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Introduction

A bo+~tdreview of the technical literature dealing with mercury

migration in soil was performed. The approach followed was to identify

relevant articles by gearching bibliographic data bases, obtaining the

promising articles and searching these articles for any additional

relevant citations.

The bibliographic search was initiated with an on-line search of Chem-

ical Abstracts and Energy Research Abgtracts. The search algorithm used

was mercury and other delimiters such ag soil, gediment, clay and kaoli-

nite. t9Mercuryand soil and vaporizationffwas also used as was ‘mercUrY

and soil and migration;w An in-depth manual,search of Energy Research

Abstract9 was performed for the period 1976 through 1983;

Additional citations, covering the period 1976 through 1983, dealing

with the so-called cold vapor atomic absorption technique for mercury de-

termination were obtained from Atomic Absorption Newsletter which publish-

es a comprehensive bibliography twice annually. Physics Abstracts was

searched for developments in instrumental neutron activation analysis for

mercury determination;

As articles were obtained their bibliographies were searched for

other citations of

identified by this

Chemical Abstracts

authors.

interest. A number of additional earlier articles were

method. Finally, a list of authors was compiled and

was searched for additional contributionsby these

The citations identified during the literature search and copies of

the articles were compiled. An organizational algOrithM was sought which

would allow easy access to specific papers relating to questions

g
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associated with the environmental impact of buried mercury; Since

‘Dispersion Study OP Buried Elemental Mercury,’tby Orebaugh and Hale is

the most thorough study of the Savannah River Plant site, it was decided

to organize the literature identified in the search around the major

pathways and technical questions raised in that report. An obvious

advantage of this approach is that it facilitates the evaluation OF the

central assumption and conclusions of

relative to the current technical data

Eight CateSorie9 were chosen into

These categories include:

1.

2.

3:

4.

5.

6.

7.

8.

Chemical states of mercury

Diffugion of mercury vapor

the Orebaugh and Hale report

base.

which to organize the literature.

under environmental conditions

through SOil

Volubility and stability of mercury in environmental waters

Transport of mercury on colloids

Models for mercury migration through the environment

Analytical techniques

Retention of mercury by soil components

Formation of organomercurials.

Each paper was reviewed and a summary of information from the paper

relevant to the Orebaugh and Hale report or other issues related to the

land burial of mercury was prepared. These summaries are organized into

the 9 categories listed above. Some of the summaries contain figures or

tables taken from the article. The figure or table numbers used in the

summaries are the numbers used in the article itself. A brief statement

of iMpOrtant Points associated with each category prefaceg the summary of

articles in that category. Reports written about the Savannah River Plant

low level waste burial ground, including Orebaugh and Hale, are not

.
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summarized in this literature survey because they represent the work of

the group for whom the survey was prepared.

.



Conclusion

A primarY justification for undertaking this study was to determine

if any credible evidence existed in the literature which cast doubt on the

model, developed by Orebaugh and Hale, for ground water contamination from

buried ❑ercury at the low level waste burial facilitY at the Savannah

River Plant (SRP). Our literature survey did not uncover any information

that we recognize as casting serious doubt on the projections of mercury

migration into ground water or any other major aspect of the Orebaugh and

Hale report. A number of issues were identified which do require further

study to improve the reliability of projections of environmental impact

from the near surface burial of metallic mercury. This section identifies

those lssueg the present reviewers consider the most presging.

Little information appearg in the literature concerning the contamina-

tion of ground water by metallic mercury or mercury ivany chemical form.

This is perhapg the case because ground water contamination by mercury has

not been identified a3 a serious problem, not even in areas where natural

sources of mercury exi9t. Information is available concerning the capaci-

ty of clays to absorb mercury and on the ability of various solutions to

transport dissolved mercury through soil component. This data base is

not sufficiently developed, however, to allow a reliable prediction of the

rate of migration for a particular site. Column experiments”using a soil

model for the SRL site and an appropriate leachate model are required to

improve the estimates of mercury migration from the site. These column

experiments need to reflect the variability that likely exists in the SRP

burial ground and address such variables as the following:

1. The potential role of bacteria in determining the chemical state

of the mercury present in the ground water. Bacteria have been



reported to oxidize mercury metal to Hg2+~ reduce Hg2+ to Hg”i

convert Hg2+ to methylated forms and to demethylate mercury.

Column experiments must be degigned which will determine the role

of bacteria in the SRL burial ground. This will require attention

to the dissolved oxygen concentration in the soil solution and the

bacterial population present.

2. The presence of anions what form complexes with mercury has a pro-

found effect on the tendency of soil components to sorb mercury.

Column experiments utilizing an appropriate trench water model

(perhaps more than one would be necessary) would significantly add

to the reliability of the migration model.

3. The volubility of HgO is orders of magnitude higher in some

organic solvents than in water. The model trench water must take

into account the presence, if any, of

of the volubility of mercury in water

commonly present may also be in order

on this migration mechanism.

4. The interactions between HgO and soil

organic solvents. A study

saturated with any solvents

to establish an upper limit

colloids have not been

studied. Because of its potential.importance in the SRP burial

ground, HgO uptake by soil colloids requires investigation.

The effect of the buried mercury on local ground water is routine-

ly monitored at the SRP. The technique used for this monitoring program

1s the so-called cold vapor atomic absorption technique. While this tech-

nique is the mogt widely used today, no information could be found on the

effect of

are known

establish

soil colloids on the accuracy of the method. Mercuric complexes

to adsorb strongly to such colloids; thus it seems important to

that the reduction and sparging technique used to partition any

.
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mercury present in the solution under analYsis into the gas phase for

detection removes all of the mercury present on colloids. This issue must

be addressed to establish the reliability of the analytical method upon

which the ground water quality monitoring program at SRP depends.

.

-6-
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Category 1.. Chemical states of mercury under environmental conditions

Eh-pH diagrams have been reported for the system Hg - Cl- - S042- .

The important organornercurialsdimethylmercury and methylmercuric chloride

are not thermodynamically stable within the Eh-pH space of these diagrams,

but the kinetics of their dissociation may be sufficiently slow to give

them a fairly long half-life in natural waters. Adsorption capacities and

rates of adsorption have been determined for mercury compounds on a number

of clays and sand. Bacteria are believed to play an importamt role in the

environmental transformations of mercury leading to organomercurials and

the free metal. The complex aqueous chemistry of mercury is discussed.

The free Hg2+ ion is unlikely to exist in environmental waters to any

extent. The chloro or hydroxyl complexes will predominate.

.
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1.1

Hem has looked at the

environmental conditions.

stable forms of mercury in water under various

As is commonly done, the stable forms are plot-

ted as a function of oxidation potential and PH in a stability-field or

Eh-pH diagram. Figure ~ shows the Eh-pH diagram for mercury compounds in

water containing 36 ppm chloride and 96 ppm sulfate ions. Figure 5 shows

the stable soluble compounds in the same water system. ‘Tablesare inclu-

ded which contain the thermodynamic data required to solve the equation

systems involved. The point is made that if 33.5 kcal is taken as the

standard free energy of formation of dimethylmercury, no region exists on

Figure b

mercury

in

on

free energy

which this compound would be the most stable ~orm.

was not considered in the construction of Figure Q

The methyl- .

because no -~
.x

estimate was available.
.-

The rate at which equilibrium is

attained can be sufficiently slow to allow an unstable compound to play an

important role in the environmental chemistry of an element.

-9-.
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1;2

Reimers and Krenkel studied the adsorption caPaClty and the kinetics

of adsorption of methylmercuric chloride and mercuric chloride on sand,

three clays and a synthetic organic sediment. Figure 7 shows the capacity

of the three

containing 1

Figure 8 the

clays, illite, montmorillonlte and kaolinite, in a solution

ppm Hg and varying levels of chloride. As indicated in

capacity of sand is

than those of the clays studied.

cities at various pH valaes as a

The maximum adsorption rates (in

approximately an order of magnitude lower

Figures 10 and 11 show the observed capa-

function of chloride ion ”concentration.

❑icrograms of mercury per gram of materi-

al per minute) observed from a solution containing 1 ppm of mercuric chlo-

ride were as follows: illite . 65.3, montmorillonite = 35.7 and

kaolinite - 9.7, fine’sand = 2.9, medium said = 1.7 and coarse sand

Figures 13 and 14 shows the Freundlfch isotherms observed for clays

sands under the conditions indicated.

MC+4T

=s2=
100,,-c1

,0.000,,.c1

-
9

KAOL

100,,* .3

10.000 ,,” c1

5 7

FICURE 7.’-Capacityofclaysforinorganicmercuryat25-C and
Ippmmercury.

-12-.
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FIGURE 13.-Freundlich isothermsof
claysand sandsfortheadsorptionofHgCl:
atpH 7,0 ppm Cl-,and !25”C.

-15-
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1:3

See 5.3

1.4

See 5.4

1.5

tant

Jensen and Jernelov discuss conversions

Porms of mercury. Pseudomonas bacteria

between environmentally impor-
“i~

are reported to be able to : }

rapidly reduce Hg2+ to HgO. The extent to which this occurs in nature 13

not known. The importance of completing agents in the oxidation of HgO to

Hg2+ is discussed and a relation is given for calculating the required

oxidation potential in a solution containing completing agents. The stabi-

lity of various organomercurials is discussed. A number of bacteria are

identified which are capable of methylation of mercury.

-16-.



1:6

Hahne and Kroontje postulate the relative abundance of hydroxyl and

chloride complexes under varying conditions of pH and Cl- concentrations

for the ions Hg2+, Cd2+, Zn2+ and pb2+. The equilibria relations and

basic data required for the calculating are given. Their results for

mercury are shown in Figures 3 & 7. Interestingly, chloride complexation

(HgCl+) becomes important at very low chloride concentrations (10-9 M ).

.

., 4 -12 -10 -6

loq[OH]e
L
o 24 6 8

at different PH values.

I c i I 1 i , 1

I

0.2
1-

0,1
t

IN
J

-12 -lo -8 -d -z c

I:g [cl]
Fig. 7-Oiswibu!ion of molecular and ionic species of divalenr Hg

at different chloride concentrations.
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1.7

Newton, Ellis and Paulsen report the adsorption capacity of bentonite

for Hg2+ in the Presence of various completing agents over a range of pH

values. Table 1 gives the Hg2+ complexes postulated at the chloride ion

and pH values tabulated. Figures 1, 2 and 3 show the observed percentage

of mercury adsorbed by a bentonite suspension containing 8 mg of clay per

ml at various concentrations of completing agents over a range of pH

values. Table 2 gives the quantities of mercury adsorbed under the condi-

tions listed and Table 3 provides observations on the ease with which ad-

sorbed mercury was removed from bentonite. The data clearly indicate Hg2+

adsorption onto this particular clay is

neutral pH and at low

contains an extensive

natural waters.

concentrations of

literature review

near its maximum at

complexlng agents.

of the chemistry of

approximately .

This paper
.1, .L

mercury in

-18-



Table l–Theorellcal dw,mz! fr3c!!ons of Hq(lll comOQxe$ as
fwTcl!ons of p,+ and chlorice concentralnons

Gcl ;
COmp!..

cvnentr.tmn L%!I PH HsC1.* k6Kcl,- HsC1, H@OH HIIOH):

10-’
:

5
6
7

4
7
8

104 4
5
6
T
n

o 4
(10 -% s
GIYO,]*) 6

7
8

o.3a
0.39
0.36
0.38
0.11

0.01
0.01
0.01
0.01

-Q3.01

0.36
0,36
0.36
0.36
0.36

0.12
0.13
0.1:
0.12
0.05

0.01
0.01
0,01
0.01

fn.ol
Q.o 1
QI.01

0,26
0.26
0.26
0,26
0.25

0.86
0.86
0..S6
0.81
0.36

0.98
0.98
0.92
0.40
O.nl

0.99
0.93
U.41

0.92
0.40
0.01

0.02

<0.01
0.01
0.06
026

a.ol
0.0!
0.IJ6
0.21
0.08

0.01
0.06
0.28
O.Ob
0.01

0.06
0.21
0.O6
().01

a.ol

.

<0.01

0.01
O.m

0.01
0.32
0.91

0.01
0.32
0.91
0.99

0.01
0.32
0.91
O.*

X.99

0.98
o.99a
1.0
Lo
1.0

——

Table 2-Adsorption (amd I06s) of Hglll) by benton,re in O.01’M

C6(N0312 and CaC12 $ystems at high pH valu6s (Initial F19[II]
concmwration - 1074

0.01.$1 Wso,l, 0.011! CXl,

% PM % 19nlg
6.7 - 406.1 44.9 0223 6.6 0930 30.0 5.7 0.0265
-u .
7.6

214.1 300 O.lw 6.9 0.917 2S9 $,,5 0.02s2
0.921 179.0

as
26.4 0.122 71 - 26.2 5 S 0.027S

0.942
;0>

119.1 192 0.090 8.1 o.n7R ins !0.3 0.0461
0.660 140.6 ‘33.o

10.7
0.09s 6.9 0.862 1!1.4 2?.0 0.0948

110
0.922 ]56.0 22.6 0.096 t0.s 0.$07 164.4 24.7 0.0997
0.700 162.9 14.6 0.066 L09 0.663 =4.0 30.9 0.1027

Tabla .3-Desorptmn ~t HO from OWI:OnIte {orIgmaI z.dsorpt,on in

tx?nrontm -0.OIIW Ca IN03] , systemt )
-..

Z HCI11,IWIU,n,m on d,, ,(w, ,u-,,w
.,..h,. e.!

krb,.c Ull”tlc.” 1 ‘1

O.U.$1 GIXO,J, m.1 81.4 75.4
O.01.MGo: 52.2 43.1 29,3
O,ol,u F*CI S3.O 43.5
o.oI.u Ka 527 43.6

.

“k
T: .;

0.01v HYO, 69.1 53.9 464
O.ol.v Ha 3S.6 36.1 232
O.OLWH,SO, 5a9 46,7
O.01.V 160,4C 81.0 61L3
H:O 96.6

* 6m,id H~ mnerntmtmn - 10%. 52.6% admrpti.m at IIH 4.6 m 1thy.
~ Oay !20 mg, ~d ts S ml #cwrbm* sd.urm for 1 hour. then ctnwiluw.



1 I I I I 1 ! 1

4.0 4.s 5.0 5.s 6.0 6.5 1.0 1.5

on

Fig. l- Effeti of varying Ca(N0312 and GCI, txmcenrralion$ On

●dsorptmn of Hq by benton,te ai Iunctton of OH (initial Hg cOm
~nwat ion = 10%).

50

t

— on .1.0

— II+ .6.0
~ m .>. U
— OH .4.0

40

I ,,,
0 I ,.

0 10“5 104 lo) -2
iO :0”; log

F,g. 2-Adsorouon of Hq bv benton,[e as tunctlon of CaC12 con.

centratlon IOniual Hq concencrauon = 10 Wfl.

,.

o~
o “ 10+ 10’3 102 10”’ 100

Q (N031Z CONC.!NTUATIONlfll

.

Fig. 3-Adsorption of Hg by bentonite as function of Ca(N0,]2
corwenrralion [initial Hg concenrraiion - 10Tl#I.



1;8

Gilrnourpresents equations which describe the nature and behavior of

inorganic complexes of divalent mercury in water solutions containing

common ionic species; Table 1 contains a number of these equilibria and

the associated equilibrium constants. Table 2 contains the anticipated

concentration ranges of these ligands in natural water systemg. Calcula-

tions based on these ranges indicate that the uncharged complexes Hg(Cl)2,

HgCIOH and Hg(OH)2 should be formed as indicated in Table 3. Figure 1

shows how the equilibrium concentration of each of these complexes is

affected by chloride ion concentration and PH.

.
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TASLE 1

Complex Equilibriawith Hg (II) in
Aqueous Systems

Equilibrium log K- Ref.

Hg* + Cl- = Hgcl
+

Hg++ + 2C1- = HgC12

Hg++ + 3C1- = HgC13-

Hg++ + 4C1- = HgC14=

Hg++ + Cl- + OH- = HgCIOH

Hg* + OH- = HgOH+

Eg++ + 20H- = Hg (OH)
2

Iig+++ F- = Fig F+

Eg* + NH3 =
-1+

Hg~3 .

In++ + 2NH3 = H9(NH3)2++

Hg* + 3NH
*

3 = Hg(NH3)3

Eg’+
+++ 41.%3= :<~[s-23)~

EIg++
++ cx- = Zgcx

Hg- + 2CN- = Hg(CN)z

Hg++ + 3CX- = Hg (CN)~-

Hg++ + 4CN- = H9(CN)~=

Hg++ + CN- + OH- = HgCNOH

Hg* + 2SCN- = Hg (scN)z

Hg* + 3SCN- = “Hg(SCN)3-

Hg++ + 4saa- = Hg(SCN)4=

l!g+++ S& + Cl- = HgCISCN

nq++ + S04= = ?igso4

Hg++ + W3- = HgN03+

Hgs(=) +s== HgS2=

Hgs (~, + 2HS- = HgS(HS)2=

Hgs(S, + 2H2S = HgS(H2S)2”

7.33,7.36 5,4

14.15,14.16 5.4

1s.15,15.01 5.4

15.81,15.72 5.4

18.87,18.25.18.28 12,4

10..53,10.92

21.83,22.64

1.56

8.80

17.50

18.50

19.2a

18.44

34.5.35.36

38.7,39.19

41.0,41.95

29.43

17.26,i8.37

19.97

21.69

16.98

2.60

0.16

0.48

-3.60

-4.31

‘9s(s) ‘= - + H2s = Hg(HS)3- ‘-3.59

12.4
6.4

1.4

1,4

14 “

3

3

3

3

4
. .

10.4

10,4

10,4

11

16,17

16

16

17

13

14

2.

2

2

2

.
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TABLE 3

Calculation of Mercury(II) Complexes from
4 Wisconsin Rivers

cl- Decimal fraction of:
Z..a=ation (ppm) PH HcjC12 HgCIOH Hg (OH)~

Mississippi River 6.6 8.0 < 0.01 0.08 0.92

Wisconsin River 6.2 7.6 < 0.0+ 0.17 0.83

MLlwaukee River 26.2 8.1 < 0.01 0.22 0.78

Fox River 13.9 7.5 0.02 0.3s 0.63

TABLE 2

Possible Concentration Range of Inorganic Li~znds.
Which Complex Hg(II) in Natural Water sys=e~.s

Ligand M (moles/l)

cl- ,, 10-s to 10-2

on- ~o-lo,to lo-s

F- trace to 1~-4

‘3 trace to 10-=

cN- trace to 10-5

sc2v- trace to 10-6

S04= 10+ to 10-4

xo3- 10-6 to 10
-3

OH

Fig. l-Effert 0{ varying Ca(N03), and GC12 eonsenma@n* an
adsorptionof Hg by benton,ta as funaon of PH (initial Hg ‘m
centralion . 10W].

.



1:9

See 5.5

1.10

Fleischer gives a review of the literature through 1970 on the occur-

rence and distribution of mercury in the environment. M annotated bibli-

ography is provided. More recent data are presented in some of the papers

in Category 5.

.

/

. .



Category 2. Diffusion of mercury vapor through soil:

Mercury vapor is strongly adsorbed by some clays,

equilibria can be represented by Freundlich isotherms.

and the adsorption

Saturation 1s rela-

tively slow and resorption into the gas phase 1s difficult. Soil bacteria

appear to play a significant role in the volatilization OP mercury from

soil, presumably by converting oxidized forms or organomercurials into

metallic mercury, which is lost by vaporization. An increasing soil

moisture level is observed to reduce dramatically the rate of mercury

vapor diffusion through soil columns. Mercury compounds other than the

metallic vapor are observed in the atmosphere. The amount of mercury in

the atmosphere above a given location

temperature and barometric pressure.

around natural sources of the element

is found to vary with soil surface -

Mercury concentrations in 3011
“1

diminish rapidly with distance from ; .

the source. No data on ground water around such deposits were Pound

although many such areas have been inhabited

Coal-fired power plants are observed to emit

initially present in the coal consumed; thus

distribution in the environment.

by humans for millennia.

99 percent of the mercury

producing wide-spread mercury



2. Diffusion of Mercury Vapor Through Soil.

2.1

2.2

2.3

2.4

2.5

Fang, S.C. “sorption and Transformation of Hercury Vapor

by Dry Soil”. Environ. Sci. Technol. 12, 285-288, 1978.

Trost, P.B.; Bisque~ R.E. “Distribution of Mercury in
Regidual soils”. R. Hartung and B.D. Dinman, (eds.) In
Environmental Mercury contamination. Ann Arbor Science,
Ann Arbor, Mich., 178-196, 1972.

Rogers, R.D.; McFarlane, J. C. “Factors Influencing the
Volatilization of Mercury from Soil”. J. Environ. Qual.

tl, 255-260, 1979.

Lindberg S.E.; Turner R.R. “Mercury Emissions from

Chlorine-Production Solid Waste Deposits”. Nature 268,

133-136, 1977.

Poelstra, P.; Frissel, M.J.; Van der Klugt, N.; Tap, W. .

“Behaviour of Mercury Compounds in Soils: Accumulation ;

and Evaporation”. Symposium on Comparative Studies of
!Food and Environmental Contamination. LiEA, Vienna, 281-

291, 1973.
. .*

2.6 Lindberg, S.E.; Jackson, D.R.; Huckabee J.W.; Jansen
S.A. ; Levin, M.J.; Lund, J.R. “Atmospheric Emission and
Plant Uptake of Mercury from Agricultural Soils Near the
Almaden Mercury Mine”. J. Environ. Qual. ~, 572-578,

1979.

Lindberg, S. E. “Mercury Partitioning in a Power Plant

Plume and its Influence on Atmospheric Remova 1
Mechanisms”. Atmos. Envir. 14, 227-231, 1980.—

2.7

2.8

2.9

2.10

Fang, S.C. “Studies on the Sorption of Elemental Mercury

Vapor by Soils”. Arch. Environ. Gontam. Toxicol. lJ,

193-201, 1981.

Johnson, D. L.; Braman, R. S. “Distribution of

Abnospheric Mercury Species Near Ground”. Environ. Sci.
Technol. ~, 1003-1009, 1974.

McCarthy, J.H.; Meuschke, J.L.; Ficklin, W. H. ; Learned,
R.E. ‘lfercury in the Atmosphere”. In Mercury and the
Environment. U.S. Geological Survey Prof. Paper No.

713, 37-39, 1970.



2.1

Fang determined the vapor-phase mercury adsorption by the solid mate-

rials listed in Table 1. Two grams of each of these materials was used in

the experiments. Table 2 shows the amount of vapor adsorbed as a function

of the vapor concentration. Figure 1 illustrates that the data can be

represented by the Freundlich isotherm equation. Table 1 contains the

experimental constants required to apply this relationship to the

materials studied. Experiments were performed to determine the time

dependence of the adsorption process and tc determine the saturation

capacity of the materials for mercury vapor. These experiments were

carried out for 17 days and saturation was not reached for any of the

materials. Figure 2 shows the interesting r,esultsof this series of

experlment3. Note that illite rapidly adsorbed mercury while

montmorillonite absorbed very little vapor. Unfortunately, kaolinfte was

not included in this experiment. It was noted that mercury wag not

removed from the 5 soils listed in Table 3 after vacuum desiccation or

heating to 110° C. Mercury is tightly bound to these soils, but the exact

bonding involved could not be determined. Plant uptake was studied, and

it was observed that the mercury content of the leaves and seeds was

highly correlated

mercury content.

with the soil Hg2+ content and not with the soil total

.



Tablei. SorptionofZ03Mercu,yVaporby Five Montana

‘soils, Clay Mineral% and Olhem

and Ollu-

ANadab
Campspassb

HelUla

6ainvilleb

let-t-ya

sad

Kaolinile”

Ewwonitee

Illite #35’

Montrrmrilbnite #25’

Metabemonite #38’

Cellulose p0wde4

my straw

Humic acid, technical

Paalo

CtUrcoa.1

Cwg.& a.,
m.tt”, .-10-.

pM % %

8.1 2.7 40

6.6 11.5 25

8.3 2.9 25

7.5 3.2 29

8.3 1.6 12

%@ ,,pm
-w

urn”

0.018
0.077

0.076

0.072

0.015

0.002

0.004

0.021

0.308

0.008

0.059

0.004

0.011

0.170

0.146

2.943

●Sa@nws~cdtw 24hlnmMWW@w8 .snIahlrWg rs.9 “g %!g

vawld. * Kindly pmvnled by Lt.&sail OaVMWWU. Orsgm slam Umvarsoly.

S@aca sod wIas (0-20 cm dq?m) cOlleclad IrOWI wculrivatao SIMS in
mti=eti~- wtiswuu+~~

InC .

“i

..”

Table IL Uptake of 203Hg Elemental Mercury Vapor by Dry Soils and Clay Minerals at Various Vapor

Concentrations

%a ..00? Co.lc.alv*tloa. pg,ml AeSwPlm
a5. 1.s. 13s.88. 18s. 19. 208.s7. Cllmxt”lsl,en

A.J8U8* #g/2 a* “Ma Q J@.? s #’#a a . h

Awac!a 0.016 0.026 0.057 0.080 1.79 4.89 x 10-*
Camospasa 0.045 0.084 0.152 0.191 1.60 3.52 X 10-5
Heldl 0.037 0.065 0.126 0.147 1.56
%mville 0.0s2

3.40 x 10+
0.094 0,183 0.217 1.63 3.54 x 10-~

Teny 0.016 0.028 0.054 0.062 1.56 1,50 x 10+
llliIe #35 0.383 0.607 0.692 0.948 0.91 6.71 X 10-3
Kaolinite 0.00s 0.011 0.028 0.020 1.74 2.28 x to-o

Bentonite 0.017 0.035 0.079 0.10s 2.07 156 X 10-*
● Tw+g’am swnple .as e.~,m fw 24 h !man amKI@WIe conlamtng vawws +lg vac.n cc.ncsnuatm,n

TableIll.TotalandMercuricMercury Content of Five
Montana Soils Before and Af!er Cultivation

TOW%ig cant-
w— nUUUq

~ ~q ❑“””% ~ ““” ~
sOO#

Arvada 8.25 8.08 1.66 20.1 0.44 5.4

Campspas.s 20.03 22.21 0.42 2.1 0.99 4.5

Held 19.80 21.75 i.44 22.4 3.78 17.4

Eahville 40.05 36.70 4.04 10.1 3.78 10.3

Teny 7.20 4,56 1.97 27.4 0.41 8.9

-28-
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2:2

See 7.10

2.3

Rogers and

extraction with

McFarlane studied mercury loss by vaporization and by

an ammonium nitrate solution from a variety of soils

amended with Hg2+. An initial rapid loss of mercury was observed,

followed by a more gradual decrease in the soil mercury content.

Sterilized soil had a much lower rate of mercury volatilization and

inoculation

rate. This

of sterile soil containing mercury increased the evaporation

work supports the contention that a number of common soil

bacteria are capable of rapidly reducing Hg2+ to the metallic form. .

Volatilization from a clay soil was observed to proceed at a much lower
1

rate and the role of bacterial reduction was less clear. . ?

.,-.



2:4

Lindberg and

waste impoundment

Turner investigated ❑ercury losses from an abandoned

associated with an inactive chloralkali plant. The im-

poundment ha3 a surface area of approximately bQ ha and an average mercury

concentration of 150 micrograms of mercury per gram of residue. The esti-

mated annual loss of mercury to the atmosphere is 36 kg and that to

surface water ig 38 kg. Unfortunately, no attempt was made to study the

effect of this site on ground water. The site 1s a homogeneous source of

known surface area making it valuable for ground water contamination

modeling:

.



2:5

and

Poelstra et al. looked at the location of mercurY in natural soils

at the water-borne migration of three forms of mercury (the metal,

mercuric chloride and

experiments. Figures

displaced through the

methylmercuric chloride) through goils in column

3 through 5 illustrate that fnercuryWas not

column to a significant extent.

Cone203Hg la~kd Hg Cl?

m-Depth \.
cm. +-“. .+

4 ‘-~<
~->

.. ...
— Start
----- After 7 month

FIC.3. k,.ltof leachbgcmmnulna colum wldI%g-@lwUcdHg~.

Conc203tkglabeUed metallic Hg

‘T==h
FIG.4. RC,UICo( Icachq .Xfxrlmenu In ● columm w,dl ‘Hg-lztdlcd nwull,c Hg.

bCm~kbOhd CHqHgCl

Depth
cm

4

8

r

— start
— Af&6montb

12

FIG. S. Retult of leaching ●z’pcramcacam a WIumn wllh ‘H&lMledOi,H@.

.

L---



2.6

Lindberg et al.

uptake of mercury by

determined mercury emission to the atmosphere and the

plants in the vicinity of the mercury mines near

Almaden, Spain. AS indicated in Figure

the soil surface decreased rapidly with

Plant uptake experiments indicated that

plant leaves. In the plant

ly 75$ of the mercury taken

portions. Mercury emission

1, the concentration of mercury at

increasing distance from the mine.

mercury vapor was absorbed by

species studied, it was found that approximate-

up by the plant resided in the above-ground

rates from soil were found to depend on soil

temperature. It is postulated that soil mercury species are reduced to

HgO in the soil zone and then lost by evaporation.
.

U-——_—T

o ALMAO~N

. SOIL COLLECTION SITES

● “ALMA.O~N SOIL-

50

H

* ‘CONTROL SOIL”

●E

h:. -
!F . !Okm

G
H\I J K

o
*

0 5 !0 Is 20 25
OISTANCE FROM MINE SITE (km)

Fig. l-S(udy ●u mnd co~frdows of total Hg in surfscc soils
mcsrtkAlms&! .c+matmrmine.



2:7

Lindberg looked at the emission of mercurY from a coal-fired power

plant. He found that less than 1% of the ❑ercWY contained in the coal

feed is retained in the plant.

is associated with ash and 92%

Of the 99% plus emitted, approximately 7%

is in the vapor phase. Vapor emi3sion is

conducive to wide-spread distribution

deposition. Precipitation scavenging

loss mechanism.

of the mercury rather than local

appears to be the major atmospheric

.



2.8

Fang evaluated the tendency of a number of soils to adsorb mercury

vapor over a range of soil moisture levels. Table 1 characterizes the

soils Ztudied and Figure 1 showg the amount of mercury vapor adsorbed by

each. Maximum adsorption was observed at a moisture content corresponding

to soil saturation. Mercury vapor diffusion experiments were carried out

with dry and essentially

tion into columns of all

of time on the amount of

saturated soils. Figure 3 shows mercury penetra-

of the soils studied. Figure 4 show the effect

mercury present along the length of a column.

While the amount of mercury present at a given depth increases with time,

the diffusion rate remains constant. Figure 5 illustrates the dramatic

effect of soil moisture on vapor diffusion through soil. As observed by

0re5augh and Hale, moisture greatly reduced diffusion through soil. Fang

suggests a relationship to describe mercury vapor diffusion through soil.

The relationship and constants resulting from this study are given in

Table 3.

Table 1. Chemical and physical propcmcs of xkcted eastern hlontarm soils

WaIW holding

Organic Cation Capacity

nwter sand Sill C1.y e.~change 1/3 bar saturation
Soil —— — cq-wltv —

sample pH % .-; ~c 7. meqlCOg -C 7.

Arvada 8.1 2.7 35 2s Jo 22.2 31

Campsp35s

54
6.6 11.5 Iv 56 ?5 :3.5 33 80

Hcldt 8.3 2.9 27 48 25 11.4 21 5:

BaInvIlk 7.5 3.9 :9 4: 29 15.8 2! 45

Terry 8.3 1.6 74 14 1? 8.4 10 3?



Table 3. Sorption chamctcristics and diffusivity cocfllcicn[ (Or mercury vapor of five Monuna

surface wits as mcawred in soil column s[udy

(h(crcury vapor concentr’won = I pglma: the mercury vapor di~usion profile is expressed

in the form of y = se-h’)

Moisture Expawre Correlation

content time Cwflicicn[

Soil % day a b r

Awada air dry “1 0.413 0.097 0.95
Campspass air dry 1 1.219 0.260 0.9Y
Hcldt air dry 1 0.714 O.lw 0.99
Bainbille air dry 1 0.934 o,~63 0.99
Terry air dry I 0.41FJ 0.160 [).96
Campspass air dry 1 1.382 0.205 0.99
Campspms airdry 3 3.348 tJ.16u 0.99
Campspass air dry 5 4.18[ 0.212 0.97
Campspass 20 I 16.733 0.675 o.%

.

sod MOOS*WSCMW.”*, *

Fig. 1. In flucnce”of soil moisture contenl on the mrpwan of “H@ elemental mercury vapor. Soils

exposed for 24 hr of air conlain!ng 1 AU or XF3 pg per m’ mercury. O, Arvada: Ocampspass: @

Held!; A Bainville: and . Terry
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2.9

J0hn90n and BraIoarzdetermined the mercury compounds present in the

air in the Tampa Bay area. A3 indicated in Table 2, they found signifi-

cant quantities of compounds other than elemental mercury vapor.

Table Il. Mean Values of Day and Night Mercury Species Concentration. and Percentages of Total
Mercury at Station 1 for PerJ$ Septemberti~~;~2&1973

o.:m:+kla~ .
ti5(cMJz

Tim.

Me. d

HE(I1) lYPO Maic ty-p. n!J- Omm : MS ,, IUO*

Day 0.27(670) 0.66(19%) 0.63(1+;;) 2’.57(6G-.) 0.05(17.) 4.$8 19

Night 0.17(2%) 1.5W(19%) .1.56(19%) 5.03’(6070) 0.06(<1%) 8.:0 13
.rIgjln*.&GCIUdiO~the.WU.S101meswm@eO0004200W Seotemlrer 26.

.



2.10

McCarthy et al. found evidence in the literature that the mercury

content of the atmosphere above a give area depends on the temperature of

the soil and changes in barometric pressure. The dependence on atmospher-

ic pressure seems to be a result of “soil breathing,” with the maximum

atmospheric concentrations being observed at the maximum rate of decrease

in atmospheric pressure.

.



Category 3. Volubility and Stability of Mercury in Environmental Waters

Information is available on the volubility of mercury ❑etal in very

pure water and on the complexes formed by

EhJpH diagrams are discussed in Category

adsorb strongly onto colloidal iron oxide

substantially

volubility of

humics, etc.)

increasing the total amount of

mercury in water. A number of

have been reported to strongly

mercury in various solutions.

Mercury has been reported to

and manganese dioxide particles

suspended mercury above the

soil components (clays,

absorb and retain mercury.

An important observation is the high volubility of mercury in some organic

solvents relative to its volubility in water. TtIisraises the possibility

of a higher mercury flux in percolating water contaminated with an organic -

solvent.

Many of the papers in

109s from solution. These

indicate a strong tendency

this category deal with

papers are not entirely

for mercury in water to

plus two oxidation state to the metal or a complex

from the solution.

“~
.!

observations of mercury ~

consistent, but they do

be transformed from the

which is then removed



3. Volubility and Stability of Mercury in Environmental Waters.

3.1
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3.3
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3.7
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3.9
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3;1

Onat has provided a careful determination of the volubility of metal-

lic mercury in very pure water. Interestingly the technique he used is a

calorimetric method quite different from the cold vapor method commonly

used today. Table ? gives his volubility data. Figure 3 demonstrates the

results can be represented by the Clausius-Clapeyron equation which can,

therefore, be used to extrapolate to solubilities beyond the experimental

temperature range.



3.2

Toribara, Shields and Koval studied the redistribution of 203-Hg bet-

ween a number of solutions as well as

Hg2+ appeared to be a requirement for

3.3

metallic mercury. The presence of

tracer uptake by a solution.

Feldman investigated mercury loss from dilute solutions containing a

variety of compounds expected to improve the stability of the Hg2+ in 3olu-

tion. Glass and polyethylene containers were used. Solutions containing

0.1 mg of Hg2+ per ml were found to be stable in glass if the solution

contained 5% HN03 and 0.01% (Cr207)2-. Stable here means the mercury

stayed in solution in

technique being used;

0.05$ H2SOU and 0.01$

a form which could be detected by the analytical .

“~
cold vapor atomic absorption. Solutions containing

.<
.~

KMn04 were observed to lose mercury at a substantial

rate. It is hypothesized this was due

hydrated manganese dioxide produced as

present in solution.

to scavenging of mercury by

a result of oxidation of compounds



3.4

Yamazaki, Dokiya and Fuwa investigated the loss of mercury from a

variety of water 1

the various solut:

able to assume it

ypes as shown in Figures 1 and 2. The compound added to

ons for study is not

contained 203-Hg2+.

polyethylene, 40$ of the activity was found distributed uniformly over the

specified, but it seems most reason-

For distilled water contained in

container walls. For pond water, more of the activity was found at the

bottom of the container indicating sorption followed by settling. For sea

water, 60% of the mercury vaporized.

.

100

I (3)
I
I

2 7 15

4
(2)

‘b------*-----------
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added to (1) pond water, (2) sea water. (3) distl;led wa~er ana
(4) artificial sea water. 100 ml polyethyleneco!stainerswere
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16

Weis9, Shipman and Guttman looked at methods for preventing the loss

mercury from variou9 types of water. They found that a hot leach using

MHN03 as a pretreatment for polyethylene containers prior to adding the

mercury solution was effective in preventing mercury loss. They postulate

this result indicates the presence of agents either

incorporated into the surface which are involved in

These agents reduce the Hg2+ in solution to ❑ercury

on the surface or

the loss mechanism.

metal which then

diffuses into or through the polyethylene. Cysteine, at the level of 10

mglliter, was found to be effective in preventing mercury loss.

3.6
.

Lo and Wai investigated the stability of mercury in solution in

1
polyethylene bottles using 203-Hg2+ tracer. They observed that adding . ?

enough HN03 to lower the pH to 0.5 effectively prevented

tracer onto the bottle walls. It wag also observed that

oxidizing agent, K2Cr207

prevent the reduction of

the nitric acid with onet

loss from solution. The

at 0.05% or AU3+

Hg2+ to Hg metal

of the oxidizing

at .2 ppm, was

adsorption OP the

a strong

required to

with subsequent loss. Combining

agents effectively elimimted

study clearly indicated two loss mechanisms;

adsorption onto the container surface and reduction in solution followed

by loss by volatilization.

-L 7-



I

3.7

Mahan and Mahan investigated the effect or rinsing polyethylene con-

tainers with natural water low in mercury prior to introducing the same

natural water containing environmental levels of mercury. This treatment

seemed to reduce the rate of mercury loss as indicated in Figures 1 to 5.

,-: 1, , t 1 I , , t ,
1 4 6 # 10 2 4 ● a (01

!. w..,. 0.,.

F@rel.PlotSof PeWantretention vS.tirnefOr=umgitDtOd l.Oppb
w solution made WI with Arkans River water and contained in a
polyethylenevessel previouslyrin+ and socked wilh river wa@r

1! 9 t , 1,,,,!!+
P ● b 1 ,0 * . . , ,a,, .

●. . . . 0.,. !.
Figure 4. Plots of percarM rettiion WY.Iinm for an tmagital&l ~.0 ppb
Hg solution nude up withtitii~~ di~til~ wat~ ~ CWI@W in ~
freshlycleaned polyemylane vessel
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14*1101 ... ,0s
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FigI#e2.Plots of pemmt rdention vs. Wne fm m agtated 1.0 ppbHg
adutiulmadeupwithArkansas Riva? walef and containedin a poiy-
dylene veeael previcwslyrinsedad snaked wim river water
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SOhJWJn-upwlmdeicahddiatwedw ateraldannaumdba freshfy
cleaned polyetbybana uxmin~
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3;8

Newton and Ellis studied, among other things, the loss of mercury,

presumably by volatilization, from solutions containing bentonite. At an

initial concentration of 203-Hg2+ of 10-8 M most of the mercury was lost

in the first day. At 10-6 ❑olar approximately half of the mercury was

lost the first day. Loss of the mercury in solution wa9 more rapid than

loss of the mercury adsorbed onto the clay.

3.9

Jenne and Avotins reviewed the literature on mercury stability in

solution. There is a particularly interesting section on biological eP-

fects. Spangler et al. for instance speculated that the failure to find

methylmercury in sediments is due to the presence of bacteria capable of

degrading it to metallic mercury.

,,-.



3.10

Avotins and Jenne carried out a series of experiments which demonst~a-

ted the role of certain bacteria in the conversion of Hg2+ to HgO with

subsequent loss by volatilization, adsorption onto the container walls, or

absorption by microbial products followed by settling. Figure 1 illu-

strates their results.
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3.11

See 1.5

3.12

Carden prepared solutions containing 10 ppb of Hg2+ and observed the

concentration of HgO in the solutions as the total mercury concentration

decreased. See Figure 3.

Total mercury

STOSACE TI.xS (days]

Fig.]. Total mercury and w(o) -=nt-ions
in solutions concalnxnq 0.05! (w/v) K2CKZ0, at

PH-4 .6.



3.13

Benes starting with dilute solutions containing Hg2+ attempted to

determine the compounds present, their states of aggregation and particle

size distribution and their mobility. The interpretation of the results

is as follows: dilute solutions containing Cl- in the pH range Cl to z

will contain HgClz. This compound is not strongly adsorbed by suspended

solids or the container surface. In the pH range 2 - 4, a mixed compound,

HgCIOH, is formed. At the high end of this pH range, a mercury containing

solid is formed which can be centrifuged out. This solid is not Hg(OH)2

or HgO because the volubility of these compomds is too high. The

particulate is believed

solution particulate.

predominate in solution

to be a pseudocolloid of ❑ercury adsorbed onto

In the pH range 4 - 12, Hg(OH)2 is believed to “i
.F

and a decrease.in centrifugable mercury 1s .&

observed. Above pH 12 the centrifugable mercury increases perhaps due to

increased particle loading in solution from contaminated base used to

adjust the PH.

.



3.14

Jenne reviewed the literature on mercury migration in solution

through 1970. sOUle relevant observations follow. Mercury forms stable

complexes with a number of organic materials found in natural waters inclu-

ding proteins containing sulfhydryl groups and humic acids. The quantity

of mercury associated with suspended particulate may be greater than the

quantity in solution in natural waters. Microcrystalline iron Fe203 -

nH20 at 30,000 ppb will absorb 90 to 95% of mercury present in a solution

with an initial concentration of 200 ppb. !-lontmorilloniteis one tenth as

effective in removing mercury from solution. The most likely sites for

mercury adsorption on clays are the microcrystals of iron oxide pregent

and the manganese oxide coatings. The compounds ❑ost likely sorbed by

clays

clays

include HgC13-, HgC142-, Hg2C12 and HgC12. While the capacity

for mercury is low, the element is difficult to displace once

adsorbed. Mercury at trace concentrations was rapidly sorbed by

microcrystalline oxides, peat moss and soils. Only a small fraction

the mercury was removed by tap water or 0.5 NaC1.

of

of

.
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3:15

TrO!3tand Bisque studied the

determined the volubility of HgS,

solution containing 850 ppm

Tables 30 and 31. Table 32

sample of each of the soils

humic

Shaws

distribution of mercury in soils. They

HgO and Hg2C12 in distilled water and a

acid. The results

the amount of Hg2+

listed. Figure 23 shows

are presented

adsorbed by a

the effect of

in

2 gram

humic

acids in solution on the amount of Hg2+ adsorbed by illite. Figure 24

shows the effect on adsorption by montmorillonite. The exchange capaci-

ties observed were 9.5 meq Hg2+/100g of montmorillonite and 7.50 for

illite. Table 35 gives the sorption capacities of various soils for

mercury vapor at two temperatures.

Table 30

Increase in RgS Volubility by the Presence of
Humic Acid Solutions(EA)After90 Days

SOmple plf Ek (MO) Hg (pbb)

WA+ HgS 5.0 +185 450.0

6.0 +3s5 48.0
7.0 +1.!bs 10.0

Distilled
H20 + HgS

5.0 +150 15.0

6.0 +140 0.0
7.0 +130 0.0

Table 31

Solubilitiesof MercuryCompoundsin HtsnicAcid
Solutions(HA)and in DemineralizedWater (H20)

After 60 Days

SoZubility
Volubility Volubility.

Sa.rple
in H.&ook

in HA (ppm) in /720 (pp.n)

HgO 200 68.0 52.0

Hg2C12 12.5 2.50 2.0



.

Table 32

Mercuric Ion sorptionon Humic-rich vs. Clay-rich

S=ples at pH 6.0

sumpZ4 Hg* sorbed Y

Peat 1000
Pine Hull 750
Kaolinite (API 04) 100
Illite (Beaver Bend) 350
Xontmorlllonite (Wards #26) 300

Table 35

Sorption of Mercury Vapor on Runic-Rich and
Clay-Rich Samples

Rg” sorbed after Hg” sorbed after
5d14sat30*o.5”c 5c@3at35*o.5”c

SQ7Qh (in ppm) (in ppm)

Peat 24.0 1050
Pine Mull 20.0 226
Illite 4.5 not determined
Montmorillonite 1.0 116
Kaolinite 0.8 6.8
Activated Charcoal 135.0 not determined
Ground Glass <0.1 not determined
NaCl <0.1 not determined

.
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3.16

Klusman looked at the concentrations of a number of metals in the

ground water around the Front Range Mineral Belt in Colorado. Mercury is

one of the

ence could

elements found in the mineralization in this area. No ’difPer-

be detected in the mercury content of groundwater from highly

mineralized areas and that from nonmineralized areas. This was not the

case for some other elements such as Cu, Zn and Fe.

3.17

Turner and Lindberg, as a followup to 2.U, studied the fate of mercu-

ry seeping out of two abandoned waste ponds formerly associated with a

chloralkali plant. These ponds have a surface area of UU ha. The mercury .

content of the first meter of one of the settling

microgramslgram while that of the second meter of

ponds was about 200
‘1

soil was about 50. The : *

total mercury content of one

exact chemical nature of the

at least partially elemental

of the ponds with

mercury present.

ground water were

3.18

See 2.5

3.19

rain water

of the ponds is estimated at 90,000 kg. The

waste is not known, but it is believed to be

mercury. Extraction of surface soil from one

at PH = 3.8 removed

Again no studies of the impact

performed.

less than 2% of the total

of these sources on

Reichardt and aonhoeffer found the volubility of ❑ercury in hexane to

be 6.5 mg/liter at 65” C.

.-,



Category 4. Transport of mercury on colloids

Mercuric complexes have been observed to bind to irOn and manganese

oxides; potential soil colloids. Binding apparently occurs at surface

hydroxyl groups and is favored over a broad pH range. The binding of mer-

cury to clay has been found to be a strong function of the type of clay,

the solution pH and the presence of completing ions.

.

-<R-



4. Transport

4.1

4.2

4.3

4.4

of Mercury on Colloids

Eichholz, G.G.; Wahlig, B.G.; Powell, G.F.; and Craft, T.
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by Particulate Transport”. Nucl . Technol. ~,511-520,
1982.
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Mercury Traces in Aqueous

Chem. 31, 1923-1928, 1969.
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4.1

Eichholz, Wahlig, Powell and Craft investigated the role of suspended

particulate in the migration of radionuclides through various naturally

occurring solids. The solids studied included sand, basalt, limestone and

shale. Prior to the study the solids were passed through a 40 - ‘jOmesh

sieve and packed into columns. Cationic nuclides were found to adsorb

onto the clay (kaoline) used as the mobile particulate. For nuclides

which adsorbed, this was found to be a significant migration pathway.

.
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0.2

Kinniburgh and Jackson studied the adsorPtion of Hg2+ by an iron

hydrous oxide gel suspension. They considered the role of Cl- and OH-

ligands in the adsorption process and concluded that HgCIOH and HgC12 are

not strongly adsorbed. They postulate Hg2+ ions are coordinated with two

surface - OH groups forming a stable Hg(OH)2 like surface complex. Table

1 shows the extent of adsorption a.ttwo pH values and

extent of adsorption as a function of PH.
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0.3

Lockuood and Chen observed that mercury is strongly adsorbed by

hydrous manganese dioxide. Adsorption increased with increasing pH and

decreased with increasing chloride ion concentration. Mercary appeared

complexed at the solid surface by - OH groups. The adsorption data was

fitted to a Freundlich L.sotherm.

4.4

See 3.13

.



5. Models for Mercury Migration Through the Environment
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Category 5. Models for mercury migration through the environment

The models identified do not deal with the migration of mercury

through soil into ground water. They do, however, raise a number OP inter-

esting points. Data on the migration of mercury from concentrated natural

sources are available as are data on major sources derived from human acti-

vity. These papers provide a reference for considering the

lem. The global ecology of mercury is complex as indicated

reviewed. The role of completing agents

is discussed. The importance of organic

mercury is discussed.

and methylation on

mercury prob-

by the models

Eh-pH diagrams

constituents in silt in retaining

.
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5:1

Lassiter and Malanchuk developed a detailed numerical model of

mercury partitioning in a stream ecosystem. Figure 1 shows a schematic of

the elements of the model. This model might be modified to predict

mercury migration from a burial trench.
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Fig. 1 Schematic representation of the components, transforma-
tions, exchanges, and transport pathways represented in the mcdel.
Oxidation, 1; reduction, 2; volatilization, 3; methy]ation, 4; de-
methylati>n, S;sediment—water exchange, 6; flow dispersion,7.



5.2

Rae and A9tOn studied mercury in water and guspended solids at 8 sta-

tions along the Wyre Estuary. They found tOtal mercury was strongly corre-

lated with the amount of Particulate PreSent and that the mercury actually

in solution represented a negligible fraction of the total ❑ercury budget.

A high correlation was alSO found between the tOtal organic carbon content

of the suspended Particulate and the total mercury present. Increased

salinity was found to not materially affect the amount of mercury present

on particulate further confirming the theory that the ❑ercury is associa-

ted with the organics pregent and is not retzined by an ion exchange

process.
.



5.3

Kothny discusses the cycling of mercury in the global environment.

His model looks at the major environmental components (water, air and

soil) and the mercury transfer relationships within and between them.

Figure 1

soil and

cussed.

shows the global model presented. The movement of

the solution of mercury vapor by percolating water

Table 5 provides data on mercury levels in several

mercury in

are not dis-

Soil.s. Well

aerated soils from the American plains which have not been exposed to

artificial mercury sources are typically found to contain 0.07 @g of

mercury. It was observed that on several well drained and aerated soils

of pH 6 - 7, the ratio of mercury in runoff water to the amount of mercury

in the Al soil horizon was equal to 6 x 10-4 indicating a substantial

retention of mercury by surface soil.

Oxidation of mercury deposits (cinnabar) leads to the formation of

both mercury vapor and inorganic ❑ercurial. The inorganic are observed

to be retained by clays and hydroxides to travel relatively short

distances from the source. The vapor can be pumped by barometric pressure

changes leading to broader distribution.

Figure 6 shows the mercury content of plants grown in environments

containing varying amounts of ❑ercury. The plant samples were dried prior

to analysis thus losses may have occurred. Information about the chemical

forms,of mercury in these various environments is discussed. It appears

that complexed forms of mercury are not

mercury vapor is rapidly assimilated by

coniferae.

readily assimilated by plants, but

some species such as the

i
.?
, .-
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The final section of

the global mercury budget

states.

the paper presents artinteresting

with comments about possible past

discussion of

and future

.
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5.4

Gavis and Ferguson reviewed mercury cycles in the aquatic environment.

Table 1 contains mercury concentrations that have been observed in bodies

of water around the world.

The authors offer the observation that the

occurs depends on the redox potential and pH of

state in which mercury

its environment and upon

the nature

state that

containing

of the anions and completing agents present.

some important natural completing agents such

sulfhydryl groups ghould not effect the Eh-pH

They go on to

as those

diagrams

developed for these systems because the completing agents themselves are

not stable in water. It is obvious that such completing agents do play a

predominant role in the aquatic chemistry of

presumably due to the glow degradation rates

Figure 1 shows an Eh-pH diagram for the

mercury in surfce

of the completing

insoluble mere’ury

.

water “i
.+

agents. . ?

phases in

equilibrium with a solution containing 1 mmole each of chloride and total

sulfur. Figure 2 shows the soluble compounds and their approximate concen-

trations in the same solution. Note that the predominant soluble burial

ground species should be HgO, as predicted by Orebaugh and Hale. An obser-

vation of importance here is the higher volubility of HgO in some organics

such as hexane relative to water. Organic contamination of the ground

water could, therefore, increase the mercury migration rate.

The authors comment that, while thermodynamic data are not available

to demonstrate it, methylmercuric chloride and dimethylmercury should be

unstable in naturally occurring waters. Their presence in bodies of water

is due to kinetic barriers to decomposition. A study of the kinetics of

their decomposition in ground water would provide a basis for evaluating



the potent:

aquifers.

It is

al for migration of these organomercurials n slow moving

weathered each year.estimated that 1010 metric tons of rock are

The mean mercury content 1s estimated at approximately 80 @kg, thus

approximately 800 tons of mercury are released from rock into the

environment each year. Most of this mercury moves through surface water

systems. Terrestrial plants do not appear to concentrate mercury, but

plants grown in mercury-rich soils show correspondingly higher \

concentrations of

number of regions

California. Some

particularly rich

mercury. Mercury deposits (HgS and HgO) occur in a

including Almaden, Spain; Tuscany, Italy and in

hot springs and sedimentg near these deposits are
.

in mercury. Mercury transport away from these deposits
“i
.$apparently has little or no deleterious effect on the local environment. >

The natural release of ❑ercury to the environment by rock weathering

versus the release of mercury as a result of human activities is discussed.

Weathering has been estimated to release 800 tons of mercury per year and

Table 2 gives mercury production rates for major human activities. It is

estimated that approximately one third of the mercury produced from miner-

als (Table 2) is lost to the environment thus in 1970 approximately 8,1oo

tons of mercury were released to the global environment as a result of

human activity; 10 times the amount from weathering. It is interesting to

note that more than half of the “artificially” released mercury resulted

from the combustion of fossil fuels! Coal conservatively contains 1 mg/kg

mercury and the same value is givei!for oil.



T+ULE 1. NlCRCI’RY l\ X4 TLRAL WArFRS—$},LEcrZV ,\o:LD.\\,LX
REmRTTrl coxcEvmArKJ.5

Source and location \lercun (,’$ l-’ )
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5.5

Fagerstrom and Jernelov review the tran.9formation9of mercury in an

aquatic ecosystem. Figure 1 summarizes the transformations considered by

the authors. The paper discusses each compound indicated on the figure

and describes the environmental factors affecting its stability.

The authors discuss the effect of complex formation on the oxidation

of elemental mercury. They give the potential, ‘i,necessary for oxidation

of HgO to Hg2+ as

Hg
2+

- tot
E=850+3010g{ }

a

where a 1s the coefficient measuring the binding strength of the complexes
“i

between dlvalent merc&y and available completing agents. Unfortunately,
.?~ ..

neither a or tot are precisely defined, but a > 1021 is q~oted for organic

sediments from lakes. The implication here is that HgO can be oxidized to

Hg2+ at a substantially reduced potential relative to that given in

Orebaugh and

agents. The

Hale in Figure 3-2 in the presence of organic completing

relevance of this observation to the SRP burial ground is,

however, quite uncertain. The completing agents discussed here are

organic materials containing sulfhydryl groups and these materials are

normally observed in suspended particulate in the water column of bodies

of water. If

trenches they

such particulate are present in the soils of the burial

may enhance the conversion of HgO to Hg2+ but they will then

in turn bind the

ligands involved

through the soil

Hg2+ in the form of a strongly bound complex.

are associated with a particulate too large to

matrix, the mercury will remain immobilized.

If the >

move



These authors also briefly discuss binding to kaolin and the effects

of coprecipitation with iron or mangenese. A brief description of the “

formation of methyl amd dimethyl mercury is also given.
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5.6

Frades et al.reported

mercury around the mercury

the early stages of a study of the

mines in Almaden, Spain. A single

impact of

well defined

ore body of cinnabar and quicksilver in a vertical bed of quartzite is the

only naturally occurring mercury for hundreds of miles around. The ore

body has been exploited more or less continuously since the Carthaginians

and shows no signs of exhaustion. The mining and smelting operatio~ are

in close proximity, thus mercury is introduced into the environment from a

‘Ipoint”source. Despite the very long period over which mercury has been

emitted as a result of human activity, there are no obvious adverse envi-

ronmental or health effects. This study, which was in its early stages at

publication of the article, was designed to quantitatively evaluate the

mercury flux and its effects on the surrounding environment and population. ;

ORNL was a participant in this study.

5.7

Bernard and Purdue suggest human metabolic models for both methylmer-

cury and elemental mercury. A three-compartment model was developed for

the elimination of methylmercury while a four-compartment model was

required for elemental mercury.

5.8

The U.S. Geological Survey prepared a general review of mercury in

the environment in response to the developing concerns of the late 1960’s

over artificial mercury sources. This article swmarizes the natural abun-

dance and distribution of mercury in the environment.



5.9

Shacklette reported data on mercury assimilation and translocation by

plants. Plants growing in soils containing “normal” amounts of mercury

contain less than 500 ppb where as plants grown in high mercury content

soils contain 2 to 7 times as much.

found in plants with roots directly

5.10

The U.S. Geological Survey tabu.

Very high concentrations have been

n contact with cinnabar.

ated data on the mercury content of a

wide variety of environmental constituents. Analytical techniques have

improved significantly since ❑ost of these studies were performed.

.



category 6. Analytical techniques

The analytical method in widest use remains the so called cold vapor

atomic absorption technique. Instrumental neutron activation analysis is

an alternative technique capable of comparable sensitivity. Investiga-

tions dealing with the possible effects of mercury adsorbing colloids on

the accuracy of cold vapor results could not be located although an obser-

vation in paper 7.6 could be explained by retention of Hg on solution

colloids.

.
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6.Q

for

Lawrence et al. describe a simple

the determination of mercury. The

inexpensive and sensitive method

authors report a precision of 2.9%

(RSD) for 1.0 ml containing 10 ng of mercury (II). Factors involved in

obtaining optimum performance include, sample mixing, flow rate, volume

and depth of injection needle in the

6.5

Simpson and Nickless describe a

ratus. They claim a

mum sample volume of

6.6

detection limit

20 ml.

reduction vessel.

dual aeration chamber cold vapw appa-

of 12.5 ppt

Minagawa and Takizawa describe the use of a

tration for the simultaneous detection of traces

mercury in fresh water. The resin contains

bind to mercury but not to alkali and alkal.

eluted with a thiourea solution. The detec’

for both forms of mercury.

6.7

for mercury at the maxi-

.

chelating resin preconcen- “1
.?

of inorganic and organic “ s

dithiocarbamate groups which

ne earth metals. Mercury is

ion limit reported is 0.2 rig/l

Goulden and Anthony show how total mercury in natural waters can be

separated into three classes of mercury compounds. Changes in the reduc-

tion scheme allow for separation of inorganic mercury, arylmercury com-

pounds and alkylmercury compounds. The authors report a detection limit

of 1 ng of mercury per liter under optimum conditions. They conclude that

trace metals acting as catalysts pi~y an important role in the reduction.



6.1

Hatch and Ott outline a procedure for the determination of mercury in

water by reduction-aeration. The authors report a sensitivity and accura-

cy for mercury determination in the range of 1 ppb.

6.2

tion

of a

Hawley and Ingle

determination of

reduction vessel

discuss improvements in the cold vapor atomic absorp-

mercury. Their discussion centers around the degign

which enables the mercury to be concentrated in a

small volume of carrier gas,

limits are reduced from 0.02

optimization of instrumental

thus improving sensitivity. The detection

ppb to 1 ppt Hg(II). They discuss the

parameters for the lowest detection limit and

talk about ways to avoid loss and contamination.

6.3

Oda and Ingle discuss their development of a continuous sample intro-

duction reduction vessel to replace the normal once through discrete sam-

ple reduction vessel. An advantage of continuous sample introduction is

elimination of sample introduction and flushing cycles. The disadvantages

of using this vessel are reduced sensitivity, poorer detection limits and

longer analysis times.

01



6.8

Hutton and Preston discuss capabilities of a simple non-dispersive

fluorescence spectrometer. The authors claim comparable detection limits

to more complex systems. Their results are shown in Table 1.

TABLE I

COMPARISON OF DISPERSIVE AXD SON-DISPERSIVE DETERNIS.+TIOS OF MERCURY IN

EXTRACTS FROM ESTU.4RIXE SEDIJIEXTS .+XD SEA SIIRIMPS

Blank . .

: :;
3 . .
4 . .
s . .
6 . .
7 . .
8 . .
9

10 ::

. .

. .
.

. .

. .

. .

. .

. .

. .

. .

Sample volume =. 1I-III.
Mercury concentration/pg 1-1

.
Sedimcn@ Shrimps

~ -~
Dispcnive Sondispersive Lk.pcrsive ?.iondispemve

<1 <0.05 <1
14 10

<0.0’s
3 4,
3

;: 1; 3 :
3 3

: 1: 8 6
12

1:
3

12 ‘; 4
11 3 4

1: z
!:

4
13 —

.



6.9

Chapman

displacement

and Dale developed a simple apparatus which uses water

instead of an auxiliary gas stream to transfer equilibrated

mercury vapor to the absorption cell. Advantages of the apparatus include

elimination of window fogging and delivery to the absorption cell of

undiluted sample vapor.

6.10

Sanemasa et al. investigated a

applied to mercury ions absorbed on

direct reduction-aeration technique

an anion-exchange resin. The idea is

to remove the resin bound mercury ions witho~t

report that the extent of recovery is affected

bier, and that temperature affects the removal

acid and 8 ml of Tin(II)chloride are necessary

recoveries from the resin.

an elution process. They

by the shape of the bub-

time. Four ml of

to give quantitat:

.

Jsulfuric “

ve .i



6.11

Lutze compared a variety of cold vapor methods including gas-purged

partitioning, bottle aeration, syringe injected portioning and a dual bub-

bler apparatus. His results are shown in Table 1. Lower detection limits

are possible with a preconcentration step, followed by reduction to

elemental Hg vapor liberated into a small volume of gas.

TABLE I

cOl!P.\RISOSOF COLD-VAPOVR GESER.+TIOS OF 3:El~L-RY METHODS

Operating condkions: hollow< athode lamp current 3.0 m.\; wavelength 253.6 nm: spccual baml
0..$ nm: dampmg “B”; recorder 10 m\-: chart sped 2.5 cm rein-l, background correction wssd; W4%

oi tin\l1)chlondcsolution2 II-J.

ii
Y 10

D.al.b.,bbl~ . . . 0 10
10

Ii 10

N-
cc.ncmyo.l

0.8M
n. w
0.40
1.!34

II,(W
1).20
1.00
0.00
!).5)
1.*!
2.G-J

,).00
n.zo
1.00

1500

:3%
MM

*hL
Ru19
illo

480
4$0
4*

x.=
abimbaa

10 tc.dirlp]

0.4113
0.0>3
0.097
O.llr

0.030
,),”ga
0.331

0.020
0.030
0.198
0.185

0.018
0.101
0.411

.

INFORMATION ONLY



6:12

Matsunaga and Takahashi discuss a simplification of the method pro-

posed by Umezaki and Iwamoto for the determination of organic mercury.

The use of glutathione concentrations in the range of 1 - 5 x 10-4$ in 0.1

M ammonia gave extraction recoveries of 95%. Thus glutathione 1s a

reagent for back extraction which does not interfere with the reduction of

organic mercury.

6.13

Kuldvere reports that polypropylene flasks mn be used in the determi-

nation of mercury without any risk of loses. Mercury(II) in solution must

be analyzed immediately in the absence of permanganate to avoid loss.

Upon addition of a slight excess of permanganate, no loss of mercury was
“i

observed over a two day period.
.F

The author concludes that polypropylene !

has a high affinity for tin(II)chloride, which if present, can cause

premature reduction to mercury(0) with subsequent loss.



6;14

Gardner deals with the problem of water vapor in the syringe injec-

tion technique for mercury determination by cold-vapor atomic absorption

spectrometry. The effects of passing the mercury containing vapor through

a tube of magnesium perchlorate desiccant preceding the absorption cell

are shown in Table 1. The author concludes that to achieve good

reproducibility the use of a drying agent should be avoided when possible.

.

>BLE 1

~?eeff=tOfdamp and fresh mwn=ium perchlO~w, heat and nowater vapouri-em.wd
~the mean atomic absorption me=urementsof replicates from bulk samples.
.-.
~.
~~*r vapour control Sample Standard graphsa n XIean absorption

,,.<
$-d Mg(clo4~ A v 27 0.201:1.5

‘g+ Mg(clo.)z A w 22 0.232 :1.7
d

‘~
.F
.i

jjatcell,noM g(CIO.), B x 17 0.283:0.95

~:h=t “O,ig(c,o)

*,: ‘ - 42
c Y 12 0.216 Z 0.69

~+-
%eeFig. 1. bMeanand relative standard deviation(%).



6.15

Stuart describes several commonly used reagents which affect peak

shape in coldvapour atomic absorption spectrometry for mercury. The use

of excess hydroxylammonium chloride results in a “hold-back” effect which

causes a severe

of interference

rate of release

reduction in both peak height and peak area. Another type

ia observed with cysteine hydrochloride which slows the

of mercury from solution. Peaks are broadened as the

amount of cysteine is increased. These effects are shown in Tables 1 and

2.

TAELE 1

Effect of addition of hyclroxylarnmoni+m chloride on the mercury absorbance peak .

Amount added (ml)’ 0.00 0.01 0.02 0.05 0.10 0.20 0.30 “i
Peakheight (%) 100 97 98 85 60 34 13 .?
Peakarea(%) 100 98 98 83 65 36 11 .-

●5 g of hyckoxylammonium chloride in 10 ml of water.

TABLE 2

Effect of cysteine hydrochloride (addedasa 1% w/v solutionj on the mercury
absorbance peak

Amount added (ml) Peakheight Peakarea Peakwidth
(’70) (%) (s)

0.00 100 100 41

0.02 100 100 40
0.05 94 95 42
0.10 67 104 62
0.20 36 96 104

-17fi-



6.16

Jirka and Carter describe an automated sampling system using the cold

vapor technique. Aqueous suspensions of sediment samples are used in the

system following a persulfate oxidation and stannous chloride reduction.

The authors avoid the use of digestion methods because of the potential

hazards from the strong oxidizing agents and high temperatures required.

Their method yields one hundred percent recovery of HgS with a detection

limit of 0.1 ~ per liter for aqueous samples.

.



6:17

Koirtyohann and Khalil determined the partition coefficient of mercu-

ry between air and a dilute water solution. Their results are given in

Figure 3.
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.



r—

6.18

Knechtel and Fraser report a method capable or digesting large sam-

ples, up tO 5 grams, for mercury analysis. The method was used on various

sample types including soils. Nitric and sulfuric acids were used with

V205 as a catalyst. The detection limit reported is 0.01 vg/g.

6.19

Narasaki et al. report recoveries of mercury in excess of 90% from

organic material after oxidation with sulfuric acid and 50% hydrogen

peroxide. The authors state that the mercury sensitivity of the

cold vapor atomic absorption technique is enhanced by using a sintered-

glass bubbler and magnetic stirrer instead of a nozzle bubbler. .



6.20

Ambe and Suwabe developed a procedure fOr the preparation of standard

solutions of mercury containing sodium chloride. The mercury concentra-

tion was on the

than one year.

container used.

order of 1 - 1,000 ppb with a stable shelf life of more

The stability of the mercury depends on pH and the type of

These effects are shown in Figures 1 and 2. The addition

of sodi’umchloride enhanced the stability “ofmercury as shown in Figure k.

Pig.1. Stablityofrnemurysolutionin vaxious storage v=el~ o G-1ass ampouIe. . GIass
botth x Polyethylene bottle.

FIg 2, Effect of pH of tbe mercury solutions on stsbility. Glass ampoulea: PH 1 (O 1
pH 2 (*), pH 3 (X ). pH 5 (~). Polyethylene bottle: pH 1 (+).

~ t I I ! !

o 10 15 _“,* 2’ ‘ 1’ 20 3’ ..,,. @

Fig. 3. Stabdity of mercury solutions of various concentrations at pH 1and3 seafsd in
Pyrex gl~ arnpoules. AtpH 1,IOOGp.p.b.(0),500p.p. b. (*), 20 p.p.b. (X ). 1 p.p.b. (a)
At PH 3,20 p.p.b. (+ ).

Fig. 4. Stability of mercury solutions (1 p.p.b. ) containing 3.0% sodium chloride solutio~
3% NaCl solution: gla.sr ampoule (O), glass bottle (= ). Aqueous solution: glass ampo.le (~
glass bottle (a).



6.21

Moody et al. used gold tetrachloride to stabilize very dilute mercury

solutions. Two such solutions were prepared and certified as NBS Standard

Reference Materials (SRM 1641 and 1642) with a shelf life of one year.

Tables 2 and 3 give the solution concentrations obtained by the three

analytical techniques used.

TABLE L Conrparimlf (,/ ccr!iifcorion amdysts - .$m,tdani Rc/ercrlce Afuteriaf 1641

Concentration
(ngliglml)

Certified value 1.49 * O.(W
Theoretical value I . 49s

Analytical techmque
——

Neutron acuvatmn analysis 1..$8 * 0.02h
ISOIOPCdIlutIon spark source mass spectromewy l.~o * o.02b

A[omtc absorpuon 1.52 & 0.02b

. 95 percent confidence limit.
b Standard deviauon.

TABLE3. Compurisof! of cernj$cation amdyses . S!undord Reference Muterial X642

Cer:!fied value
Thcoreucal value

Concentration
(ng Hg/ml)
[.18* 0.05*
1.23

Analytical technique
——

Neutron activation analysis 1.21 * O.W
ISOIOCCdilution spark source mass spec!romeu-y 1.18 ~ 0.02b
Atom!c absorption 1.17 * 0.031,

.

. 95 percent confidence Itm!t.
‘+Standard deviation.



6.22

Gorski, Heinonen and .saschnyreport

son of results obtained on a fresh water

Neutron

ly used

niques,

activation and atomic absorption

a round-robin laboratory compari-

sample and an air filter sample.

(cold vapor) were the ❑ost common-

techniques. Little difference was observed between these tech-

and the results obtained for the fresh water sample indicated the

laboratory techniques in use were adequate.

6.23

Koons and Helmke irradiated four standard soils for neutron activa-

tion analysis to determine the concentrations of various elements and to

test for inhomogeneities in the samples. A coefficient of variation was

calculated based

pies. The coeff

ter irradiation,

on the standard deviation of the mean values for the sam-
i

.Fcierittakes into account sample loss during transfer af- . i

geometry uncertainties, undetected variations in neutron

flux, and counting statistics. The

for most of the elements tested and

the elements in the different soils

6.24

Thatcher reviews the procedure

coefficient of variation was below 5%

the differences in concentrations for

was for the most part very low.

for analyzing trace elements in water

samples using neutron activation analysis. The author compares the re-

sults with other instrumental methods, principally atomic absorption. The

standard deviations for the analysis of standard samples by NAA was 8.o

and 8.9 versus 15.9 and 18.5 percent for atomic absorption analysis.

. -0[8 –



6.25

Tatton discusses the uses of thin-layer chromatography and gas-liquid

chromatography for the separation and identification of organomercury

compounds.

6.26

Heinonen, Merten, and .Suschnyaccess the results of an intercompari-

son of mercury determinations in flour using

Sis, nondestructive activation analysis, and

destructive activation analy-

chemical methods. The p~ti-

cipating laboratories reported adequate accuracy and

in the ppm-range but reported unsatisfactory results

Contamination of the samples prior to activation may

for the unsatisfactory results.

precision for mercury

for the ppb-range.

have been responsible
.

..-



6.27

Westermark and Ljunggren discuss the procedure and major factors

involved in using destructive neutron activation analysis for the determi-

nation of mercury. They review several accepted methods by different

authors. These methods can be applied to a variety of sample types as

shown in Table 17.

TABLEXVI1. METHODS FOR DESTRUCTIVE ACTIVATION ANALYSISOFMERCURY

“).’,*Wkrence ‘“ RhlC@hOfdelecti.amNuclldemexuted
wet Main method US Curie yfcld APplkd 10

combtutim #eDarauOa mr.mn-cnk
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SJmksnd(31 “.
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Kim et al [S1
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,,. .
,,
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Gammaapec!xmleay

..
,..:: .,

G2mmstpeck0meky

I*?Hg YrJ
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‘-W No
(b.mlngln

hot jtr and

Oxygca)

18 H8
la

I* “g Ta

Pmdptlauollu n8
Emsulphlde

DldSIIaUon a!td YeJ
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PTectpltatson of Ta .
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dliI1lSdSon

Ixchqelwilb NO~
meulllc Hg

E,apmattvn ad @

IOlpuan cm
teknlum

Sulphlde Nob
prcclpl!attm
atpH 8-9

DupOliKOO ~ob.

OrICupovda

.UUlna

o~aniims and
wales
.

Irlual* ●Il

‘! rlsafunlplu

r

B1oIOlycal

BUnpltl

B[otoglcll

,mpla md
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Eiolog!cll
and mme
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6.28

Ljunggren et al. discuss the usefulness of neutron activation analy-

sis in measuring total mercury concentration. They point out its him

sensitivity, specificity and ability to accommodatenumerous types of sam-

ple materials. The detection limit for mercury is in the range of 0.1 ng

per gram.



6.29

F.

..

oyd and Somnsers propose a simple one-9tep procedure for extracting

total mercury from soils and sediments. The procedure uses concentrated

HN03 and 4N K2Cr207 for digestion of soil. This method was compared with

other digestion procedures and the results are shown in Table 2.

Table 2-A comparison of merhods for determining total mercury
in soils and @iments

Sunplc (HNOrK,G@,l A B c 0

“’ n’!’

~.

minfi.ld 79 74 59 4a -
m.” S9 .!2 63 70 95
?.-11. 1s2 129 78 90 130
Houamton 108 100
V,.-**

55 38 118
104 102 50 45 -

Scdhl,”t,

Bit Turkey 91 81 82 72 -
W,..*”* 166 157 117 1s9 155
~1 317 109 22s 22s 320
.M0“ me 145 145 90 85 150
mea, 195 187 110 102 -

Av,rq, !42.8 136.6 9S.2 92.7 -

- ,M,th.d A. dic”u.n mtb H,SO.. HNO,. KM”O,. -d K,S,O, (I,k,nde ,, d.
:977): Motho.i B. dipsmom.nth HNO, (TIIOV. 1971), Me,hc.d C. &,,,t,ca *CII
HIS% IWO,, and !+70, lMelmI ,, d.. 1971): Mahod D, .4@,,,cm ma
H,SO,. MNO,. K&O,, -d KM”O, Uaeab, UId K,tnry. 1974).

.



6.30

tron

with

with

Lag and Steinnes analyzed Norwegian forest soil for mercury by neu-

activation analysis after pretreatment of the soil with (A) digestion

HN03/H2S04 in the presence of Hg carrier in an apparatus equipped

an reflex condenser and (B) digestion with hydrofluoric acid. Table

1 compares the results obtained on 4 soil samples

The results obtained for mercury do not show high

using these two methods.

regional variations.

TABLE 1. CC)3[P.4RISOXOF RESULTS OBTAIX’EDOXFOUiI SA1lPLES

USLVG hlETHODSA &XDBFORTttE DISSOLUTIONSTEP

SampIa
Metiod A hle!hod E

(ppm) (pPm)

1
0. 19s
o. 1s9

0.197

2
0.189 0.m
o.ma 0.208

3
O.’zul 0.209

0.221 0.196

4
0.’231 0.204
0.204 0.212

.

‘i
.+
.L

-QQ-



Category 7

The 1

confused.

Retention of mercury (Hg”, ionic, organic and vapor) by soils

terature dealing with merc!urysorption by soil seems rather

This may be due to the complexity of the system involved. The

extent and rate of sorption

bulk properties of the soil

components in the soil, the

depends on the surface and in some cases the

components, the relative abundance of these

chemical environment of the mercury irt

solution and the bacterial activity in the soil. Despite the complexity,

conditions have not been reported under which mercury in solution moves

rapidly through soil.
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Retention of Mercury (Hg, ionic, organic, vapor) by Soils
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7:2

Landa investigates the sorption of mercury vapor by a number of soils.

The mercury uptakes observed are presented in Table 2. He found that mer-

cury volatilization from these soils proceeded to a negligible extent at

temperatures

peratures as

were used to

ingly sodium

up to about 100° C, but increased dramatically at higher tem-

indicated in Figure 2. A variety of classes of extractants

probe the mercury retention mechanism on the soil. Interest-

hydroxide was the most efficient extractant while chelating

agent3 were ineffective. Table 3 contains the results of the extraction

experiments. Landa interprets the extraction results as indicating organ-

ic binding of the mercury in the soil systems.

Table 2. IJpmkeo(mcrcury by fi$e Montana !ods (Ollowln: IOdty exposure
!oalrstr”m comammg i~JIIE l-l$v m’ aw. Values shown arc meom of.three

rcplicxti :1 standard error

~ - S:, * ,., :

Av”.A !C,5 : ! ;

O=PS-lS ion: 1.0

H.ldr 21.7 : 2,:

Bain. ill. is.. : :.7

T.rrl 9.5~1.0

,r— —

— awm
— OMPsass

. IIEL2T
---- a~,~
— TEww

T (z)”

1%-2- volatiie lmsorsor~mcrav from soi!s~afu”c.

Uon 01 temperature.



7:3

sea

Hannan and Thompson

water by a number of

determined the uptake of 203-Hg2+ from filtered

uptake by all sediments and

were equilibrated with Hg2+

sediment samples.

essentially no

free sea water

~.h

Harsh

containing

and Doner studied how mercury

cinnabar from mine tailings.

They observed at least 95%

leaching when the sediments

is distributed in river wash soil

They found that 90% of the total

mercury present remained in the sulfide form. Under the oxidizing condi-

tions of the river wash soil, mercuric sulfide would not be expected to be

stable thermodynamically thus the weathering of HgS is kinetically unfavor-
.

able under the condition studied.
“t

7.5 .?
..

Farrah and Pickering found that in the presence of Cl- ion, the order

of uptake of Hg by the clays studied was illite > montmorillonite > kaolin-

ite. Based on their study of clay uptake under varying conditions of pH

and a variety of ligands, solution processes such as

cipitation have a domimting influence over sorption

complexation and pre-

by clay.

-1o5-



7:6

Hogg, Stewart and Bettany lnvegtigated the ❑igration of methylmercu-

ic chloride, phenylmercuric acetate and mercuric chloride through two soil

types. Sixty cm soil columns were used in the experiments with the mercu-

ry compound mixed into the to 10 cm of soil. The colunns were irrigated

with sewage effluent. Table 2 lists the components of the sewage effluent.

Other cations present in the sewage effluent and soils migrated through

the columns, but mercury was not observed to migrate below the 20 cm level

in any of the columns. Leaching of the tap 10 cm of the columns with

CUC12, NH40Ac, EDTA or DTPA removed less thar.0.3% of the applied mercury.

Six normal HC1 extracted up to 90% of the applied mercury. Since 6 N HC1 .

is believed to dissolve soil colloids, it is postulated that mercury had ‘~
.f

been retained by adsorption onto these colloids. It was also observed
..

that 203-Hg analysis gave slightly higher results for leaching with

NHbOAc, EDTA and DTPA than did cold vapor atomic absorption.

Tsble?—Comnrwition of MwaKe ●ffluent used for irrigacic.m

P.srarnevr value

EC.mmiw_.n.
PH

2.25
8.31

ppm
183
240

19.9
12s
93

5.$
9.9

.?~q
0.95
0.03
U.CQ 1
29
3.8
s.1
58

orlL-c 2t



7.7

Aomine and Inoue determined the retention of

and HgC12 by three soil types. Their results are

soil types are as follows: Hyogo, montmori;

Mitsuzi, s~dy loam and koalinite and Choyo

clay loam.

● H} r,go — I’JI.!

O .lIiisuze I[;cl.

X (-h,,.,,

‘{/ ~
x

x

<
1

phenylmercuric acetate

shown in Figure 1. The

f,q---
0 ‘“
o 250 500 750 1000

onite and light clay;

allophonic and light brown

.

l?quilihrium Cone,. n,r:, ti,,n

fp]ml 11:) -



Inoue and Aomlne determined the adsorption of phenylmercuric acetate

on the three clay minerals shown in Figure 3. The effect of the exchang-

eablecation is reported in Figure 2.

25

L

:4 * Ca ..?.*:
~

\
&;-

; 10

.= -c, ~
2- 0 Kaolinite “h .-

2
X tlllophacc Ba

55 -“
Q )lun:m,Ori]l,,nitc

0 0.6 0.8 1.0 1.2 1.4 I.C

Ionic radii (AI 200

.

Fig. 2. Elfect of exchangeable cations on the Concentration of mercury (/tmol. G
:tdsorptiim ,,f plwnylmcrcuric acetate IIy FiK. 3. .Adsorption isotherms of phenylmercz,:ic
the cl~y mincmls. UCCLJIL.(m the. clay mine.r21s.



7.9

Aomlne,

treated with

Kawasaki and Inoue investigated mercury buildup in soils

phenylmercuric acetate. The level of application was not

known with certainty but was believed to be in the range of 100 g to 3 kg

per ha. The observed ❑ercury levels and soil types studied are reported

in Table 1. The authors attributed the low levels of mercury Pound In

some soil types to leaching through the top horizons of soil. The tenden-

cy of mercurial to be converted to volatile forms reported after this

work cast doubt on this interpretation.

RfiTENTIONO~hlliRCURYBY SOILS(1)

‘Table 1. \fc:cury cuntcnt. mechanical compmitio!l. and nlajor clay mincrds of soiI samples’

%mple
1 Depth i \fcrcury I

cm ; ppm : ‘>~d I ‘j; I c~ i ‘[u~~us I nt~~~~al* -

——. —- . — .——
i

P.)DDY S0!1.S

I[yogo
(saga)

Afitsuze
(S3ga)

Futsukaichi
(FukuOkaJ

Kumamoto

Oita

hliyazJki

Taniy. ama
(Kagoshin!a)

0-10
1020

0-25
Z-35

0-15
15-2s
2s-35

0-17
17-27

&y)
20-30

(j ~~
20-40

0-19
19.50

ORCH,\RD SOILS (OR.4NGE)

Kyurzgi 1
(Saga)

Kyuragi 2

Kum3mut0-1

fiumamoto-?

Lliyazaki

0-30
30-50

030
3050

0-20
20-45

()-20
20-40

020
20-40

ORCH.\RDSOILS(.APPLE)

.Acmmri. 2
(cunlrol)

o-1o

060
6070

0.25
2550

0.49
0.35

tr
tr

0.34
0.60
1.04

0.10
tr

o
0

0.13
G

0.16
0

0.22
0.25

0.29
0.55

tr
o

0.14
0

0.10
tr

0.44
~~o
0.36

0
0

36
]?

63
78

52
55
62

30
?s

53
51

60
51

59
63

5?
59

59
56

25
24

44
44

60
59

52

54
63

55
54

30
36

15
9

17

1{

27
23

20
19

16
21

17
7

26
~~

22
29

$

24
26

16
17

20

Is
13

15
17

;.

3.4
1.7

5.2
3.0
1.7

4.1
23

3.9
24

4.1
42

2.3
3.4

?5
i.1

3.7
1.1

2.2
1.1

2.7
1.6

3.3
2s

3.9

13.7
6.8

11.3
73

hft

Kl

Kl

Mt

K1

Chl.Ill

K1

Kl

fil

K1

K1

111.Kl

LMt

,31!0

Allo

. ... ——-—
● Mt -. ~o”tmorill.anite, M bolin. Chl chlorite, III -=illite, .AIIo = allophanc.

● A,-!
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7.10

See 2.2

7.11

Blatter

with nontmor

7.12

found some ev dence that mercury forms interlayer structures

llonite.

Niebla, Korte, Alesii and Fuller looked at HgC12 migration through 4

soil types with three eluting solutions; deionized water, simulated

landfill leachate and 0.25 mm Na2EDTA. Retention of mercury by the soils

was least for the simulated leachate. The solution type was observed to

have a larger effect on leaching than the soil type.



7.13

Kudo and Hart looked at the kinetics of HgC12 uptake by a variety of

freshwater sediments. Figure 3 ghows the time course observed for the

absorption of mercury by the sediments. Uptake

strongly on the concentration of mercury in the

ty. Aerobic and anaerobic systems demonstrated

rates were found to

water and the water

similar kinetics.

depend

veloci-

! I

Ftg. 3–Red,str#but, on of mercury between water and bea sedim-

ents.

. . .



7.14

Frenet-Robin and Ottmann studied the adsorption

by kaolinite, illite and montmorillonite. Different

of mercuric chloride

clay concentrations

and salinity levels were used. Mercury resorption from the clays wag also

studied. Table 2 gives the amount of mercury adsorbed on the ClaYS as a

function of time and Figure 2 presents these data graphically. Approxi-

mately ~ hours were required to reach saturation, thus the capacity

studies shown in Table 3 and Figure 3 were performed by contacting the

claylmercury solution

exchange capacity and

with agitation for 4 hours.

the maximum rate of mercury

Table 4 gives the

fixation. Unfortunately

this last quantity does not seem adequately defined. Figure k shows the
.

capacity of the clays at two initial mercury levels as a function of ‘)
.?

salinity. The effect of turbidity is shown in Figure 5. Table 6 shows . $

the gercent of mercury desorbed from the clays. The clay suspensions

contained particles with a size range of 3.5 to .2 micrometers (80%).

is suggested that mercury is only fixed on

the amount fixed is inversely proport~onal

particles.

the smallest particles and

to the diameter of the

used

It

that



TABLE 2. Fixed mercury 1.,.,1 on clay minerals (ug g-’) in terms of time at

I g 1-’ furbidiry and jo Ug 1-’ initml mercu~ concentration

Time (h)

Sdinity(%J Sediments 1 1 4 6 8

Kaohmte 31.7 36.8 378 37”9 380
Calcic Bentonite

0 28.j 37.8 4Z.Z 43.0 +Z.a
Sodic Bentonite 31.2 +12 45.9 45.Z
Illite

hj .6
30.7 37”5 +0.7 40.9 +0.j

Kaoiimte 23.3 186 30.5 31.2 31.0
Calcic Bentonite20 39.3 45.5 48.1 46.6 4s4
Sodic Bentoni= ~:. :

. . 35’9 413
Illite

+1,7 419
=:. .. . .:r+ 3~. r 36.0 ;5.9
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1 ADIJ 3. Alcrcury fixture in the s.dimcnm (pg g-!) in terms of initial mercury
concenn-dtion (mg 1-‘)

Initial mercury amc.ntration (mg 1-1)
Salinity Sediments

(%) Turbidity .=o.+ g l-i o.oa o-as O.I OS I.o S-a

Kaolinice 36.0 89.o ISI.O 8S0 1 p-o s 120
Calcic benconiteo 4S7 97.7 ZC85 1 068 1685 x 900
Sodic bentonite 49.7 116.0 2]9.0 I I]j z 251
IIlite

~725
31.2 907 ,880 81< r 595 5275

Kaolin,te 295 b9.6 149.0 ~20 970 Z 470
Calcic bentonite

20 40.5 116.0 z41.o 550 r 030 z 51m
Sodic bnronite ●v.o ,109.0 227.0 4j~ I 210

Mite
3450

272 71.5 133.0 675 z 275 z 62s

.
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TABU + Comparison of interchange capaciry and maximum race of mercu~
Sxacion

Interchanging hfatimum rate of
capacicks mercury fixed
Gf cations mg~-’
in milli-

equivalent for xoa g Fr=h\vater Salt water (zo:rn)

Alontmordbmire J@ to lJO ;.7 36
KaOiinlte 20 . . . :.5

IIllte 20 10 jO ;,; z ,;

TMILE 6. Proportion of mercury desorbed from different clays after 4 h agitarion.
H, Khcst conccntrotions of mercury tound for each sal!mry in the study area

Clay nunerals Freshwater (o) Salr \vater (20 ~)

Cdcic monrrnorillonite 6.87. ~ .+ya

Sodic montmorillonite 3’57. 4.2%

KJOlinile 4.1 Y. 19.6;;



7.15

MacNaughton and James investigated the effects OP hydrolysis and chlo-

ride complex formation on the adsorption of Hg2+ by silicone dioxide p~ti-

cles in water. They found that adsorption depended strongly on both pH

and chloride ion concentration and displayed a maximum with respect to pH

at the chloride ion concentrations studied. Figures 4 and 5 show their

results.

*:,:.:, . . ... . . . . .. -. ., ...:
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FIG,4 The adwrption of H,ciII) irom l.&l X l!)+
mole tfm-~ wlu(ion$ lJy auarv JS a functiun of pH

an~l ionic $rremvh. The i,.?i~ $Irmr I!I c,, n[li( inn. ar~
indicated: C, 11~1 nlOle din-s XaCIL),; C, 1(F; _.

2 X l@; x, 10+ mole din-l XIX(XO;),.
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.

FIG. 3. The wkrptiuo c.i H:(1I I from 1.S4 x w+
mole din-a wlu!ions by quartz IJ a (unction of pH and
compl=ing Ii:and. The1.uIionicsre>g[his10_lmol.
din-a ISaCIUt, \-aCl,I vkrc Cl- is: ~ 10-1 mOIe din-c
and •I IW mole din-i.

.



Category 8. Formation of organomercurials

The action of bacteria and bacterial metabolizes on mercury is com-

plex and still under investigation. Bacteria capable of converting HgO to

methylated forms have not been obgerved, but bacteria are known which can

convert HgO to Hg2+. Methylation of divalent mercury is well established.

Bacteria capable of demethylating to HgO and methane have been observed.

Bacterial demethylation hag been used to explain the low concentration or

methylmercury in naturally occurring sediments. Bacteria have been found

which reduce Hg2+ to HgO with subsequent loss by volatilization.

.



8.

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

Formation of Organomercurials
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8:1

Landa studied the loss of Hg2+ from the surface of five Montana soils.

He found that loss rate depended on the soil type, the presence of bacte-

ria, and the addition of bacterial nutrients. Figure 1 shows the effects

of those variables on mercury loss from the five soils studied.
The mercu-

ry compound volatilized from the soil was not identified but assumed to be

Hgo.
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8.2

ded

Rogers observed the production of methylmercury in soil

with Hg2+, but the fraction of mercuric ion

form was only about 1 x 10-5. He suggests that

intermediate step with a final product which is

5 shows the effect of moisture on methylmercury

the efPect of temperature and Table 7 shows the

concentration.

Table 5-Methylmercury occurrence in soils with various
moisture contents

Moiwm-b@dh6 COacnwauoo
603 51MCK7 1Wock 3--b

% —mCH,tiI”1501 101—

23
60
7s

Lnmi 2s 223 *14 120*6
50 188 *12 *:1O “
75 212 *I2 54*O ,

any 25 US :2S 166?64 :
so 2S6 :14 loa~o
75 195 $53 51?22

Tab!e 6-Methy4merw~ occurrence in soils incubated at
various temp6rature5

IoLwbdou
Canmne.tion

5si2 kmpmnm 1 -k 3 w-k,

“c .— 0rcH,H3 ”/so :1011—

4
24
36

4’2?$1s: 6520
47 to 8

123 ?9 109*15

3Amn 4 6S *1O lea =4
24 169 219 62 210~
16 300 :1s 4610

&y 4 12s t3e 178*13
24 179 221
36

107 *o
19s :30 3ezo

converted to

samples amen-

the organic

methylation may be an

lost from the soil. Table

production; Table 6 shows

effect of the initial Hg2+

.

i

!Table 7-h4erhylmerwry occurrence insoil~in~ bated fcir I.iwcci

wilh amcndment%of varying mercuric nitrate ~onccnlrat, on

%nd 5.000 29? :2:
12.000 $6 ::
?5.000 9e :25

lam S,ooo 38 :s
12,000 79 :s
25.OOO 188 :12

C5ay s ,300 41 :4
12.000 100 ,9
25.000 256 ::4

t Memof lhr- rrpliamrw
t21 Mandarddma!m,.

? Mean.! tins rrp[imdmu



8.3

Helm =d COx looked at the interactions between a number

bacterial cultures and elemental mercury. He found that some

of pure

bacteria

including Bacillus subtilis oxidize essentially all of the HgO added while

other bacteria including Escherlchia coli oxidize very little. No

methylmercury was detected in any of the cultures.

8.6

Jernelov discusses the state of knowledge concerning mercury conver-

sion prior to 1972. He indicates that many ecological systems should tend

to convert any mercury present to methylmercury: a theory which does not

seem to be supported by subsequent experimentation. He does digcuss a

lake in Sweden contaminated by a cfiloralkaliplant which was closed 25

years earlier. At the time of writing, the contaminated sedimentg were

buried under som~ decimeters of fresh

had relatively low mercury contents.

8.5

Jensen and Jernelov demonstrated

sediment and the fish in the lake

that the amount of

sediments increased after the addition of Hg2+ at

ppm. Beyond that concentration, the formation of

depressed.

8.6

Wood, Penley and DeSimone

the methylation of mercury.

methylmarcury

concentration up to

methylmercury was

discuss various biochemical pathwayg for

in

?00

.

:1..*



8.7

Bisogni and Lawrence set

tors to determine the extents

up a series of steady stat-emicrobial reac-

and rates of mercury methylation under vary-

ing conditions of’Hg2+ input concentration, microbial growth rate and oxy-

genation level. Tables 1 and 2 contain the operating conditions for the

aerobic and anaerobic reactors used. Table 8 contains the results Por the

anaerobic reactors while Table 11 contains those for the aerobic reactors.

Rates are also tabulated for methylation under the conditions studied.

6.+-30
6B-30
6C-30
6D-30

12.+-30
] ~B.jo

12C-30
U D-30

24.+-30
24B-30
24C-30
24D-30

6.+-30S
oB-30S
6C-30S
6D-30S

TABLEL-haerobic RcactorOperating

1lb
1j6
1/6
1/6

1/12
1:12
1112
1/12

1/24
1124
1/24
1/24

1/24
1/24

1/6
1;6
1f6
1/6

ReacwrFccdSc4ution

COD I w-
(mgl) I (mvl)

6,000 ; 0.1
6,(03 : 1.0
6,000 { 10.0
6,0C0 ; 100.0

6,000 : 0.1
6.000 i 1.0
6.000 10.0
6,000 100.0

6.030 ; o.I
6.000 1.0
6.000 10.0
6,000 100.0

6.000 io.o
6,000 10.0

6.(X3O 0.1

:hacncterimks

1.0
1.0 i
1.0 :
1.0 :

0.s :
0.5 .
0.5
0.5 ~

!
0.25 :
0.25 !
0.25
0.25 !

1
0.2s :
0.25

1.0

0.0167
0.167
1.67

16.7

0.0083
0.083
0.83
8.3

0.0041
0.041
0.41
4.1

0:41
0.41

0.0167
6.OQO 1.0 : 1.0 1 0161
6.000 10.0 1.0 1.67
6,040 100.0 1.0 : 16.7

.

“k.?. ..

‘Thelasctwodigits indicareopcracing remperature(”C).



: TA3SLEII.-Aerobic Reactor Opemdng Cbaractexisdm

litit
DnilluuOn* 2$=5:

06.+-30 1/6
06B.30 1;6
06C-30 1/6
06D-30 1/6

012.1-30 1/12
012B-30 1;12
ol~c-3(3 1/12
012D-30 1/12

(3~4~.30 1/24
0~4&30 1/24
024C-30 1/24
024D-30 1/24

3,0m I
3,1A30 ,

:. j 0.s ~
0.s

0.0161
0.167

10.0 ! ‘“- j0.5
1% ‘

1.67
100.0 i 0.5 , 16-7

3,000
3.OW
3,000
3,000

0.1 0.25. : o.@J83
I .0 0.25 , 0.083

10.0 0.25 0.83
100.0 0.25

1,
8.3

3,000 0.1 ! 0.1:s \
3,000

0.00$1
1.0 0.125

3.0W3
0.041

10.0 0.125
3.WO I ; 0.41

100.0 0.12s , 4.L

06C-20
,

!

1/6 3,000 : 10.0 0.5
O6C-10 1/6 3.0CX3 : !

1.67
10.0 0.s 1.67

“ The last two digirs indicate operating mmperacure (“C).

‘1. ...*
TABLE V732.+teady-State Distribution of Mercmy Forms for hae-mbit Reactors

.—— —“

6.4.30

i

0.0167
6B-30 0.167
6C-SO L61
6D-50 ! 16.;

~~.+-313 ~
0.0U83

*~BJo 0.083
1?C..3O ~ 0.83
l~D.;o 8.3

24.+-30
24B-SO
24C.N
24D-30

6.+-30s
6B-30S
6C-30S
6D-30S

24C-20
24C.1O

0.0041
0.041
0.41
4.1

0.0167
0.167
1.67

16.;

71.9
40.9
42.5
48.0

54.4
8,4

13.7
16.6

32.0
13.9
17.2
22.8

58.0
4s.7
47.1
39.5

0.41 : 17.0
0.41 : 23.1

(CH,):HC CI{,HC*
(emurr,E.* (rc&Iy)

0.3 5.9
0.1 1.0

<0.1 I 0.2
<0.1 0.1

0.2
<0.1
<0.1
<0.1

<0.1
<0.1
.:0.1
<0.1

0.1
<0.1
<0.1
<0.1

<0.1
<0.1

$!
0.1

<0.1

3.3
0.6
0.1

<0.1

3.6
0.4
0.1

<0.1

0.1
0.1

iterra:du i=
:nor~em~:).rm

(%).

14.3
49.3
52.0
44.9

38.9
84.4
81.0
79.8

41.0
79.8
80.1
72.8

32.7
51.0
473
53.5

78.9
;2. s

92.4
913
94.6.
929.

98.0’
933
94.7
96.4

96.3!
943
973;
9s+:

94.3!
97.1!
94.$,

4

93.0

9&o?
9s.?4

—



bit
Ddmwiom

0-6.+-30
040-30
O-6C-SO
O-6D-30

0.12.\-50
&l~g.jo
O-12C-30
0.12D-30

0-24.+-30
0-248.30
6-24C-30
O-2+D-50

O-6C-20
O-6c-lo

BLE ~-Steady-Stme Distribution of Merccrp Fo~~ for Aerobic Reactors

Dally I“cut Gf
iu;m~c=yy

0.0167
0.167
1.67

16.7

0.0083
0.083
0.83
8.3

0.0041
O.wi
0.41
4.1

1.67
1.67

Weight Per-age Tmnsfotmcd to 1“

71.1
79.3
88.5
78.6

72.s
88.3
79.9
81.3

66.s
72..3
95.8
83.4

81.5
84.$

(CHJ,HC
(clay;, g-)

0.1
<0.1
<0.1
<0.1

0.1
<0.1
<0.1
<0.1

0.2
<0.1
<0.1
<0.1

<0.1
<0.1

CH,H8- RmIaIaiGs in

(ry;:p I Jnora.mc Form
(r~;yr)

—’
7.6 1.1
1.3 2.1
0.3 1.3
0.1 0.-1

10.2 I :::
1.5
0.2 I 1.2

<0.1 0.6

15.7 1.0
2.9 2.1
0.5 1.8
0.1 0.8

0.3 1.3
0.3 - 1.3

79.9
ala
90.1
79.1

84.0
92.1
81.3
8~.~

33.4
n.s
98.1
843

83.1
86.0



8.8

Spangler, Spigarelli, Rose and Miller found that while methylmercury

was initially produced from Hg2+ added to a sediment loaded aerobic

reactor, after a

methylmercury in

near its initial

period of about two months the

the sediment began to fall and

concentration of

eventually returned to

level. All volatilized mercurY was collected and no

methylmercury was found. Further studies demonstrated that the

methylmercury was reduced to HgO and methane by bacteria.

,.



8.9

Bartlett and Craig

in estuarine sediments.

report

Their

a large survey of the

basic premise is that

methylmercury content

the ambient concentra-

tion of methylmercury in sediment is strongly dependent on the redox

potential of the local sediment solution. They explain this dependence as

being due to oxygen sensitive bacterial populations responsible for both

methylatlon and demethylation. Methylatlon i3 primarily carried out by

anaerobic bacteria and demethylation by aerobic bacteria. Some of their

observations, however, require the additional postulation of anaerobic

demethylators and aerobic methylators. Little evidence is provided to

support this proposition. Figures 11 and 12 show an interesting

observation. The methylmercury level in sed,imentrises rapidly after

collection to a maximum in 20 to 30 days and then begins to decline.

I
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