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Taylor Instrument Conpany ("Taylor"), a division of Sybron

Corporation, has a manufacturing facility which is located at 95

Ames Street in Rochester, New York. At this facility Taylor

manufactures various instrumentation items and systems. During

1981 Taylor discovered that a portion of the grounds at the Ames

Street facility had been contaminated with elenental (or

metallic) mercury. The contaminated area is shaded in yellow on

Figure 1. This area was apparently contaminated as a result of a

mercury reclamation operation which was used by Taylor at the Ames

Street site until approximately 1965. The exact circumstances by

which the nercury was pl~ced in the soil have not been

established. Although some of the site surface area has traces 6f

broken thermometer glass and miscellaneous instrumentation

hardware, three (3) areas of the site exhibit heavy accumulations

o f b r 0 ken the r mom et e r' 91ass (" hot s pot s " ) • L0 z i e r, Inc. and its

subsidiary, Loziel'/Cilmo Laboratories ("Lozier") ItJere subsequently

hired by Taylor to investigate the nature and extent of the soil

contamination. On January 11, 1982, an Engineering and Analytical

Report on Hercury Cont.amination ("January 1982 Report") at the

Taylor site was submitted to United States Environmental

Protection Agency ("E.P.A.") and to the NeVI York· State Department

of Environrlcntal Conservation ("N.Y.S.D.E.C."). Section III of

the January 1982 Report summarized the data which had been

collected and included the following statements:

-
-
-

2. Generally speaking, mercury concentrations in the soil are

higher toward Building 40 and within the first three feet of

-1-
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3.

4 .

5 •

6 .

overburden. Based on an analysis of the driller's log the

majority of the area appears to have been filled with an

ash/cinder mixture to varying depths. The present data also

indicates higher mercury concentrations in those portions of

the site where [heavy accumulations of] glass shard deposits

vi ere not e d •

There is a general decrease in mercury concentrations

laterally outward from the presently presumed center (0-0 0
)

of the conta~ination and vertically downward within the soil

profile, except as noted in number 4 below.

Field operations within the project area have revealed other

areas of broken glassware on the ground and thus possibly

high mercury concentrations. This relationship is based on

the findings to date at [two sampled positions] where areas

of high [surface] glass concentration have also been high in

elelnenta"j mercury [conct~ntration in the soilJ.

The. breadth and depth of the mercury contamination problem at

the Taylor Instrument site has not yet been analytically

defined. However, information to date indicates that:

a. There is mercury contamination in both the soil and

water, and

b. The EP Toxicity test results indicate that at least

some of the in place soil and mercury material can be

considered a hazardous waste, if it is ever removed

from the site.

Tests for pH were run at the Lozier/Camo Laboratory on four

(4) separate soil samples. These test results indicated a

-3-
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pI! ranoing from 6.8 a .2.

7. Analytical data does not indicate l-:lercury in the

groundwater in excess of the State groundwater limits any

great distance from the two presently known high mercury

concentration positions, i.e., water samples withdrawn from

positions C-135° and D-O° were not in excess of the State

standard.

It appears that the worst concentrations of mercury in the

soil are above the groundwater table. However, conclusive

information on the seasonal fluctuations in the groundwater

table is not available, and this could have an impact on

any mercury migration.

Groundwater data is still insufficient to conclusively

determine the flow direction, depth and condition of the

9 r 0 U nd vi ate r • I n add i t ion, the I~ e i s n0 fir m da t i'l i nd i cat i ng

whether or not the groundwater is part of a moving aquifer

o r i s per c h e ct g rOll n d VI ate r' •

It is probable, in the opinion of the testing laboratory,

that the mercury present on the site consists of three

forms:

a. metallic mer'cury

b. inorganic divalent mercury

c. methyl or phenyl mer'cury

(January 1982 Report at pages 9-11.)

On January 22, 1982 Frank Shattuck, P.E. (Regional Solid Waste

Engineer) of N.Y.S.D.E.C. requested (by telephone) that Taylor



-
- pro y i cJ eN. Y. S. D. [ . C. wit hap I' 0 po sal for an eng i nee r i n9 sol uti a n

researched feasible procedures for dealing with mercury

contamination of both the soil and aqueous media. Because the

contamination in the groundwater is merely a symptom of the high

concentration of mercury in the surrounding soil matrix, methods

-
-
-

dealing \~ith the mercury at the Taylor site. Lozier has

-
for dealing with mercury contamination of the soil were pursued.

This proposal, for treatment of the hot spots through chemical

sub rn itt ed-iQ N. Y. S• D• E• C• i n res p0 0 set 0 t'l r. Shat t uc k I S r e que st.-
-
-
-
-
-
-
-
-
-
-
-

f~~i~x~a~t~iuo~o~a~o~(Lj~juo~s~t~aLl~l~a~t~j~o~o~~e~~hat~ cQllection system, is -----_.

- -5-



•

•

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

ALTERNATIVE ENGINEERING SOLUTIONS



-
- Three (3) different remedial approaches v/ere initially identified

as possibly being feasible at the Taylor site. Those three (3)

- met hod s are a s f 0 1 01 0 VI S :

-
-
-

A.

B.

C.

On-Site (hemical Fixation of the Mercury

On-Site Encapsulation of the Mercury

Excavation and Disposal of the Contaminated Soil Material in

a Secure Landfill.

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

o~~_~<?.~~_:_Q_~- Sit e~~~i c a0_!~? t ion C) f the t~ e r cur y

Because of the complex chemistry which is often involved and

because of the scarcity of empirical data from past treatment

efforts with contaminated soils, this alternative has generally

been approached with caution. Site specific bench-scale tests

would have to be performed before anyon-site treatment measures

were attempted. If, however, a chemical fixation method could be

identified which would permanently fix in-place the contaminating

material, then the potential environmental hazard would be

eliminated. Because of the relatively untried nature of this

alternative, collection, analysis and possible treatment of any

leachate might be required. Based upon the above considerations,

it was decided to investigate whether a potential treatment

technology existed.

The basis for Lozier's research into this option is based on the

article presented in Appendix "A". The basic chemical principles

employed by this treatment option are outlined in Appendix "B",

and a detailed description of the methodology is contained in

-6-
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Appendix "C".

~~:L~~. 2: 0 n- Si t ~_~~~~~ Ps u1a t ion 0 f t.he ~'1 ere ur t

A detailed discussion of this method is presented in Appendix "0".

The logistics of on-site encapsulation present many drawbacks.

First of all, the physical characteristics of the site and the

anticipated required depths for the work suggest the need to

protect the adjacent structures. Second, with the railroad to the

north, usable access to the site is possible from only two

directions. Third, due to the existing surface elevations and the

estahlished perimeter characteristics of the area to make room for

the containr;lentlayers, i.e., clay and liner, a substantial amount

of contaminated material would still have to be excavated and

dis po sed 0 fat a sec u r (~l and f ill. 1ft his ex c e S5 mat e ria 1 we r e

not removed from the site, additional work would be required in

order to avoid surface drainage problems. Additionally, any

on-site encapsulation operation would render this site unusable

for any future development other than perhaps as a parking lot.

This option is essentially a long term storage approach rather

than a treatment alternative, and hence the risk continues of

environmental contravention in the future. While Taylor would

probably be able to retain long term control over the storage

area, placement, monitoring, and maintenance of the impervious

material which would surround the contaminated material would be

difficult. Furthermore, there is no guarantee that Taylor or a

fiscally responsible successor in interest will exist for as long

-7-
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as maintenance will be required. Experience with the

encapsulation method employed at other hazardous material/waste

areas is of limited duration and therefore of limited value in

selecting r1 perman2nt solution.

f\ detailed discussion of this method is presented in Appendix "E".

While complete (or partial) excavation and removal of the

contaminated material should eliminate from the site the risk of

future envi ronmental damage, the succes s of this al tE~rnati ve is

dependent on th~ hazardous material/waste transporters used and on

the owners and operators of the storage facility (assumed to be a

secure landfill) which ultimately receives the excavated material.

The risk of E~nviionrnental damage is not eliminated but rather it

is transferred to another site. The perpetual monitoring and

maintenance of the buried contaminated material, however, should

be performed by experienced hazardous material/waste handling

personnel. Since nothing is done to treat the contaminated

material, this solution must be viewed as a placing of the

material into storage where it would be controlled for as long a

t-ime as the landfill remains secure (albeit a "final" storage

situation is generally assumed). There also are no guarantees

that the present regulatory standards and enforcement measures

will remain as stringent in the future.

-8-
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As indicated in the January 1982 Report, while the breadth and

depth to which mercury has migrated through the soil at the Taylor

site has not been analytically defined, the highest soil r:tercury

concentrations were found in the first three feet of ov~rburden

and at the locations where heavy accumulations of broken

thermometer shards were found on the ground su"rface.

After reviewing the data contained in the January 1982 Report, and

upon ~aking the presumption that leachate collection would

probably be required for some period of time after treatment by

chemical fixation had been accomplished, it was theorized that if

the bulk of the mercury within the soil could be chemically locked

in place, then there would be little or no subsequent mercury

migration from the areas of high mercury concentration. This

vi 0 u1d b E:~ a chi eve d sin ce the r e w0 u1d ben 0 II new" mer cury a vail a b1e

for solubilization and/or migration from the areas of high mercury

concentration. Any of the mercury which is not fixed and which

might go into solution with the groundwater could be collected in

a leachate collection system and treated if necessary before

di sposal.

Based on the above analysis, we propose that chemiial fixation be

attempted only in those areas with heavy surface accumulations of

broken thermometer (and other instrumentation) shards.

The chemical fixation approach consists of three phases. The

initial step of Phase I would be to positively identify all hot

-9-



spots by ~eans of a detailed surface inspection of the subject

sit e VI i t h are pre sen t Q t -j ve 0 f N. Y• S. D. E• C. Sit e -j n s pe c t ion san d

surfaco work to date have located three (3) hot spots which are

identi fied on the surface by heavy accumulations of broken glass.

Upon careful inspection, the glass shards can be ident-ified as

broken fragments of thermom~ters and other instrumentation glass.

While three (3) hot spots have been identified to date, there may

be others on the site presently hidden hy light brush which covers

some of the sit8. Concurrently with the site inspection, a

detailed topographic map of the area should be made and all

significant elevations established. The second step in this phase

\'10 U 1d bet he per for 111 a nee 0 f ext e iI s i ve hy d r a ~J e 0 log i cal fie 1d t est s

and associatl~d lab ana-lyses. These tests are required to

establ ish the characteristics of the in-place soil and

groundwater. The scope of such field work would include the

following elements:

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

A. Ten (10) 3" \'le11s. These wens would be of standard PVC

construction and installed for the purpose of establishing

the groundwater qual ity of the area. It is anticipated

that these wells would be installed to an average depth of

approximately 20', however, if rock were encountered, they

would be terminated above the rock. A valuable byproduct

of the installation of these well s is the information on

soil horizons which will become evident during the drilling

operations. Six (6) wells would probably be installed on

site, one (1) well installed north of the railroad tracks,

one (1) east of Ames Street, one (1) west of Hague Street,

-10-



and one in tile parking lot just south of the subject site.

Two (2) 1y s i met e r' C 1 u s t e J' s 0 f t h r' e e (3) e ac h 'II 0 u1d be

installed within the subject site. Each cluster would be

ins tal 1e d wi t hina I' a diu s 0 f 5 I • Ea c h 1y s i nJ e t e r 'II 0 u1d be

installed at a different depth, but all vlould be installed

within the vadose zone. The entire region overlying the

V'later table, including the topsoil zone is defined as the

vadose zone. The installation of this instrumentation

would provide infor~ation regatding infiltration from the

surface through the vadose lone, and the nigration of the

9 r' 0 U nd ~'I ate r t h r 0 ugh the vado s e z 0 ne, d0 V'I n i ntot he

satuf'at.ed zone.

pie z am e t e r w0 U 1d be ins tall e d VI it hi 11 a 6 II cas -j ngin tor 0 c k •

The casing would be left in place and grouted to the

surface. It is anticipated that two (2) to three (3)

pac kc [' t est s W0 u1d be r u 11 v! i t h -j nth e roc k be for e 1. he

piezometer was installed. A packer test is a sealed and

pressurized water test which can be performed within a rock

zone in order to determine the rock permeability. The

implementation of packer tests within the rock would yield

information on the overall integrity of the rock as a

possible barrier against water migration. The remaining

two (2) piezometers would be installed within augered holes

which terminate above the rock. The piezometers which are

approximately I' long would be placed in sand at different

elevations within the saturated zone. Piezometers are used

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

B•

c. Three (3) piezometers would be placed on site. On e (1)

-11-
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in determining the 9round~'/ater level in the saturated lone.

Information would al so be obtained on the permeability of

and the vertical gradients within the soil overburden.

I nth r e e (3) 0 f the 5 i x (6) 0 n- sit P VI ell sse 1e c ted undel'

i t em A, s 1 ug t est s ~'i 0 u1d be per for in ed usin g the s 0 i 1

vlithdrav/n from the ~'Jel1 installations. Slug tests help to

determine the permeability of the overburden and the

direction of groundwater movement through the soil.

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

Bench testing of representative soil samples from the subject

site will constitute the third step in Phase I. These soil

samples would be composite samples from the located hot spots.

The soil sar.lples \'iould first be split into tv/o(2) equal portions

with Total Mercury, EP Toxicity, and Neutral Leaching Medium tests

being performed on one (1) portion to establish a base datum

point. Using iron pyrite concentrations of between 1% and 3% (in

1 / 2% inc" emen t s) by \~ e i ~1 ht) i ron py r' i tel'l 0 u1d be m-j xed wit h the

soil sampl(~s. After th(~ various concentrations of iron pyrite are

mixed with the second hal f of the soil samples the Total Mercury,

EP T0 x i city and He ut r alL e achi n9 t,~ l~ diu m t est s w0 u1d be per f a I'm ed,

again. Control samples \'Iill also be run for all tests. Also

during Phase I, discussion should be undertaken with the Monroe

County Department of Wastewater Management to advise them

regarding any contemplated discharge.

Should the results of Phase I meet the standards agreed upon by

N.Y.S.D.E.C., then the data established in Phase I would be used

-12
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to refine the methodology proposed under Phase II. The field work

fro m P11 (l S e I will est a b1 ish the pr inc i pal s 0 i 1 a nct g r 0 undvI ate r

parameters needed to plan and possibly alter Phase II of the

program. It is presently thought that the hot spot excavations

will consist of areas 30' in diameter at the surface, and 10' -

15' at the base of the excavation, with an overall depth of

excavation of approximately 12'. The presently known three (3)

hot spots would require an excavation of approximately 1000 cu.

yds. The iron pyrite to be used in the chemical fixation of the

mercury is available in Pennsylvania, and comes in 100# bags. The

contaminated material and the iron pyrite would be mixe~ using

equipment which will insure a unifofQ product mixture. The

product can then be returned to the excavations and compacted in

place.

The last step of this phase would be the installation of the clay

cut-off trench and leachate collection system. The width of the

trench would be about 2', but the location, depth and length of

the trench would have to be established after inspecting the data

from Phase I. (see Figure 3). The leachate collection system

would consist of perforated PVC pipe laid in an acceptable

filtering medium and piped to a central location where it can be

treated if necessary. It is proposed that this leachate be

discharged to the local sewer system of the City of Rochester.

However, if this leachate violates the applicable requirements of

the Monroe County Department of Wastewater Management, it would

have to be treated on site by Taylor before it could be

-13-
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discharged.

Phase III of this program would be a post-monitoring program to

gauge the gradual reduction in mercury availability within the

site. Once the major mercury sources have been tied up, the

leachate collected should gradually exhibit an overall reduction

in mercury. To monitor this occurrence, it would be proposed to

monitor the leachate from the site on a monthly basis and the

groundwater wells within the site on a quarterly basis. Should

the leachate exhibit a gradual mercury reduction or remain at

levels below the State groundwater standards for mercury for at

least six (6) months, then at the end of the first year the

monitoring program could be reduced to testing the leachate

quarterly and the groundwater wells semi-annually. Should the

leachate remain at levels below the applicable groundwater

standards during the second year, at the end of the second year it

would be proposed to discontinue the monitoring program. If,

howe v E~ r, cl uri n9 the sec 0 ndye ar, In e r CUI' Y con c e nt rat ion 1eve 1 s are

above groundwater standards, the same testing program would be

extended into the third year and beyond as necessary. At any

point after the first two years, should the analyzed mercury

levels be below groundwater standards for twelve (12) consecutive

months, then the monitoring (leachate and groundwater collection)

program would be discontinued.

It is anticipated that, prior to the commencement of each phase, a

brief report will be submitted to N~Y.S.D.E.C. detailing

-15-
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1 )

2 )

3 )

the actions to be taken during that phase,

data to be collected during that phase, and

proposed criteria to be used to decide whether or not the

phase can be deemed a success.

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

Once N.Y.S.D.E.C. has reviewed and approved the proposal,

including the data to be collected and the judgement criteria,

Taylor \vi 11 begi n wOI~k on that phase of the relnedi al It/ork.

Following the completion of a phase, a brief report analyzing the

results of the work done during the phase and a detailed proposal

on the items to be included in the next phase will be submitted to

N.Y.S.D.E.C. The above cycle would then be repeated.

The success of such a phased approach will be dependent upon

cooperation between all parties involved in the process,

espE~cially in the area of reaching mutual agreel.lent, ~the

p r o~i..l_~,-~_~"9 ~ ,on rH~c e s s a r y datat 0 be col"j e c ted and 0 11

establishing judgment criteria. While some amount of flexibility

will probably have to be left until the data analysis stage, all

parties must be aware of the basic framework within which

decisions will be made.

If the work done during any phase indicates either that chemical

fixation will not (or did not) work or that further remedial

measures are necessary, the subsequent phases can be either

modified or the entire approach can be abandoned. If this occurs

then N.Y.S.D.E.C. and Taylor will have to reanalyze the situation

-16-
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and develop a new approach .

After review and conceptual approval of the overall project is

given by N.V.S.D.E.C., Taylor will submit a detailed outline of

its proposed bench testing. Subject to any ~odifications prompted

by N.V.S.D.E.C. review, Taylor will then request a formal approval

before implementing Phase 1. It is anticipated that Phase I can

be begun within three (3) weeks after N.V.S.n.E.C. approval is

received •

Section IV of this proposal contains a tentative schedule for the

entire Chemical Fixation program •

-17-
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-
- The implementation of the proposed progra~ presented in the

preceeding section would develop under the following time frane.- 1. Submission of the proposed engineering!

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

analytical program to N.Y.S.D.E.C. for

conceptual approval

2. Receipt of N.Y.S.D.E.C. conceptual approval

of the proposed program

3. Submission of a detailed report covering

the proposed bench scale testing and

hy d r 0 9 e 0 log i c a -, fie 1 d \'1 ark and 1a b

testing.

4. Receipt of N.V.S.D.E.C. approval of the

testing and field work programs.

5. Once NYSOEC gives approval to proceed with

Phas elm 0 biii za ti on to start the f i el d Itl 0 r k

associated with Phase I would take

approximately three (3) weeks. Present

estimates place the amount of time required

to do the actual field work associated with

Phase at five (5) weeks. The turnaround

time on the lab testing for the field work

associated with Phase I would take

approximately four (4) weeks. A compila

tion of all the test data into a report

for Phase I including all aspects of the

hydrogeological work and the iron pyrite

-18-
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-
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testing would take approxi~ately three (3)

additional weeks. This report would then be

submitted to N.V.S.D.E.C. for approval. Date !3 +

fifteen (15)

-
-
-

weeks.

6. Receipt "of N.V.S.D.E.C. approval to commence

with Phase II. Date C.

7. Preparation of plans and specifications;

approval of this work by N.Y.S.O.E.C. and the

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

hiring of a contractor.

8. Mobilization to implement Phase II would take

a ppro x -j mat ely t hr e e (3) \1/ e e ks aft err ec e i pt 0 f

N.Y.S.D.E.C. approval. Actual time required

to perform Phase II is anticipated to be

approx"ilni.ltely three (3) weeks, (15 \'iorking

days).

9. Commencement of monitoring the leachate

and groundwater at the site.

10. Submit Phase II report including record

drawings to N.V.S.D.E.C. for approval

11. Submission of the Phase III monitoring

reports to N.Y.S.D.E.C. (and possibly the

-19-
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\'ieeks.

Date C +

six (6) weeks

Date D.

Date C +

nine (9)

weeks.



-
-
-
-
-
-
-

t1onl'oe Count.y Depart.:nent of \~astewijter

Management) as they are re~dy Qfter each

agreed upon testing p(~riod, -including an

approximate three to four (3-4) weeks

testing t.urnaround time. Date 0 +

four (4)

weeks and

periodically

thereafter.

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

12. Submission of a request on behalf of

Taylor to N.Y.S.D.E.C. for a

declaration that the site clean-up project

at Taylor is deemed complete and that on-site

monitoring (leachate and groundwater

collection) can be discontinued. Date E.

-20-
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';'J';ercury R8mova1 from 'Water by Iron Sulfide rVlinerals. An Electron Spectroscopy
for Chemical Analysis (ESCA) Study
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tI Using ESCA (electron spectroscopy for chemical analysis)
and atomic absorption spectroscopy as analytic,}l techniques,
we show that naturally occurring sulfides are excellent ad
sorbers for aqueous solutions of Hg2+ and Hgo. The Hg con
centration in chlor-alkali effluent can be decreased drnmati
cally to less th:m 100 ppt.

Mercury pollution of natural waters by man's activities
(1 -3) has created severe problems in many countries of the
world. It has been estimated that the land-derived flux of
mercury to the oceans is four times the preman level (4). In
nddition, an increased use of coal and geothermal steam for
electrical generation will, without further abatement mea
sures, increase mercury (and other heavy metal) contamina
tion of the atmosphere and hydrosphere. Of particular recent
ecological concern has been the mercury po1\:.:tion from in
dustrial plants and their associated dump sites (2).

Although mercury i()sscs from these plunts have been re
duced greatly in the last. decade (5,6), economical and efficient
methods must be devised to decrease further losses to the
environment. Because the solid-solution adsorption reaction
is known to control many heavy ion concentrations ill the
environment, we looked for a common economicallllineral to
adsorb Hg from such industrial waste. Pyrrhotite (FeS) and
pyrite (FCS2) ores seemed ideal candidates for a number of
reasons. Mercllric ions have a large affinity for sulfide, as ev
idenced by the f;olubility product for HgS and a preliminary
adsorption study Oil heated pyrite (7 J. Iron sulfides arc COln

mon and economical minerals to mine throughout the world
and are usually quite accessible in localities where mercury
contaminat.ion is dominant. For exam!,le, most massive sulfide
mining operations (Pb, Zn, Cu) separate and discard huge
amounts (thousands of tons) of iron sulfides yearly. Iron sul
fide and its oxidation products should pose little pollution
threat if dumped into contaminated waterways. If mercury
exchange,; for surface lattices sites, the displaced iron and/or
sulfur is precipitatl;d by natural processes.

Three separate sets of adsorption experiments have been
carried out. In the first two experiments, 0.1 to 1.0 g of pow
dHed «200 mesh) pure Sudbury pyrrhotite or pyrite was
stirred in deionized distilled water in polypropylene or boro
silicate beakers for approximately 2 h to obtain equilibrium.
The pH wa:; adjusted to between 4 and 9. Solutions ofHgCh
were added to the stirred FeS to give initial Hg concentrations
between 1 and 200 ppm in a first study and 20 and 100 ppb in
a second study. In the second studY,large concentrations of
Cl- were added to simulate chlor-alkali waste. At selected
times, 10-roL aliquots 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 fur
nace flameless atomic absorption methods (9).

To show the great utility of the ESCA technique for
studying met.'l1 sorption on solids directly, and to study further
the effect of chloride ion concentration, a third set of experi
ments was performed. High grade pyrrhotite and pyrite ores
were cut into small pieces with a 1-cm2 surfu~e and then
ground and polished. Each sulfide plate was washed thor-

1142 Environmental Science & Technology

oughly in acetone and deionized distilled water and air-dried
prior to ESCA (XPS) analysis for surfa~e trace impurities of
silica (8i02), mercury, chlorine, etc. A review of this ESCA
technique has been previously published (10-12). The theory
of ESCA and its recent applications in surface analysis have
been critically reviewed by Hercules (13-15). These plates
were then placed in 500 mL of various concentrations of
mercuric chloride or elemental mercury (HgO) at pH 4-7. After
a specific time in solution, each plate was caref!-1l1y removed
from its reaction solution and dipped five times in fresh
deionized water to remove unadsorbed, adhering Hg io~s (lO,
16). Each plate was then air-dried and analyzed using the
ESCA technique for the following elements: Hg, CI, S, Fe, C,
and O.

The data for the mercuric ion uptake in the first experiment
are summarized in Figure 1. The data indicate an adsorption
process, as the mercury ioss from solution is proportional to
the wei~:ht of powdered PeS and the initial mercury ion con
centration. The Langmuir adsorption expression (I7) was
used to dett'rmine the maximum adsorption capacity (Xm,

3.55 X 10-2 mol of Hg/mol of FeS) and the adsorption con
stant (b, 6.05 X 104) for the FeS powder. The equilibrium re
sults fit well to the Langmuir l\dsorption equation and ad
sorpt.ion isotherm. The good linear fit to the Langmuir
equation indicates a sorption process proportional to sorbent
surface area and sorbat€: concentration at constant pH.

Tabl~ I summarizes the Hg uptake at much lower Hg Con
tents for both Hg2+ and HgO with FeS and F'eS2. These results
are notable fur two reasons. Firstly, with the exception ofHgo
on FeS, over 95% of the rIg is removed from solution in all
cases. Secondly, the adsorption is not decreased by the chlo
ride ion concentration. This result contrasts with previous
studies involving the removal of mercury from solution by
othE'r materials where increasingly greater Cl- content re
duced the mercury adsorption from solution (18).

The ESCA results using both pyrrhotite and pyrite plates,
at a solution pH of~4 (HgCI2°species dominant) and variable
sodium chloride content (0, 100, 1000 ppm), are shown in
Tables II and III. These results show that for each initial
mercuric ion concentration and constant time of reaction, the
sorption rate of mercury increased with increasing chloride
concentration, especially at low initial Hg concentrations.
Mercury sorption rates on iron sulfide minerals thus do not
follow a simple cation hydrolysis relationship as previously
suggested for oxides (19). The highest Hg intensities corre
spond to near monolayer coverage. In the ESCA studies, little
chloride and no sodium ions were detectable, although the
initial solution concentration of NaCl was as large as 1000
ppm. This indicates that the mercury sorption is highly spe
cific.

A sulfide plate studied at pH -:7 (Table II) produced a
much lower sorption rate with respect to the results at pH ~4.

This again indicates the pH influence upon sorption rates (see
also Table 1). It was also found that pyrrhotite sorbed much
larger weights of mercury ions than pyrite, assuming equiva
lent initi;".! mercury, sodium, and chloride ion concentrations.
Thus, surface lattice sites and solubility diffei"ences are im
portant sorption reaction parameters.

00 13-936XI79/0913-1142S01.00/0 © 1979 American Chemical Society
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Table I. Results of Hg2+ c:md Hgo Adsorption by 1-9 Iron Suliide Minerals

IH91 ICII IH91 % Hg
Initl)'. Initial, final, reduc:tion

Hg species "nd ml""rallypga pH ppb ppm ppb in solution

A. I-Ig2+-FeS 4.4 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

B. HgO-FeS 4.5 30 0 5.1 83.0

- FeS2 4.5 30 0 0.10 99.7

C. chlor-alkali plant waste-FeS

CA1 b 5.5 2000 >1000 60 97.0
4.4 c 2000 >1000 40 98.0

CA2 d 6.2 5 <100 0.10 98.0
4.4 c 5 <100 0.05 99.0

B 100 mL or solution shaken for 1 h, and then ailowed 10 settle 1 h before analysis of the supernatant. b Nontreated chlor·alkall processing wat1lr. c'pH adjusted
by dropwise addition of 1 M Hel. dTrealed chlor·alkali processing water.

._-_._----_.~----~------------

Table II. ESeA Study of Mercury Adsorption on Iron Sulfides; Variation wiih Chloride Concentration

-
-
-
-

Ii- .~

Init "'9 concn, PPnl lt

A. Hg2+ reactions

0.02
0.10

1.0

0.02
0.10

B. Hgo-H20 equilibrium reactions.

0.03

Hg 41 peak area
react. Inlenslly (X 104 ) d at

mInerai solution lime, init chroride con.en. ppm
type b pH mIne 0 100 1000

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 1440 30.6 56.9 69.5
FuS 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
FeS;> 4 1440 1.0 7.4 9.4
FeS2 4 1440 14.00 10.0

FeS 5.7 2880 2.54

FeS2 5.7 5760 18.6

FeS2 5.7 5760 16.0

reS 2880 31.3
FeS2 5760 32.8

• 500 ml 01 Hg solution used. b Cut pyrrhotite or pyrite ore. C Mineral plales dipped live limes in fresh water to remove Hg solution. d Peak area intensity lor
SO scans of Hg 4f.

-
-
-
-

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

Process water samples (CAl and CA2) were collected at a
large chlor-alkali plant in Canada, and Hg adsorption was
studied using 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 III) indicate that a significant amount of mercury in
the 500-mL 5-ppb solution is removed, and the powder results
(Table IC) show that this Hg content is reduced to :S0.1 ppb.
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, may be a factor in reducing the availability of
mercury to biota in otherwise sensitive areas. In contrast to
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Figure 1. MerCtlric ion adsorption on powdered FeS in 500 mL of so-
lution. The time 01 reaction in each Cilse is 30 min-
Table !II. ESCA Study of Mercury Sorption by Iron
Sulfides from Chlor-Alkali Processing Waters- chlor-..lk"ll reaction p ..,;lk area

processIng ,,.on sullide lime. intensity
soluUon Iype ~ ore b he Hg 41 (X104 ) d

1. CA 1 (pH -5.5) FeS 1.0 1.1- 24.0 3.0

48.0 6.9

CA 1 e (pH ~4.0) FeS 4.0 nil

24.0 4.5- 48.0 27.5

FeS2 24.0 7.0

2. CA 2 (pH -6.2) FeS 6.0 0.83- 24.0 2.10

CA 2" (pH -4.0) FeS 4_0 27.3

24.0 7.1

48.0 19.3- FeS2 24.0 2.7

-
-
-
-
-
-

-
-
-
-
-
-
-

pH ~4'O ,noc
--In't<lIH~tSJin XX) mg

30 rl"\g

80
0·5 mg

60

'"E

o.....=-'O-=-2;c.:>="--'O~~=---"--=-"':O;="75"-'=1";!Q=-~
(Sorb""!) wt FeS [gms)

D As per Table II. b As per Tabls II. C As per Table II. d As per Tabl<lli. e pH
adjusted by dropwise addition 01 1 M Hel.

accepted theory, the mercury concentration in fish (21) was
lowest in regions unaffec:ted by point sources with the highest

1144 Environmental Science & Technology

sediment mercury concentrations. Thi,; supposed anomaly
can be expLi!led by the presence of rebtively high COllcen
trations of sulfide minerals in tlle reg inns with the highest
sediment mercury CO:1cenlrntions.

Our rcslllt.s of mercury adsorption on iron sulfides indicate
the potential use in eliminating hath mercuric ions and ele
mental mercury 2toms from polluted natural waters, indus
trial wast.?, and lJrocess waters. The observed residual solution
values CfJmp'lre to levels in ocean water (-5 ppt) and rain (-1
ppt) (22). A more detailed investi;{ation involving the most
efficient desi~:n of a pilot plant and related chemical param
eters to best use iron sulfide ore is in progress.
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-
- All inorganic compounds \--lill to some extent dissolve and

-
-

dissociate in water into their component ions. This ionization is

a reversible (or equilibrium) reaction and can be expressed as

such. Assume that a salt with the chemical formula ABis added to

-
water.

( 1 )

-
-

Either "A" or "B" ions can be taken out of solution by creating

con d i t ion s, phy sic all y 0 r c hem i cally, unde r whi .c h the y will

combine with other chemical entities so as to form a compound less

-
soluble than AB. This fundamental chemical concept can be used to

remove polluting ions, such as mercury, from water.

-
-

Th (Hg +2)· d ( +2)e two oxidation states of mercury ions an H9 2 can

coex"ist in equilibrium, and this equilibrium is easily shifted.

The mercuric ion can, under suitable conditions, react with

( 2 )

mercurous
ion

mercuric
ion

elemental
(metallic)
mercury

While mercury exists in a stable solution only as the mercurous

ion (H9 Z+2 ), the mercuric ion (H9+ 2 ) is easily (although

temporarily) formed.

Hg O +

-

-
-

-

-
-
-

organic material to form various organic mercury compounds. These

type reactions can be represented by the following equilibria.

Organic material + H9+ 2 " (CH 3 )H9 (3)

~J!H9+
-

Thus it can be seen that, from the viewpoint of how readily

-



-
-
-
-
-
-
-

nercury can leach into the groundwater and/or form the more toxic

organic mercury compounds, that the mercury within the

contaninated soil at the Taylor site, can be thought of as being

available for transportation through the soil in the mercuric ion

+2(Hg ) form.

If the mercury within the soil at the Taylor site were to remain

buried in an insoluble form which could not migrate, then there is

no chance that it would cause further environmental damage.

However, if the nercury comes into contact with water

causing some of it to go into solution, then the potential for

(precipitation, groundwater or water from some other source)

-
- environmental damage is heightened. The data presented in the

-
-
-

Jan ua r'y 19B2 I~ epa r tin d i cat est hat, i nthepa st, sam e oft he

mercury in the soil has. in fact. gone into solution.

One method that can be utilized to significantly reduce the amount

of mercury which can go into solutionis to find another ion which

will react with and/or strongly adsorb mercury which is in

solution, hence "locking" the mercury up and preventing its escape

with the water. Ongoing Canadian studies (see Appendix A)

indicate that the sulfide in iron pyrite (a common mineral with

the chemical formula FeS Z) which is a by-product of mining iron

are can react with the mercury to effectively bind it in place.

-
-
-
-
-

H9+ 2 + S-2 _....,..-_.::0...... HgS...
mercury sulfide

(solid)

( 4 )

-
-

Mercury sulfide is extremely insoluble (see following table) and



-
-
-
-
-
-
-
-
-

hence, once it is formed, the mercury ion v¥ill be prevented frorl

further leaching or fl!oving. Since mercury sulfide has a much

10Vler solubility than ferric sulfide (iron pyrite) any mercury

either in the elemental form or in any oxidation state, will be

~ound by the iron pyrite when they come into contact. Eventually

the bulk of the mercuric ion should combine with the sulfide ion

and form the highly insoluble mercury sulfide compound. Iron is a

common element within "groundwater and it is not generally thought

to have negative environmental effects. The "locking up" of

mercury in the sulfide complex with the concorlmitant release of

iron into the water should have no detrimental effects. Mercury

sulfide is considerably less toxic to soil microorganisms than

mercury ions. Therefore, the formation of mercury sulfide at the

Taylor site should also improve environmental conditions within-
the soil itself. This reaction, if it can be induced to occur at

- the Taylor site, should effectively remove the potential for

further mercury contamination of the groundwater.

-
-
-
-
-
-
-
-



-
- SOLU8ILITY PRODUCTS*

- BaS0 4 1.1 X 10- 10 Ag 2Cr0 4 1.9 X 10- 12

BaF 2 1.7 X 10- 6
A9 2S 1 X 10- 51- BilC0 3 1.6 X 10- 9
Fe(OH)2 1.6 X 10- 15

- BaCr0 4 8.5 X 10-11 FeS 1 X 10- 19

CaS0 4 2.4 X 10- 5
Zn(OH)2 4. 5 X 10- 17

- Ca 3 (P0 4 )2 1.3 X 10- 32 4.5 X 10- 24
ZnS

CaF 2 1.7 X 10- 10 ZnC0 3 2 X 10- 10

-
CaCr0 4

~ 1 X 1 (\ - 4 Sn(OH)2 5 X 10- 26
/ • 1. i )

- r'1g(OH)2 . 1.8 x 10-11 SnS 8 x 10- 29

PbS 7 x 10- 29
CuS 4 x 10- 38

- PbS0 4 1.3 10- 8
CU(OH)2 1.6 10- 19x x

PbC0 3 1.5 x 10- 13
Cu(I0 3 )2 1.3 x 10- 7

-
PbCr0 4 2 ··16

[vi n (°H) 2 2 10- 13x 10 x

- Pb(OH)2 2.8 x 10- 16 MnS 7 x 10- 16

AgBr0 3 5.2 x 10- 5 HgS 3 x 10- 53

- .AgCl 2.8 10-10 CdS 1.4 10- 28x x

AgBr 5.2 x 10- 13
Ni (OH)2 1.6 x 10- 16

-
Ag 1 8.5 x 10 .. 17

-
* Fror.1 lL M. L.atimer, "Oxidation Potentials", 2nd e d. , Ne\'1 York,

Prentice Hall, Inc. 1952-
-
-
-
-
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-
- OPTION 1: oN- SITE CHE11 I CAL FI XATION 0 F THE [1 ERC_~_~'L_

Chemical fixation of the mercury on site is an approach which

- would consist of three phases. In Phase I, additional

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

hydrogeological field work, testing and lab analysis would be

required to verify and expand upon the preliminary information

obtained from the field work first performed on the site and

presented in the January 1982 Report. Representative soil samples

would be obtained in order that the chemical fixation theory may

be bench tested in the laboratory. Bench scale testing is

especially important at this site due to the heterogeneous nature

of the soil in the upper layer. Soil samples representing the

various concentrations of mercury in the soil and the various soil

matrices within the site would be mixed with varying

concentrations of iron pyrite (FeSZ). From the research that

Lozier has done, it is most likely that the acceptable

concentration of iron pyrite would probably be 2 or 2 1/2% by

weight. However, iron pyrite concentrations ranging from 1% to 3%

in 1/2% increments by weight would be tested to substantiate this

research. With this information in hand, Phase II would then

begin.

It is anticipated that the steps involved with Phase II would

include the following:

1; The proximity of adjacent structures to the work area would

-
-
-

2.

require the removal of the existing perimeter fence.

Since the existing structures which border the periphery of

the area are so close to the actual work area, and because



...

...

...

...

...

...

...

...

...

...

...

...

3 •

4.

5 .

the conta~ination within the soil matrix extends to a depth

below the existing footers, either sheeting or some other

way of preserving the integrity of these structures might

have to be employed •

Although our groundwater information is not extensive, well

pointing or some other means of control ling the groundwater

table might have to be employed in order to make this site

stable for excavation work •

The work area would be excavated and that material

stockpiled. This material would then be mixed with the

iron pyrite at the percentage by weight established in the

bench testing under Phase I. This chemically fixed

material would then be returned to the excavation and

compacted •

Then a leachate collection system of perforated PVC pipe in

a filtering medium would be installed and piped to a

central collection point .

During Phase II of this option the leachate would be collected and...
monitored for the presence of mercury •

...

...

...

...

...

...
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-
- OPTION 2: ON - SIT E ENe APSULA T ION 0 F THE ~1 ERe URY

On-site encapsulation of a contallinated area is an approach which

- i S \'1 ell doc uin e nted i ntheli t era t II rea ndon e VI hie h has b2 e n

employed in a number of areas throughout the country. The- techniques and the materials are available that make this a viable

- system. Phase I of this option should consist of further field

-
-
-
-

work and laboratory analysis to substantiate and broaden the

present data on the soil and groundwater conditions at this site.

The data obtained from this phase may also alter the procedures

in Phase II. Due to the physical characteristics of the site, it

is recommended that one-half of the site be worked on at a time.

This approach is proposed in order to effectively install the

encapsulation system and still maintain sufficient work area.

following work sequence is proposed:

Figure 2 depicts a typical cross section of this option. The-
-
-
-
-
-
-
-
-
-

1.

2 •

3.

The proximity of adjacent structures to the area would

require the removal of the existing perimeter fence.

Since the existing structures which border the area are so

cl.ose to the actual work area, and since the contamination

ext end s wit hi nth e s 0 i 1 mat r i x t a a de pt h bel 0 \'J the

existing footers, either sheeting or some other way of

preserving the integrity of these structures might have to

be employed.

Although current groundwater information is not extensive,

well pointing or some other means of controlling the

groundwater table might have to be employed in order to

make this site stable for excavation.
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an acceptable material, possibly Hytrel. Hytrel is a

product manufactured by DuPont Co.

The contaminated material would then be replaced back into

the area from which it came.

A 6" to I' layer of bentonite clay would be placed on top

of the rep·lau~cl contaminated materia"l.

4. Once the site was ready for excavation, one-half of the

material in question would be exc~vated and stockpiled on

the other hal f of the s1 te.

5. After this excavation was performed, the first item to be

6.

8.

9 •

placed in the excavated area would be an underdrain

monitoring system consisting of perforated PVC placed in a

proper fi 1teri ng medi urn.

The next item to be placed would be a layer approximately

6" to I' thi ck of bentoni te cl ay.

7. On top of this clay layer vlould be placed an inner liner of
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10. A top 1in e r v/ould be placed on to p of the upper clay layer

and the upper and lower liners which, along with the clay

are no vi formin~l an envelope around the contaminated

material, would be wrapped together in a series of
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11.

horizontal and vertical turns, and finally wrapped up

underneath and buried in a peripheral bentonite clay

trench. This trench would extend around the entire

perimeter of the work area, and would constitute the outer

seal for the envelope.

Once the first half of the site had been dealt with, as

described above, the same sequence of events would be
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repeated on the remaining work area. After the entire area

had been sealed, the upper inert liner would be covered

viith approximately 6" to 8" of topsoil material to

stabilize the top area and also to protect the liner.

After the closure system is installed, the underdrain

monitoring system should be monitored to insure system

integrity.
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APPENDIX "E"
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Under this methodology it is proposed that two phases be employed.

The first phase would once again involve more extensive

hydrogeologicul testing to confirm the onsite soil and water

conditions, and thereby establish the required area for

excavation. Phase II would consist of physically excavating the

contaminated material following all necessary safety and

contamination/decontanination procedures. The contaminated

material would be packaged as a hazardous waste and trucked to a

secure landfill. The exact location for final disposal would be

determined once N.Y.S.D.E.C. had made an exemption status

determination. Backfill would be transported to the excavated

site, and the site restored and regraded for possible future use.

Lozier recommends that if this methodology were selected an

organization such as CECOS International be used. Such

organizations could offer a complete package of services and take

full responsibility for the entire excavation and disposal

operation.

It is unlikely that post-monitoring of this site would be

requirf~d.


