. in conjunction with the
former cluster. will provide data on vertical
gradients in the area. The location of this
second cluster will be determined during field
operations.

d) These piezometer/lysimeter clusters. as well
as the rock piezometer installation. will provide
a basis for measuring changes in the vertical
hydraulic gradient as well as providing for
vertical water quality sampling points. Soil
samples obtained from the deep piezometer hole
may also be utilized for chemical analysis.
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2 . 4 . 4 H0 r -j z 0 ntal Gr 0 und \IJ ate ran d Con tam ina nt ~1 0 vemen t

a) Four 2-inch diameter PVC monitors will be
installed at various locations indicated on the
site plan. Due to the low permeability of the
glacial till, larger diameter monitors would make
accurate water level readings, sampling, and
purging difficult.

b) The location of these four (4) new monitoring
points, in conjunction with the existing four (4)
well s, ~,Ji 11 establ ish overall hori zontal
hydraulic gradients and general groundwater flow
vectors across the site. It is anticipated that
building foundation footings and utility trenches
may result in localized variations in the upper
groundwater flow patterns. Additional monitors
may be necessary during possible future phases.

c ) The f 0 ur (4) ne \'1 m0 nit 0 r s vri 11 be ins tal 1e d
by auger boring methods with continuous
spl:it-spoon sampling in order to provide for soil
analysis and general stratigraphic correlation
across the site. Selected soil samples \·lill also
be available for chemical analysis. Each
monitor It/ill consist of a sandpacked five-foot
slotted PVC screen, with the remainder of the
hole backfilled with bentonite slurry to prevent
cross-contamination. Each monitor will be
completed \lJith lockable protective pipe and cap-,
grouted in at the ground surface.

d) After the water level within the monitors has
stabilized, slug tests will be performed' within
each moni tor to establ i sh hori zontal
permeabilities within the zone of saturation.

2.4.5 Extent of Soil Contamination -

a) Broad Site Analysis - In addition to the soil
samples obtained from the monitoring wells and
piezol:leter/lysimeter cluster installations, nine
additional locations will be selected at the
Taylor site for soil sampling. These locations
will be sampled to approximately six (6) feet.
Due to the logistics of locating drilling
equipment between buildings, it is anticipated
that a tripod mounted driven spoon sampling
device (no augering) will be used. This is the
easiest method to obtain soil sampl~s for
chemical analyses. All samples obtained will be

-1\5-
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logged and retained. The sampling holes will
then be filled with bentonite slurry to prevent
cross-contamination. It is possible that a Phase
2 soil sampling grid may be necessary. depending
on the results of the analysis performed on the
soil from these sampling points.

b) Northern Site Analysis - The proposed method
for delineating the three-dimensional extent of
the soil contamination in this area is the
installation of shallow excavation trenches
across the north portion of the site. The
trenches will be logged by a geologist and
selected soil samples. in both the horizontal and
ve r tic alp 1 a nes \'1 ill be 0 bt a i ned for c hem i cal
analyses. All material excavated during
trenching will be immediately replaced in the
trench after the soil samples have been taken.

3.0 SAFETY PRECAUTIONS AND METHODOLOGY

3.1 Cross-Contamination

3.1.1 The design of the rock piezometer with the casing
left in place is intended to prevent
cross-contamination between shal low and deep
aquifer horizons

3.1.2 All other monitors. lys"imeters, piezometers and
bore holes will be backfilled \'iith a
bentonite/cement slurry to prevent future
cross-contamination.

3.1.3 All equipment shall be steam cleaned throughout
the course of the site work to prevent
cross-contamination.

3.2 Soil Sanple Contamination

3.2.1 Sampling devices and equ"ipment \'Ii 11 be cleaned
between each sample utilizing a steam cleaning
apparatus.

3 . 2• 2 All s 0 i 1 s a rl p1 e s \'i ill be p1ace din p1a s tic jar s •
All procedures for sample collection.
identification and storage shall be the same as
those used during the site work of Fall 1981.

3.2.3 All equipment will be steam cleaned before it is
used on the site and before it leaves the site.
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3.3 Personnel Safety

3.3.1 All field personnel \'/ill be provided with
protective clothing (boots, gloves, and
coveralls) and breathing masks as required. The
need for breathing masks will be determined after
air measurements are performed in the field using
Bacharach mercury test equipment supplied by
Taylor.

3.3.2 A technician will be assigned to the drill crew
to assist the driller and his assistant with the
drilling equipment, the preparation of the
monitoring instrumentation, the care and handling
of the safety equipment, the cleaning of the
field equipment and the acquisition of the
required samples.

3.3.3 All fi eld work wi 11 be under the full-time
direction of a geologist or geotechnical
engineer.

3.4 Procedures and Regulations

Applicable regulations of the Environmental Protection
Agency (E.P.A.) and the New York State Department of
Environmental Conservation (N.Y.S.D.LC.) shall be
followed. Specifically the following standards and
methods will be employed during the Phase I field work.

A. Piezometers, lysimeters and monitoring wells will be
installed in conformance to the EPA guidelines
contained in the "Procedures Manual for Groundwater
Monitoring at Solid Waste Disposal Sites", (E.P.A.
Manual SW-611 December 1980).

B. Laboratory analyses to determine the soil
characteristics of all soil samples will follow
A.S.T.M. methods 0421 and D422.

C. Soi 1 sampl es taken from all the augered hol es shall
be withdrawn using A.S.T.M. method 01586.

D. United States Bureau of Reclamation Procedures for
Packer Tests will be used for the pressure packer
tests mentioned under 2.4.2.
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Beyond this all methods and procedures proposed herein
are designed to

A. Provide optimum results while minimizing the risks
of cross-contamination, and

B. Provide the most up to date and accurate means of
acquiring geotechnically sound data.
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I. PURPOSE OF THE STUDY

The engineering and analytical program for site clean-up as

proposed by Lozier Architects/Engineers for Taylor Instrument Co.

includes an outline for chemical fixation of the mercury on site.

The basis of the theory involves sequestering (or fixing) the

mercury within the soil by chemical means. If this is successful,

there would be little or no available mercury that could go into

solution and migrate from the contaminated areas to the

groundwater. Any mercury not chemically fixed that might migrate

tot he g r 0 undvi ate r c0 u1d be colle c ted ina 1e ac hat e colle c t ion

system and treated if necessary before disposal.

The chemical fixation approach, as outlined by Lozier,

includes three (3) steps for Phase I. The first step involves a

visual inspection of the Taylor site. The second step includes

hydrogeological field tests and associated laboratory analyses.

The object of these tests is to characterize the soil and

groundwater. The third step of Phase I deals with bench testing

of representative soil samples to judge the applicability of the

proposed chemical fixation methodology.

This report outlines the bench scale study proposed to

determine the feasibility of mercury sequestration with iron

sulfide minerals.

-B1-
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II. INTRODUCTION

The bench scale study outlined in this report will determine

if iron pyrite (iron sulfide, FeS Z) can be used at the Taylor

Instrument Co. Ames St. facility ("Taylor") in Rochester, New

York, to sequester the mercury contaminating the soil at this site

and to prevent migration of the mercury to the groundwater.

Much of the analytical research which underl ies this

treatment method is supported by the work of Dr. William Fyfe,

Department of Geology at the University of Western Ontario in

Can a d a • Dr. Fy f e I spa per "r~ e r cur y Rem 0 val fro m \~ ate r by I I' 0 n

Su1 f ide r~ i nera 1 s • An E1 e c t ron Spe c t r 0 s copy for Chem i cal Ana1y sis

(ESCA) Study", is enclosed (see Appendix 1 of this report). Dr.

Fyfe1s work showed a 95% reduction in HgO and Hg+ 2 in solution

through the use of iron sulfide.

The laboratory testing will be composed of a number of

separate investigations.

1) Contaminated and uncontaminated soil samples obtained

from Taylor will be tested to determine the different forms of

mercury present in the soil matrix and their respective

quantities.

2) A mixing technique employing the chemistry of fixation

will be set up and tested as shown in Figure 1. Once the iron

pyrite has been mixed with the soil samples, the mixture will be

transferred to test columns (see Figure 2).

3) Next, to duplicate the effect of low pH rain on the

soil/pyrite mixtures the test columns will be subjected to pH

adjusted deionized water. The resulting leachate will be tested

for mercury content.

4) The possibility of sequestering mercury through the

formation of iron pyrite within the soil matrix utilizing a spray

technique will also be tested. Contaminated and uncontaminated

-B2-
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s 0 i 1 sam p1e s 'vi ill be p1ace d -j n t est col umns ass h0 \'1 n i n Fig ur e 2.

The test columns will be subjected to solutions of ferrous

chloride (FeC1 2 ) and sodium bisulfite (NaHS0 3 ). These solutions

will be prepared using potable water from Taylor.

5) The leachate generated from spraying the test columns

with pH adjusted deionized water will be analyzed for mercury

content.

Detailed discussions on the preceeding is found in Sections

III and IV of this report.

-B3-



-
- TAYLOR INSTRUMENT CO.

BENCH SCALE STUDY
JUNE 14, 1982
Page -4-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

III. BENCH SCALE STUDY - PRELIMINARY ANALYSIS

A) Contaminated soil from each hot spot (to date three (3) have

been identified) will be sampled at various depths and composited.

Each of the composite samples would be split into two (2)

portions; one portion would be analyzed for total mercury (2),
organic mercury (3), and EP Toxicity _ mercury (4) These

analyses wi 11 establ ish base data poi nts. The di fference in

mercury concentration between the total mercury and the organic

mercury analyses will indicate the concentration of mercury that

is inorganic. The composited soil from the most contaminated hot

spot wi 11 be sel ected for all further mixing procedures and test

column use. If the iron sulfide mixing method is successful for

the most contaminated soil, it should be applicable to lower

levels of contamination.

B) Groundwater Analysis - The groundwater will be characterized

with respect to organic and inorganic constituents to determine

the quality of the groundwater prior to any treatment processes.

These analyses will include: pH, cadmium, cyanide, nitrate (as

N), chloride,iron, hexavalent chromium, nickel ~ sulfate, copper,
, ~J

mer cury, z inc, t ric hlor 0 e thy 1en e, and met hy 1 c h lorof 0 r m• I uiu C
.~- .-/ ..

C) Soil Analysis - Those parameters for which the results of the

groundwater analyses were positive will also be tested for during

the analysis of the soil samples. In addition redox potential and

percolation tests will be performed.

-B4-
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IV. BENCH SCALE STUDY - METHODOLOGY 1 (MIXING TECHNIQUE)

A. One half of the second portion of the split contaminated soil

samples (see section III-A above) will be physically mixed with

various amounts of iron sul fide. The amounts of iron sulfide used

wi 1 1 ran ge fro m 1% to 10% (wei ght / \>J e i ght bas is) i nth e so i l.

These percentages were suggested by the author of the reference

paper contained in Appendix 1 of this report.

The iron sulfide/soil mixtures will be hand mixed in beakers

in the laborator'y. The end result of this preparation will be the

array of samples as shown in Figure 1. This physical mixing

procedure will parallel a possible on-site excavation and mixing

of the soil and iron sulfide.

Co nt r 0 1 Mix #1 VI"j 1 1 be a method b1 an k , and ~~i 11 i nd i c ate t he

effect of the mixing on the resultant leachate mercury levels

without the addition of iron sulfide.

Test Mixes #1 through #4 will have varied amounts of iron

sulfide mixed ~~ith 100 g soil aliquots. The addition will result

in mixtures "'lith 1, 2, 5, and 10 percent of iron sulfide (by

weight) in the soil.

Con t r 0 1 r1 i x #2 will be uti 1 i zed t 0 i nd i cat e w11 a t ma x i mum pH

and iron concentration changes may be expected in the groundwater

from the application of the iron sulfide with contaminated soil.

Research indicates that there is a possibility that acidic

conditions may be generated by the oxidation of S2 to S04 and,

subsequently, to H2S0 4 , This reaction may decrease the

groundwater pH(5). Also, the iron concentrations will serve as an

indicator as to whether or not the treatment might cause the State

Groundwater effluent standards for iron to be exceeded in

-
-
-

groundwaters of the surrounding area.

-B5-
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be a potential problem, the appl ication of CaC0 3 (lime) on the

surface of the site (allowing rain water to carry this

neutralizing agent down through the soil) will be considered.

B) Six (6 ) test col umns ( see Fi g uI' e 2 ) wi 11 then be constructed

using the contents of the beakers in Figure 1. To each test

column will be added pH adjusted deionized water with a pH similar

to that of the rainwater in the Rochester area. The application

rate will be at the perk rate determined for this soil in vivo.

The addition of the artificial rainwater will cause a leachate to

be generated within each test column. This leachate ("1 eac hate

#1") will be collected as it flows from the base of the columns.

Each sample of 1eachate #1 wi 11 be tested for total mercury and

organic mercury. After a sufficient volume of leachate has been

generated, the test col umn contents wi 11 be anal yzed for EP

Toxicity-mercury.

The reduction of total and organic mercury in the treated

soil leachate versus the untreated soil leachate will indicate to

what extent the iron sulfide has reacted with the mercury in the

soil. This leachate will represent the liquid that, after iron
......." "-

sul fi de treatment, caul d reach the groundwater on si teo The EP '\ \

Toxicity test procedures are being conducted only in that they are ) I
I

more rigorous than the elements which nature would normally

present. Since HgS 2 is basically water insoluble, it should not

be extracted by the EP Toxicity test methodology, and thus the EP

Toxicity-mercury data on the reacted test mixtures (as compared to

the un reacted control mixture) v/ill indicate whether the mercury

has been sequestered.

-B6-
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C) An iron sulfide curtain could be installed in a trench

excavated in the direction of groundwater flow to capture any

transported mercury already in the groundwater or which may go

into solution in the future. A bench test to simulate this

condition will be developed by passing leachate #1 (see Figure 2)

through an iron sulfide column.

If DEC approves this concept, then all six (6) samples of

1e ac hat e #1 (f rom e ac h 0 f the six (6) t est col umns) wi 11 be pas sed
through another series of test columns containing coarse iron

sulfide (See Figure 2). The effluent from this column would

represent the actual discharge to a final collection system or to

the ambient groundwater if the iron sul fide curtain were

installed. Total mercury and organic mercury analysis of this

final treated leachate ("leachate #2") will be performed.

-B7-
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v. BENCH SCALE METHODOLOGY 2 (SPRAYING TECHNIQUE)

A) An alternate proposal for creating the reaction of iron

sulfide with mercury is novi being studied. This approach would

simplify the on-site work, lessen the exposure of remedial workers

to mercury and lessen the expense of the remedial process.

Under this potential treatment scheme, the entire

contaminated area would be sprayed with a ferrous chloride (FeC1 2 )

so"1 ution until the vadose zone is saturated. A second spraying of

a sodium-bisulfite (NaHS0 3 ) solution would then be done, which

would also saturate the vadose zone.

In theory, this two-staged spraying would create a reaction

of ferrous chloride and sodiu~-bisulfite to form iron sulfide

within the soil matrices. The chemical reaction would be:

- FeC1 2 + + various salts + water

The iron sulfide generated would then be available to react- with any available mercury present to create mercuric sulfide.

The chemical reaction would be:-
-

+ HgS (insoluble)

-
-
-
-
-

A bench scale test to study this will be set up by putting

the remainder of the second portion of the most contaminated soil

in a test column and by spraying the column with ferrous chloride

solution follo\'/ed by sodium-bisulfite solution. Various molar

-B8-



-
- TAYLOR INSTRUMENT CO.

BENCH SCALE STUDY
JUNE 14, 1982
Page -9-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

concentrations of each chemical would be applied to determine the

best usage concentrations. The leachate generated by the test

columns would be tested for total mercury, organic mercury, and

iron as outlined in Sections III and IV, above.

If this approach indicates that the technique is successful

in sequestering the mercury, the test column leachate #1 could

also be passed through a series of test columns of coarse iron

sulfide to simulate leachate passing through an iron sulfide

curtain.

See Figure 3 for the proposed test column set up.

-B9-
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VI. QUALITY CONTROL

A) _System Control:

The control mixtures for methodology 1 (mixing technique) and

the control test columns for methodology 2 (spraying techniques)

will be utilized as control blanks and method blanks.

B) Analytical Equipment:

The atomic absorption spectrophotomer used for the total

mercury analysis will be a Perkin-Elmer 460 with a Perkin-Elmer

mercury analyzer kit (cold vapor technique). The organic mercury

Analysis will utilize a Perkin-Elmer Sigma One gas chromatograph

with a flame ionization detector in concert with a Perkin-Elmer

S i gm a 10 Da t a Stat i on • Cal i bra t i on of bot h ins t rum en t s will be

separately documented and will consist of a 3-5 point calibration

curve. The calibration will be performed each day of the

analysi s.

C) Precision and Accuracy Data:

All leachate samples will be analyzed in duplicate.

Thirty-three percent (one out of every three) of all leachate

samples will be spiked with known mercury concentrations and

recovery data generated for both total mercury and organic

mercury.

All EP Toxicity analyses will be performed in triplicate due

to the heterogeneous nature of the soil samples.

D) Report:

All Qual ity Control data wi 11 be reported.

-BI0-
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VI. RESULTS AND DISCUSSION

The initial characterization of the soil for organic and

"inorganic mercury will be the first evaluation point. Originally

the source of contamination was elemental mercury, and it is

believed that a great majority of the total mercury now present in

the soil is inorganic Hg O or Hg+ 2 If this is not the case and a

large portion of the mercury exists as organic mercury then the

phase I bench studies may have to be revised.

The second evaluation point will consist of a review of the

mixing procedures and the spraying techniques. Either or both of

these treatment methods may indicate approximate amounts of

treatment chemical (s) that can be applied on-site for the

successful sequestration of mercury.

The ultimate success or failure of the bench scale tests will

be judged in accordance with the judgement criteria proposed in

the main body of this Phase I report, as modified (if necessary)

in accordance with DEC comments. Any such modification of these

criterion must be made prior to the beginning of actual bench

scale testing.

-811-
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FIGURE 1 - METHODOLOGY 1

TEST MIXING PROCEDURE FOR THE MOST CONTAMINATED SOIL

-
-
-
-
-

CM 1 TM 1 TM 2 TM 3 TH 4

-
---~

---
CM 2

-
CH 1 Control mix 1 : 100 g soil-contaminated, no iron sulfide

- TM 1 - Test mix 1 : 100 g soil-contaminated, 1 g iron sulfide

TM 2 - Test mix 2 : 100 g soil-contaminated, 2 a iron sulfide0

- TM 3 - Test mix 3 : 100 g soil-contaminated, 5 g iron sulfide

TH 4 - Test mix 4 : 100 g soil-contaminated, 10 g iron sulfide-
CH 2 - Control mix 2 : 100 g soil-uncontaminated, 5 g iron sulfide

-
-
-
-
-
-
-

Test Conditions:

Hixing Time - 30 minutes
Temperature - ambient
Equipment - six paddle stirrers
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FIGURE 2 - METHOOOLCGY 1

TES'I' COLU,jN SET-UP FOR LFACHl\'I'E GThTERATION

I

I

(1.12

~

I

'll1 4

I

I
'IN 3

glass
wool
plug

I

I

rIB 2

I

'IMl

!D. I. '~TER I

I

a11St>J..1PLE -

-
-
-

-
-
- DCollected

leachate 1

-
-
-
-

coarse
iron
sulfide

-
-

DCollected
leachate 2

-
-

Test Conditions:

Column - glass
Size - To be determined
Temperature - ambient

-
-
-
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FIGURE 3 - MErHOOO:L(X;Y 2 (Spraying Technique)

TEST COLlJI''lN SET-UP FOR LEAOffiTE GThlERl\TI001

,. -

I

CC2
IFeeL3 (3)

tNaHS03 (3)

I

TC4
IFeCL

3
(4)

1NaHS0
3

(4)

TC3

jFeCI'3 (3)

NclHS0
3

(3)

I

TC2

IFeeL3 (2)

NaHS0
3

(2)

I

'leI
T a y 1 a yo 'j FeCI'3 (1)

Hat e r NaHSO (l)
3

I

-:-"...-

CCI

j

:! .:,.. :.( Con-

U~3/=.
.:~: ~ .....
. 'd;.. , Glass

W::x:>l

SPJ1PLE -

-

-

-

-

-

- D COllected
Leachate (l)

-
-
-

Coarse
Ironsulfide

-
-
-

O Collected
lPachate (2)

SJ'lMPLE IDENTIFICATION:

eel "f control colUITU1 1: 100 g - contarnin. soil, no FeeL3 or NaHS03' instead D.1. \\Tater'

TCI - test colUITU1 1: 100 g - contamin. soil, FeeL
3

(1) and NaHS0
3

(1), (1) = O. 01 M

'IC2 - test colUITU1 2: 100 g - contarnin. soil, FeCL
3

(2) and NaHS0
3

(2) , (2) == 0.02 M

'IC3 - test colUITU1 3: 100 g - contamin. soil, FeeL
3

(3) and NaHS0
3

(3), (3) = 0.05 M

'IC4 - test coll.ID1I1 4: 100 g - contamin. soil, FeCL
3

(4) and NaHS0
3

(4), (4) = 0.10 H

ee2 - control colUITU1 2: 100 g - uncontamin. soil, FeeL
3

(3) and NaHS0
3

(3) , (3) = 0.05 M

-
-
-
- TEST CONDITIONS: Column - Glass, Temperature - Ambient

-
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D(Jrntar Ltd., Sen;18ville. Que!:J2c, Canad<l

::J lJsin~ ESCA (electron spectroscopy for chemical <malyo;is)
and atomic absorption spcctruSWpy::'3 analytical kchniljut:;;,
We show that niLturally occurrin::: sulfides a~'e excellent ad­
sorb;'rs for aqueous solutions ofHg2+ and Ega. The Hg con­
cell t.r<ltion in chlor-alkali effluent c:lrl be decreased clram::lti­
{"<lIly to le:;s than 100 ppt.

l'vlercury pollution of n3.tural waters· by m:1.l1'S aetivitie:;
(1-3) ha5 created severe probl«rns in mimy cuuntrie~of the
worlel. It has been estimat"d that tb land-derived flux of
mercury to the ocean:; is four times the preman 'level (4). In
<ldc!ition, an increased use of coal and geothermal steam for
electrical generation witl, witlwut further abatement mea­
sures, increase m2rcllry (and other heavy rneb!) contamina­
tion (If the atmosphere <ind hydrosphere. Of particular recent
ecojogical concern h35 been the mercury pollution from in­
d1l3trial plants .:lOd their ass()cia~eddulOp sites (2).

Although mercury losses from these plClnts kwe been re­
dllc.]e! greatly ip. th~ la:;!: decade. (5,6), ecollolTlic:11.:md efficient
method,; must be devisee! to decrease fllrthu losses to the.
envir<Jll!llent. Becans!': the solid·solution adsorption reaction
is known to control many hea\'y ion concelltratiolls ill the
enviromncmt, we looked for a curamon econ()mie~11 mineral to
adsorb Hg from such industrial waste. Pyrrhotite (FeS) <mel
pyrite (FeS;!) ores seewed ideal camlidCltes for <l number of
reasons. l\'lercuric j(J:Js h.we a large affini ty ft,r sulfi de, as ev­
i(letlcc(! by the solubility pruuuct for H~S <lOcI" IJreliminClry
aclSOlptioIlstudy on heated pyrite (7). Irol~ sulfide;; are com­
mon and economicalmillerJ15 lo mine throughout the world
and are usually quite accessible in Jocalit.ies where mercury
COIl tarnination is clomimmt. For examvle. most massiv~su!:ide
minioz operations (Ph, Zn, Cu) separate and discard huge
amounts (thousand~>of tons) of iron sulildes yearly. Iron suI.
fde anel its oxidation products shOl:ld pose littl?- pollution
threat if dumped into cont:J.minat.ed wi\terways. If rn",rcury
exchanges for surface IClttices sites. the displaced iron anJ/or
sulfur is precipitated by natuml proces:;E:S.

Three separate sets of adsorption exp~rirnel1tshave been
carried out. In the first two exp~riment:;,0.1 to 1.0 g 0: pow­
dered «~OO mesh) pure Sudbury pyrrhotite or pyri t~ was
stirred in deionized distilied water in polypropylene ()r boro­
silicate heakers for approximately 2 h to obtain equilibrium.
The pH was adjmteel tn b"tween ,t p,nc\ 9. Solutions of H~;C\2
were add~~d to the stirred FeS to giw initia.l H~ concentratiol1s
between 1 :Inc! 200 ppm in a first study and 20 and 100 pph in .
a second study. In the secoed study, large concent.rations of
CI- were added to simulate chlor·alkali waste. At selected
times, lO-rnL nliquots were removed and centrifuged to re-

. move any iron sulfide powder. The samples were then ana­
lyzed for mercury by cold vapor chemical (8) or graphite fllr- .'
nace fJam~lessatomic absorption methods (9).

To show the great. utility of the ESCA technique for
studying metal sorption on solids cirectly, ai"1d to stl:dy furthe:c
the effed of chloride ion concentr3tion, a third set of expen·
ments was performed. High grade pyrrhotite and pyrite ores
were cut into small pieces with a I-em'.! surf... r;e aile! then
grouncl and poli5hed. Each sulfid~ plate wa:; washed thor-
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oughly in ~!c2tO!le and deionized d!stilled water and air-dried
prior to ESC.\ (X PS) a:1alysis for surb~e trace impurities of
silica (SiOJ, mercury, chlorine, etc. A review of thh ESCA
techniqui: h:" been previously published (10--12). Th~ theory
of ESCA and its r~centapplica.tions in surface anatY5i5 have
been critically reviewed by Hercules (1J-15). These plate5
were then placed in 500 mL of variou5 concentration.:> of
mercuric chloride or elemental mercury (HtJ) at pH 4-7. After
a specific tima in solution, each plate w?;; carefully removed
from its reaction solution and dipped five times in fresh
deionized water to rer'-lOve unaclsorbad, adhering Hg i.o~s (lo.

16). Each plate was then air-dried apd analyzeD using the
ESC:\. technique for the fonowing elements: Hg CI S Fe C
and O. .. ' " , •

The data for the muc~ric ion upbko::: in t~e first exp~ri:r:ent .
are summ:uized in Figure 1. The data indicate an adsorption
prOCE:SS, as the mercury fo,;s from solution is projJortioilal to
the wei~;htof pow(lered FeS and the initial mercury ion con­
centration. The Langmuir adsorption expression (17) was'
used to determine the maXirnl!m adsorption capacity (Xrn ,

3.5~) X 10-2 mol of Hg/mol of Fc~) and the adsorption con­
!;b.ltt (li, 6.0j X 10 1) for the FeS powder. The equilibrium re­
wlts'fit well to the L:mgmuir adsorption eqll:ltion anel ad •.
sorption isotherm. The good linear fit ·to the Langmuir
equation indic:ttes a sorption process proportio;lal to 50!bent
surL1CC mea and so!b:lte concen tmtion at con"tant pH.

Table I summariZE:, the Hg uptJke at much Jower Hg Con­
t(;lIts for both Hg~ ~ and IIgl) \vith FeS ;lnd FeS-2. These resultS
,\i'e Ilotable fur hm rC<J30ns. Firstly, wit.h the exception ofH~
(lll FeS, over 950/0 of the Hg is removed from so1ution in all

. cast'S. Secondly, the 2dsorption is not clecrea:;ed by the chlo-­
rjdt~ ion concentration. This result contrnsts with previous
shldies invoJvi~g the removal of mercury from sulution· bv
ot.her I:laterials where increasingly greater C!:- content r;­
duced the mercury ausorption from solution (18).

The ESC:\ results using both pyrrhotite and pyrite plates,
at a solution pH of~4 (HgClzO species domi..YJant) and varicbIe
sodium ch1(lrid~ content (0, 100, 1000 ppm), are shown in
Tables II aad IIf. These re:;ults show that for each initial
mercuric ion COl1cwtration and constant time of reaction, the'
sorption r3te of mercury incre(!s~d with increasin;; cn10ride
conce01tratioll, especially at low initial HI; concentrations.
l\'lercury sorption rates on iron sulfide minerals thus do not
foliow a simp~e cation hydrolysis relationship as P~C\'iOU51y

sU6"f:ested for oxide.:; (19). The highest Hg intensities Corre•.
spoml to near n~onolayercoverage. In the ESCi\ studies, little­
chloride and no sodium ions were detectabl~,althou~h'the
initial solution concentration of NaCl was as Iar"'e as 1000
ppm. This indica tes that the mercury sorption is highly spe­
cific.

A sulfide pbte studied at. pH --:7 (Table II) produced a
m1.Ach lower sorption ratewith respe'd totheresultsatpH-4.
This again indicates the pH influence upon sorption rates (see
also Table fl. It was also found that pyrrhotite sorb~ much
brge~"5.~ht.5of ~ercury ions than·0r.;it;:-~i;i~q~iiva.
re-r.TinitiJll;er:cury:sodium, a;:;crchlorid;i;;~ntrations.
Thus, surface lattice sites and solubility cliffe.ences are im-
p\Jrtant sorptiun reaction parameters. .
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I ;\')1;:: I. KCSUilS or hg~' amI HgV Adsorption by 1-8 lron ~OTrme l'llTri2r<lis

-
'-
-
-
-
-

I,. 11:)"+-FeS

n. Hgo-FeS .

-FeSz

C. chior-a:kal; plant waste-FeS

CAl b

(He] ICI] IH91 % HJ
Inili:-.l. Inilial, finol. rc~\Jr;l;ot)

pH ppb p~m ppb In solulion

4A 20 0 0.14- 99.3
6,5 20 0 0.35 . 98.3
9.8 20 0 1.00 95.0
4.6 20 100 0.12 99.4
7.0 20 100 0.40 98.0
9.7 20 100 0.45 97.8
4.4 100 0 0.57 99.4-
6.5 100 0 1.5 98.5
9.5 100 0 4.30 95.7
4.6 100 100 .0.60 99.4
6.7 100 100 1.3 98.4-

4.5 30 0 5.1 83.0
4.5 30 0 0.10 99.7

5.5 2000 . >1000 60 97.0
·4.4 c 2000 >1000 40 98.0

6.2 5 <100 0.10 90.0
4.4 c 5 <100 0.05 99.0

'-
i-

" 100 rnL of solUtion shake.. for 1 h, arid then allow~ to s~tHe 1 h before analysis of the supernatant. b Non~reated chlcr-alkall processing water. c'pH adjusted
lIy c!ropwise ac!dilion 01-1 M He\. d Treated chlor·"I;'a!; p:oc",ssir.g waler. -. . . .

i;lbie II: ESC/-\ Study of Mercury Adsorp:ion on Iron Sulfides; Variation with Chloride Concenfration

I
1

" -
-

I
- -

I

I
I

'G'_
1,
I

'-

Inil t1g conen. ppm" .

1\. Hg2+ reactlons

0.02

0.10

1.0

0.02
0.10

fl. HgO-HzO equilibrium r'~action5

0.03

Hy 41 p"..,< .",,,.
react. Inlensity (X 104 ) d at

mf"el"i"" sdlu\ion time. inll chlorl(~., cone". ppm
type b pH mIne 0 100 10011

FeS 4 1440 3.6 '29,4 38-.7
FeS 4 5 0.42 0.47
FeS - 4 .60 :---_______ 0.82 2.12 7.30
feS 4 144..0_______~Q.~- 56.9 69.5
FeS 7 1440 2.3 6.0 2.3
FeS 4 60 53.0 43.8 38.2
FeS 4 1440 40.6 40.6 -52.4
FeSz 4 1440 1.0 .7.4 9.4
FeS] 4 1440 14.00 10.0

reS 5.7 28'80 2.54-

FeS] 5.7 5760 18.6

FeS] 5.7 5760 16.0

reS 2880 31.3

FeS] 5760 32.8

I

i,-
• 500 lOlL of Hg sOlut:on use<!. b Cut pyrrholite or "yrite ore. C Mineral pl~fes d;pped live times in fresh water to remove Hg solution. dpeak "rea intensity.lor

~O ~cans 01 Hg 41.

1-

i
!,-

'T
i,­
I

Se~eral pyrrhotite and pyrite plates reacted in elemental
mercury (HgO) and in elemental mercury in wllter (Table II)
Were also studied by ESCA for sorption rates; pyrite appears
to be a superior adsorber for H~. An earlier study orHgo
~01Ubilityin water at 22 °C indicated an equilibrium mercury
content of .....25 ppb (20). It is apparent that iron sulfide min­
erals concentrate mercury ions and atoms from extremely
dilute mercury solutions, efficiently and specificaily.

Process water samples (CA 1 and CA2) we;'e collected at a
large chlor-alkali plant in Canada, and Hg adsorptioh was
studied u~ng both iron sulfide p.owder and plates. The ad-

sorption results (Tables IC and III) are consistent with those
using our prepared mercury solutions. The ESCA results
(Table Ill) indicate that.a significant amount of mercury in
the 500.m~5-pph solution is removed, and the powder results
(Table IC) show that this Hg content is reduced to :SO.lppb.
The ESCA results again indicate that the sorption rate in­
creases with decreasing pH.

- Some recent studies on mercury in fish in Quebec indicate
that the natural existence of sulfide minerals, such as pyrite
and pyrrhotite, moy be a factor in reducing the availahility of
mercury to bioL1 in otherwise sensitive areas. In contras~ to
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Sb.. dtl:'?,'t. ihP.:;'l[tii5 Ct.dlt.'2LitldLtOlis .. I his !;uppnsf~~f a1H"n~['y

can L,:: expl;i:neu by the pre;;~lIce of relati'vely high C().!lcc:n.
trat:0r::; of su!:-ide mineraL in the regions with the IJiy.b,:;t
sedim,::nt 11lf:~Cury CO;lCcnl.ratio1l5.

Our fbUll.:; of n'efcury adsorptioll Oll iron sulfides irJ(.J:c~te

the p(Jt~ntid u,e in eliminating both fl12rcuric ion::; ~nd (:I~_

menL',! mercury atoms fn,m polluted nat.ural waters. indus­
trial·....?:;te. and prace"s waters. The oU3erved residual ~Ol11ti(':1

vah:,::" COllljFire tn Ie\,el5 i:1 ocean water (~5 ppt) anu rain (~l

ppt) (22). A more c.daileu investization involving the rno"t
efficient de,i~i1 of a pilot plant nnd related chemi~al param­
eters to be:;t use iron sulfide ore is in progress.
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accepted theory. the mercury concentration in fish (21) was
lowest in regions unaffected by point sources with the highest

<>
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" As per Tabl~ II. bAs p"r T.,ble II. C As p~r Table II. d As per Table II. d pH .
cdjusl;,(J by cJrcpwise';,dd;tiorl 01 1 MHe!.
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JQ r;l~J
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TClbie 111. ESCA Study of r,lercury Sorplion by Iron
Sulfides from Chlor-Alkali Processing Walers
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Figure 1. Mercuric ion adsorption on powd~red FeS in 500 ml of so­
lu:ion. The tima oJ reaction in each case is 30 miry .
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