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Abstract

A series of analyses of laboratory prepared
ashes of Dunn County, North Dakota, lignite
are compared with analyses of Mercer County,
North Dakota, lignite gasifier ash from SASOL
gasification test for 73 elements. The analyses
demonstrate that a need for laboratory ashing
technique that simulates gasifier ash probably
exists. Of the 73 elements, 33 were found to
be common to the leachate of both the gasifier
and laboratory ash samples; nine of the 33
were more leachable in the gasifier ash. Ap-
proximately 50 of the 73 elements are found in
both coals while approximately 20 elements
were below the detection limit of 0.1 ppm in
both coals.

The use of this data for environmental
assessment of groundwater impact js analyzed.
It is concluded that this data probably cannot
be used to support existing analytical ground-
water models due to system complexities and
unknowns. An alternative worst case en-
vironmental analysis is presented. It is recom-
mended that worst case analyses be pursued
rather than sophisticated analytical modeling
techniques.

INTRODUCTION

The continuing energy problem is gradually
forcing the major investors and industries of
the United States to turn to coal conversion
technologies for the development of sources of
supply of liquid and gaseous fossil fuels and
feedstocks. Although the time scale and extent
of this development are unknown, it is fikely in
the author's view, that several coal conversion
facilities will be operable by the end of the cen-
tury. These facilities will probably include major
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250 MMSCFD dry ash Lurgi gasification
facilities.

Presently, plans for four such facilities are at
the detailed design stage. These facilities are El
Paso Gasification Company, Wesco Coal
Gasification Company, ANG Coal Gasification
Company, and Natural Gas Pipeline Company
of America. E! Paso and Wesco are located in
New Mexico while ANG and Natural are located
North Dakota. All four have filed Environmental
Assessment Reports. The Department of the
Interior (DOI) has issued final Environmental
Impact Statements for El Paso and Wesco. DOI
has issued a draft Environmental Impact State-
ment for ANG. Natural has issued only an En-
vironmental Assesment Report. Ail of the com-
panies have studied, to varying degrees, the
environmental impacts associated with
disposal of the gasifier ash and its entrained
water. This paper addresses one of those im-
pacts.

The work reported here deals with the possi-
ble leaching of the trace elements from dis-
posed gasifier ash. Although it may be possible
to mitigate this potential impact to within ac-
ceptable limits through the use of disposal
techniques, it is difficult, if not impossible, to
conclusively demonstrate that the disposed ash
and sludges will behave in a given manner once
actually disposed of in the mined area. This is
true, in spite of the current mathematical
models that exist, largely because of widely
varying boundary conditions and the very com-
plex chemical systems that may exist in the
post-mining environment.

Because of these difficulties it is probably ad-
visable to attack the question of potential en-
vironmental imact utilizing 8 worst case ap-
proach. This approach does not address the
question of actual impact, but does allow one
to estimate the maximum impact that can
reasonably be expected.

The fate of trace and major constituents dur-
ing gasification has been addressed by Somer-
ville, et al. {1877)", (1976)?, and by Attari, et
al. (1976)3, {1973)*. At the conclusion of the
work cited above, the authors noted that the
analyses of the laboratory prepared ashes and
its leachates were considerably different than
those of the Lurgi generated ashes and its
leachates.

Data are presented below which specifically




compare laboratory and actual gasifier ash and
their lezchatas.

It should be pointed out that the data col-
lectad wsre for the purposs of supporting two
difierant Environmsnta! Assessment Reports
which gt the time of ths data collection were
unrelated. Conssguently, the authors did not
have the opportunity to gather all the contro!
data that are desirable.

GBJECTIVES

The study, under which this data was
generated, was made to assess the en-
vironmzantal impact associated with a 250
MMSCFD Lurgi dry ash coa! gasification facility
utilizing Dunn County, North Dakota lignite.
This paper assesses the applicability and use of
laboratory ashing technigues to determine the
probable trece element emissions from a coal
gesification facility.

METHODS

Gensral

Two different lignites, Mercer County and
Dunn County, North Dakota, were analyzed for
major and minor elemental constituents. The
Mzreer lignite sample was obtained from the
coa! gasified &s part of an operational test at
Sasolburg, South Africa (SASOL). The Dunn
County samples were obtained by coring as
part of a resource evaluation program. Dunn
Cournity and Mercer County, North Dakota are
approximately 45 miles apart; both are in the
Fort Union Coazl Reserve (e.g., the same
geological strata).

The Mercer County lignite ash samples uti-

ized were obtained during the SASOL test. The
Dunn County lignite samples were ashed and
the ash analyzed using ASTM D2795-69,
“Mingral Anzlysis of Coa! and Coke Ash’’.
Leachate tests were performed on both ash
samples.

The Sasolburg Test

. The chemica! analyses of the Mercer County
lignits reported were taken from samples ob-

tained when 12,000 tons were gasified in the

Lurgi gasifier at Sasolburg, South Africa in =

1974 by Michigan-Wisconsin Gas Fipeline
Company. Samples of the lignite charged to the
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gasifier, and the ash from the gasifier were ob-
tained.

The coal feed rate during each test was ap-
proximately 26 tons/hr with a mass balance
test lasting for about 8 hours. The following
sample collection intervals were used: hourly
for the coal, and each dump for the gasifier ash.

Analytical Frocedures :
The sample analyses were performed using
the following techniques: spark source mass

- Spectrometry (SSMS), atomic absorption (AA),

flarneless atomic absorption (FAA), ion-
selective electrode methods (IE), colorimetric
(C), standard mineral analysis (MA), and
several wet chemical methods (WC). The
details of the procedures and methods used are
described in Appendix A. All raw data obtained
fromn the tests and referenced in this paper may
be found in Somarville et al. (1978).!

Leaching Study

Since it was suspected that many of the
elemnents found in coal would probably be re-
tained in the gasifier ash and plans called for
the disposal of the ash in the mined area, an ex-
periment was designad to study the leaching
characteristics of the ash {both laboratory and
SASOL). The methods selected purposefully at-
tempted to maximize the quantity of the ele-
ment leached in an atternpt to predict the upper
bound of the impact. The general method con-
sisted of grinding the ash to a fine powder, and
refluxing a sample for 16 to 24 hours at the
boiling point of demineralized water. This is
thought to vield the worst case (maximum
leachate concentration) because:

1. Refluxing subjects the ash to far more
water than the annual rainfall ever
would. It may take many years before
rnoisture ever reaches the buried ash.

2. The use of distilled-demineralized
water subjects the ash to harsher
leaching conditions than the actual
groundwater (which is basic) is ex-
pected to. )

3. The refluxing of the leachate at the boil-
ing point of water greatly increasss the
solubility of the elements in the sol-
vent. Groundwater temperatures are
considerably lower than this.

4. The procedure used small particle size




samples, which increases the solubility
rather than the ash of much larger parti-
cle size resulting from operation.

Table A-1 of Appendix A lists the element
and analytical method used for determination
of the concentration of that element in the par-
ticular sample. The following abbreviations
were used to identify the type of analysis:

SSMS - spark source mass spectrometry
AA - atomic absorption
FAA - flameless atomic absorption with
double gold amalgamation
C - colorimetric
IE - USGS method specific ion electrode
MA - ASTM-2795-69 - mineral analysis
U - ultimate analysis
G - gravimetric :
NR - not reported, if present
< 0.1 ppm wt gasifier ash
< 0.001 ug/ml gasifier ash leach
The leaching procedure which was used con-
sisted of the following steps:

1. The samples were crushed to 60 mesh
and the 10 g of material being exam-
ined were weighed. Coal samples were
weighed air dry and ash samples were
weighed dry. 50 ml of deionized water
was added.

2. The above mixture was refluxed for 16
to 24 h at the boiling point of water.
The solution was filtered and/or
decanted until clear and the laboratory
examination performed on the clear
solution.

3. The liquid to solid ratio (5 to 1) was
maintained if a larger quantity was
used for leaching.

RESULTS AND DISCUSSION

Elemental Analyses were run on the follow-
ing samples:

*Mercer County lignite and its ash from the
SASOL gasification test. (See Table 1)

*Mercer County lignite ash leachate from the
SASOL gasification test ash. (See Table 2)

Dunn County lignite and its laboratory ash for
two coal samples: 4411 and 4413. (See Table
2)

Since gasifier ash using Dunn County lignite
was not available for leaching tests, laboratory
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ash was used in its place. Analyses were per-
formed, on each of the samples identified
above. The results of those analyses are
presented in Tables 1 and 2.

The data of Table 2 can be reduced by
calculating the percent leachable which is
determined with the following formuia:

% leachable = {CL * §/CA) * 100
where
CL =

concentration of element in the

leachate, pg/mi

CA = concentration of the element in the
ash, ppm
5 = ratio of water leach base to material
weight

Table 3 presents the leachable percentages
for each of the 73 elements and also reports
the ratio of Mercer gasification ash percentage
leachable to Dunn’s laboratory ash percent
leachable.

Tables 4 and 5 present the upper bounds for
the estimated effluent rates from a proposed
gasification facility (Somerville et al (1976)2)
and the maximum leachate rates that can be
expected. Table 4 presents the elements found
to be more soluble from gasifier ash, Table 5,
elements more soluble from the laboratory
prepared ash. Table 6 presents the ratio of the
elements for the two lignites, their ashes and
ash leachates. Table 7 examines the similarity
of element concentrations between the.
lignites, their ashes and ash leachates by re-
porting the cumulative probability of occur-
rence as a function of ratio range.

A visual examination of the element concen-
trations of Table 1 for the Dunn and Mercer
lignites reveals that they are similar. This obser-
vation is also supported by our experience with
Fort Union Lignites which indicates that they
are generally similar (Sondreal et al. (1968)5).
It is not obvious that the ash element concen-
trations reported in Table 1 are similar. This
may be due to the different environment that
Mercer ash experienced during gasification as
opposed to laboratory ashing environment. The
difference becomes even more pronounced in
the ash leachate data reported in Table 2. This
difference is further amplified when the per-
centage of the element that is leachable is
calculated and the ratio of the Mercer to Dunn
percentage leachable is calculated. These




TABLE 1

COMPARISOMN OF TRACE ELERMENT AND MAJOR CONSTITUENTS IN MERCER COUNTY
AND DUNN COUNTY NORTH DAKOTA LIGNITE AMND THEIR ASHES, ppm

Elemznt Drv cOa'.f’ b Ashb‘
Msrcer Co. Dunn Co. Mexcer Co. Dunn Co.
44T1 4413 Avg./i2 2811 2213
Samples

Ag <0.1 <0.1 < <0.3 <0.3
21 5,666° . 6,697% 63,2007 o92,000f  110,000%
as 8 11 9 10.13 74 36 30
Au <0.1 | . <0.1
B 56 135 39 62.95 1,680% 380 450
Ba 616° 113 s 229.82 8,270°  3,s00% 10,200%
Be 0.27 0.8 0.3 0.31 6 . 0.3 6.5
Bi <0.1 <0.1 _ 0.3 0.3
Bz 0.27 1.5  0.75 171 3 0.3 " 0.6
ca  16,225° 16,2069 181,600 236,000  300,000%
ca «f <0.15% <0.15%  o.:af o5t <
Ce 4.6 24 11 14.06 Jiso 37 85
c1 26.7 92 3 46.62 67 15 62
Co 1.2 10.7 4.5 4.98 13 6 6
cr 5.3 450 7.5 65.26 140 35 17
ce 4 1.1 - <0.15 0.26 Y 0.9 0.4
cu 10.6 73 17 22.92 27 - 18 27
Dy 0.67 <0.1 8 2 3
Ex <0.1 <0.1 4 0.5 1
Eun 0.4 0.3 0.3 0.26 4 . 0.5 0.8
F 29,39 259 249 20.839 199 . 2209 2509
Fe 7,936° 7,216%¢ 78,800% Mt uch
Ga 5.3 8 3 4.58 53 12 0.5
ca 0.8 <0.1 <0.1 0.23 5 0.9 2
ce 0.27 3 0.9 0.60 2 2 7
HE <0.1 <0.1 2 0.9 0.9
Hg 0.2% 0.1¢t 0.11*  o.20% 0.55*  o0.02% 0.04%
Ho ' 0.4 ) <0.1 5 0.6 0.9
1 0.13 0.15 0.3 0.39 2
ir <0.1 <5.1
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TABLE 1 (Continued)

Element Dry coa1®® Ash®
Mercer Co. Dunn Co. Mercer Co. Dunn Co.
4a11 4413 Avg./12 2411 3413
Samples
X 268% 4629 4,600% 11,200%  8,200f
La 16 3 1.5 5.83 74 16 34
Li 0.67 6 1.5 1.24 45 8 20
Lu <0.1 <0.1 0.5 0.1 0.2
Mg 3,877° 5,0399'¢ 42,1009 McP uch
Mn 70.7 383 38 248.90 760 Mc 210
Mo 4 43 63 22.22 12 6 10
Na 6,994° 2,395%% 58,6048  114,000% 174,000f
Mo 4 11 1.5 3.86 37 10 17
Nd 2.7 0.8 0.8 0.96 18 3 8
N 6.7 31 1s 11.55 25 30 15
os <0.1 <0.1
P 236° 19 3,5008 McD uch
b 2.7 8 1.5 5.44 58 32 33
Pd , <0.1 <0.1
Pr 1.3 1.5 0.5 0.85 8 2 4
Pt <0.1 <0.1
" 6.7 12 1.5 4.13 35 17 4
Re <0.1 <0.1
Rh <0.1 <0.1
Ru <0.1 <0.1
s 11,956° 13,0003 12,600% 29,300% 18,400
sb 0.27 0.9 0.45 0.31 4 1 2
sc 8 9 11 7.98 33 16 15
Se 0.4 1.5 0.6 0.85 0.5 0.2 1
si 9,114° 11,01%¢ 118,100  138,000F 128,000f
Sm 1.07 0.46 0.45 0.47 7 ‘ 2 2
sn 0.27 14 1.5 5.08 4 2 7
sr 1,720f 918 1,050 1,029.27 12,900% 40,000%  26,000f
Ta 0.1 <0.2 <0.1 <0.2
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TABLE 1 (Continusd) b

Elemant Dzy Cozl &7 o . aAsh
Mz=xgar Co. Dunn Co. !'IES;.'.CEZ Co. Dunn Co,
4411 48313 Avg./iz : 4411 4413
Sawzies

To 0.67 <01  <0.1 0.15 3 6.6 2
Ta .27 <0.1 <043 <0.2 <0.2
Th 4 9 1.5 3.64 45 ) 31
il 193° 301%°¢ 3,420% 610 nuch
71 <0.1 <0.1 5
™ <0.1 <0.1 0.5 0.2 0.2
u 4 6 1.5 3.15 7 7 8
v 21.3 61 14 121,93 150 28 20
v <0.1 3 .6 0.58 2 0.9 0.8
Y 13.3 54 42 23.11 320 34 43
e <0.1 <0.1 P i 2
Zn €.7 23 23 10.87 10 70 30
Zr 5.3 184 €S €38.42 520 100 94

®ana1ysiS ere reported on @zy coal basis.

hidathod of anzlyals, spark socurce mass spoctrometzy; unless noted ctherwise.

Datzction limits for coal and gasifier ash at 0.1 pom.

c&ndzaal, E.A,, Wayna R. Kuks, Jamas I. Elaezs, "analysis of the Northern Great Plains

Provinez Lignitas and Thalr Ash: A Study of Variability," U.S. Dept. of Interiorw,
Buraau of Minss, RI 7i58, 1958, analytical data tdken from Tables 3 and 4, pss,
avazrags of 22 gamples f£rom Indianhead Mins, Msresr County, M.D.

%isthod of analysis, ASTH, D 2795-89,
18, 1974,

ineral Analysis of Coal and Coke ash, part

eAvezaga of four lowsr bad composites, Nos. 3,4,5,6, Report of Paul Weir Co. %o
Natural Pi;c;line Co. of Rmozica, Ockobar 27, 1972.

fusthea of analysis, atomic absorption vs. agusous standards.

Fyathod of analysis, U.S.G.S. mathod, ion~sclective electzode.

hAnalysis not performad on thase ashes. Composite of lowsr beds 3,4,5 and 6 is
available and gives: dron, 64834 ppm; titanium, 2704 pom; magnesium, 45274 pom;
and phosphozous, 1177 pom.

iﬁethod of analysis, flameless atomic asbsorption (doudble gold amalgamation).

jﬁethod of analysis, ASTH D 271-88, Laboratory Sampling and Analysis of Cozal
and Colke, part 19, 18%%.
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Ag,
Al,
As,

Au,

Element
silver
aluminum
arsenic
gold

B, boron

Eu,
F,

Fe,

barium
beryllium
bismuth
bromine
calcium
cadmium
cerium
chlorine
cobalt
chromium
cesipm
copper
dysprosium
erbium

europium

fluorine

iron
gallium
gadolinium
germanium
hafnium
mercury

holmium

I, iodine

Ix,

iridium

K, potassium

TABLE 2

ASH AND ASH LEACHATE ANALYSES,

MERCER COUNTY LIGNITE AND DUNN COUNTY LIGNITE

Mercer County

Lignite

Dunn County Lignite

SASOL Gasifitation

Test

Ash
{ppm).
<1

63,400
74

1,680

8,270

3
181, 600>

0‘7

190
67
13

140

27

[

78,800
53

4,600%

Leachate 4411 Lab Ash ILeachate 4413 lab Ash Leachat-
(ug/ml) (ppm) (ug/ml {(ppm) (ug/m})
<0.3 <0.3
230 94,000 8 110,000 130
3 36 0.02 30 0.07
36.6 380 13.5 450 12.5
0.01 3,800 <1 10,200 . <1
0.3 0.5
0.3 0.3
0.3 0.3 0.01 0.6 0.01
19 236,000 380 300,000 95
<1 <0.01 <1 <0.01
3?7 0.007 85
38 15 2 62 3
0.02 6 <0.009 6 <0.03
0.07 35 0.2 17 0.2
0.02 0.9 0.06 0.4 0.04
0.05 18 0.2 27 0.4
2 3
0.5 1
0.5 0.8
220 <1l.5 250 2.8
0.3 mucP 0.5 ucP 1
12 0.02 0.5 0.5
0.9 2
0.005 4 0.004 7 <0.03
0.9 0.9
0.02 0.002 0.04 0.003
0.6 0.9
0.2
110 11,200 414 8,200 393




Element
&, lanthanum
i, lithium
Tai, lutetium
Mg, magnesium
Mn, manganese
Mo, molybdenum
Nz, sodium
Nb, nicbium
Nd, neodymium
nickel
Os, osmium
P, phosphorous
Fh, lezd

P4, palladium

Pr, praseodymium

Pt, platinum
Rb, rubidium
Re, rhenium
Rh, rhodium
Ru, ruthenium
S, sulfur »
Sb, antimony
Sc, scandium
Se, selenium
8i, silicon
Sm, samarium
Sn, tin

., strontium
Ta, tantallum
b, terbium

Te, tellurium

TABLE 2 {Continued}

Mercer County

Dunn County Lignite

Lignite _
SASOL Gasification
Test
Bsh  Teachate 4411 Iab Ash  Teachate 4413 Izb Ash Teachate
(pom} (ug/mi) (ppm) (rg/mi) {ppm) (Bg/ml)
74 16 0.006 34
45  0.002 8 <0.07 20 <0.07
0.5 0.1 0.2
42,1002 0.2 nc® 1 nc® 8
760 0.006 MC 6.04 210 0.2
12 1 6 1 10 2
59,604 7,100 114,000 8,600 174,000 12,700
37 10 17
18 3 8
25 0.009 30 0.06 15 6.05
3,500 0.9 uc® 1 nc® 1
58 0.007 32 0.02 33 <0.02
8 2 0.003 4
35 1 17 1 4 0.7
12,600 1,205 29,300 3,804 . 18,400 3,804
4 0.01 1 2 .
33 <0.003 16 <0.01 15 <0.03
0.5  0.02 0.2 <0.009 1 <0.09
118,100% 900 138,000 <5 128,000 <s
7 2 2
a 0.003 2 7
12,900 0.09 40,000 43 26,000 a5
<0.2 <0.1 <0.2
3 .0.6 1
<0.3 <0.2 <0.2
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Element
Th, thorium
Ti, titanium
T1, thallium
Tm, thulium
U, uranium
V, vanadium
W, tungsten
Y, yttrium
Yb, ytterbium
Zn, zinc

Zr, zirconium

TABLE 2 (Continued)

Mercer County

Lignite

SASOL Gasification

Test

Ash
Appm)
45

3,420%
5
0.5
7

150

320
4
10
520

Dunn County Lignite

Leachate 4411 Lab Ash Leachate 4413 Lab Ash Leachate
(ug/ml) (ppm) (ug/ml1) (ppm) (ug/ml)
8 31
0.1 610 0.3 HCb 0.4

0.2 0.2
7 8
8 28 0.3 20 0.2
0.04 0.9 0.03 0.8 0.05
<0.02 34 48
1 2
0.02 70 0.1 30 0.4
100 0.3 94

®Method of Analysis ASTM D2795-69, Mineral Analysis of Coal and Coke Ash, Part 19, 1974.

bAnalyses not performed on these ashes.
able and gives:

Composite of lower beds 3, 4, 5, and 6 is avail-
iron, 64834 ppm; titanium, 2704 ppm; magnesium, 45274 ppm; and
phosphorous, 1177 ppm.




TABLE 3

PERCENT OF ELEMENT LEACHABLE FROM MERCER COUNTY
. GASIFIER ASH AND DUNN COUNTY LIGNITE LABORATORY ASH

Mercer County - ‘Dunn County

SASOL Ash Lab Ash _ ~ Ratio
Elemant S, . )
3 Leachable (Avt_: :zaﬁi?e%ls) Mercer/Dunn
Ag, silver 0.5 |
1, aluminum 1.8 0.32 | o 5.63
&g, arsenic 20.3 0.74 27.43
Au, gold | ] _ .
B, boron i0.9 . i5.¢ | 0.69
Bz, barium 0.0006 <0.0% ' >0.0%
Be, beryliium | ;
- Bi, bismuth
Br, bromine : A 50 i3 . _ 3.85
Ca, calcium 0.05 0.49 102
Cd, cadmium <5 . '
. Ce, cexium 1 0.09 _
cl, chlozine 283% 46 '
Co, cobalt 0.77 1.6 0.48
Cr, chromium 0.25 - 4.4 : "0.08
Cs, cesium i.1 ' 42 _ 0.03
Cu, copper 0.93 | 7 0.1i3
Dv, dysprosium ' B
Er, erbium
Eu, europium _
¥, fluorine '10.2 4.5 2.27
Fe, iron 0.002 <0.4 >0.01
Ga, gailium S.4 .4 i.74
Gd, gadolinium
Ge, germanium 1.3 <i.3 >
HE, hafnium | _
Hg, mercury 0.91 4.4 0.21
Ho, holmium
. I, iodines 50
Ir, iridium
K, potassium i2 21.3 0.55
Lz, lanthanum 0.1¢
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Li, lithium
Lu, lutetium
Mg, magnesium

Mn, manganese

Mo, molybdenum

Na, sodium
Nb, niobiun
Nd, neodymium
Ni, nickel

Os, osmium

P, phosphorous

Pbh, lead
Pd, palladium

Pr, praseodymium

Pt, platinum
Rb, rubidium
Re, rhenium
Rh, rhodium
Ru, ruthenium
S, sul fur

Sb, antimony
Sc, scandium
Se, selenium
Si, silicon
Sm, samarium
Sn, tin

Sr, strontium
Ta, tantallum
Tb, terbium
Te, tellurium
Th, thorium

Ti, titanium

TABLE 3 (Continued)

Mercer County

Dunn County

SASOL Ash Lab ash
% Leachable
% Leachable (Avg. of 4411, 4413)
0.02 11
0.002
0.004 <0.25
41.7 92
60.6 37.1
0.18 1.4
0.13 <0.5
0‘06 0. 31
.75
14.3 59
47.8 84
1.3
0.05 <0.66
20 <34
3.8 <0.02
0.4
0.003 0.71
.01 <2.3

302

Ratio

Mercer/Dunn

0.002

>0.02
0.45
1.63

0.13

>0.26
0.19

0.24

0.57

>0.08
>0.59
>190

0.004

>0.004




TABLE 3 (Continued)

Mercer County ‘Dunn County
SASOI. Ash ILab Ash Ratio
Fhement % Leachable ( Avgsf i:a:zi%e 4413) Mercer/Du

T1, thallium
Tm, thulium
U, uranium . _
VvV, vanadiun 26.7 5.2 5.13
VW, tungsten 16 ' 24 0.42
¥, yttrium 0.03
Yb, ytterbium )
Zn, zinc 1 . 3.7 , 0.27
Zr, zirconium 1.5

a . .
Irrational number, unexplained erzorx.
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aluminum
arsenic
bromine
fluorine
gallium
germanium
silicon
sodium

vanadium

TABLE 4

ESTIMATED MAXIMUM SOLUTION RATES FOR
ELEMENTS MORE SOLUBLE FROM GASIFIER ASH®

Ratio of
to
Mercer/Dunn
Ash Leachate
Rates

5.63
27.43
3.85
2.27
1.74
>1.0
>190
l.63
5.13

Dunn Co. Laboratory
Estimateg Dunn County Ash,
Effluent % Leachable
(1bs/day)
243,600 0.32

339 0.74

61 13

513 4.5

168 5.4

22 <1.3
393,200 . <.02
86,000 37.1

800 5.2

aMercer County coal processed at Sasolburg, South Africe.

bBased upon Somerville, et al (1976)1.

Gasification Plant.
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Estinatodb
Maximum
Leachate Rate
(1bs/day)

780
2.5
7.9
23.1
9.1
<0.3.
78.6
31,906
41.6

Data is for a 250 MMSCFD Dry Ash Lurgi




TARBLE &

ESTIMATED MAXIMUM SOLUTION RATES FOR
ELERIENTS MORE LEACHABLE FROMN] LABORATORY PREPARED ASH?

Ratio of Du:.m Co. s. Est:'f.mated
Leachate. (ibs/day) : (ibs/day}
“Eozon 0.69 2,303.5 15.9 366. 3
barium >0.01 ' 8,188.7 <0.0% 7.4
calcium - .102 588,800 0.49 2,885
cocbalt  0.48 178.19 1.6 ‘ 2.9
chromium 0.06 2,349.5 . 4.a 103.4
cesium 0.03 9.48° a2 . 4.0
COpDer 0.i3 789.7 7 55.3
‘iran >0.01 235,250.5 <0.4 . <1,053.0
mercury 0.21 . 6.10 4.4 0.0
potassium 0.5% 16,650.2 21.3 3,546.5
iithium 0.002 ' 45.29 11 . 5.0
 pmanganese >0.02 9,098.6 | <0.25 <22.75
rolvkdenum 0.45 €91.9 92 €356.5
nickel 0.13 , 397.1 1.4 : 5.6,
phosphorous >0.26 4,658.4 <0.5 <23.3
lezd 6.1 177.01 .31 o 6.5
rubidium 0.24 147.62 59 ' 87.1
sulfur 0.57 56,048.9 84 ' 47,081.1
scandium >0.08 288.18 <0.66 <1.9
selenium >0.59 4.32 <34 <1.5
strontium 0.004 37,815.9 0.71 268.5
titanium >0.004 9,827.4 <2.3 <225.0
tungsten 0.42 21.37 24 - |
zinc 0.27 209.3 3.7 11.1

‘Dunn County Coal, samples 4411 and 4413, processed in the laboratory.

bBased uron Somerwvilie et al _(1976)3.’ Data is for a 250 MMSCFD Dry Ash Lurgi Gasification
Plant v
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TABLE 6
RATIO OF ELEMENT CONCENTRATION IN MERCER COUNTY

LIGNITE, ASH AND ASH LEACHATE TO THOSE OF DUNN COUNTY .

Element ' Lignite® A_sﬁa Ash Leachate
Ag, silver 1.00P7¢ 3.00 N
Al, aluminum 0.85° 0.62 5.63
As, arsenic 0.80 2.24 27.43
Au, gold 1.00° N N
B, boron 0.64 4.05 0.69
Ba, barium 6.35 1.18 >0.01
Be, beryllium 0.49 15.00 N
Bi, isruth 1.00° N N
Br, _romina 0.24 6.66 3.85
Ca, calcium 1.01° 0.68 .102
Cd, cadmium 6.67 0.50 N
Ce, cerium 1.98 3.11 N
Cl, chlorine 0.41 1.74 N
Co, robalt 0.16 2.17 0.48
Cr, hromium 0.02 5.38 0.06
Cs, cesium 6.40 13.85 0.03
Cu, copper 0.24 1.20 0.13
Dy, dysprosium 6.70c 3.20 N
Er, erbium 1.00° 5.33 N
Eu, europium 1.33 | 6.15 N
F, fluorine 1.20 0.81 2.27
Fe, iron 1.10° N >0.01
Ga, gallium 0.96 8.48 1.74
Gd, gadolinium 8.00 3.45 N
Ge, germanium 0.14 0.36 >1.00
Hf, hafnium l.OOc 4.44 N
Hg, mercury 1.60 1.83 0.21
Ho, holmium 4.00 6.67
I, iodine 0.58 N
Ir, iridium 1.00 © N
K, potassium 0.58 ¢ 0.47 0.56
La, lanthanum 3.05 2.96 N
Li, lithium 0.18 3.21 0.002
Lu, lutetium 1.00 © 3.33 N
Mg, magnesium 0.77 ¢ N N
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Element

Mn, manganese

Mo, mwolybdenum

Na, sodium
Nb, nicbium
Nd, neodymium
Ni, nickel

Os, osmium

P, phosphorous

Pb, lead
Pd, palladium

Pr, praseodymium

Pt, pletinum
Rb, rubidium
Re, rhenium
Rh, rhodium
Ru, ruthenium
S, sulfur

Sb, antirmony
Sc, scandium
e, selenium
Si, silicon
Sm, samarium
Sn, tin

Sr, strontium
Ta, tantallum
Tn, terbium
Te, tellurium
Th, thorium
Ti, titanium
T1, thallium
Tm, thulium

.U, uranium

V, vanadium
W, tungsten
Y, yttrium

Yb, ytterbium

TABLE € (Continued)

Liggitea
0.34
0.08
2.02°%
0.62
3.38
0.29

C
1.00
[ ]
1.80
0.57
C
1.00
1.30
Cc
1'00
0.99
1.00
1.00
1.00
0.92
0.40
0.80
0.38
C
0.83
2.35
0.03
1.76
N
6.70
(o
2.70
0.76
C
0.64
1.00°
1.00°€
1.07
0.57
0.06
0.28
1.00°€

o a o 0

a7

a
Ash

3.62
1.50
0.41
2.74
3.27
1.11
N
N
1.78

2.67

3.33

0.53
2.67
2.13
0.83
G.89
3.50
0.89
0.39
1.33
3.75
1.50
2.31
5.61

2.50
.23
€6.25
2.35
7.80

2.67

Ash Leachate
>0.02
0.45
1.63
N
N
0.1i3

>0.26
0.1e

0.57
>0.08

>0.59
>190

0.004

2 =72 2

$0.004

.42




Element
Zn, zinc

Zr, zirconium

Lignite

0.29
0.68

TABLE 6 (Continued)

a

NNot calculable due to missing data.

I\sha

0.20
5.36

Ash Leachate

0.27

fcalculated on the basis of the average of 4411 and 4413 unless otherwise noted.

Number calculated on basis of a less than or greater than number.

1l and 3.

See tables

cCalculated on the basis of an average of 12 samples instead of an average of

4411 and 4413.

Concentration
Ratio Range

0.5 through 2.0
0.25 through 4.0
0.10 through 10.0

TABLE 7

OF CONCENTRATION RATIOS

CUMULATIVE PROBABILITY OF COMMON OCCURANCE
OF ELEMENTS, IN MERCER AND DUNN COUNTY LIGNITES
THEIR ASHES AND ASH LEACHATES AS A FUNCTION

Total samples

Total ratio range

Lignite Ash Ash Leachate
Number ef |Percent Number of‘|Percent Number of | Percent
Elements Elements Elements

43 58.9 17 28.8 7 21.2
57 78.1 44 74.6 14 42.4
68 | 3.2 57 %.6 22 6.7
73 100.0 59 100.0 33 100.0

0.02 through 8.0

0.20 through 15

0.002 through 190

%The ratio reported is the ratio of the Mercer County sample concentration in ppm

to the Dunn County samples in ppm. See Table 6 for ratios for individual elements. .
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results, in Table 3, show wide variability with
little similerity between the fraction leachabls
from the Mercer gesified ash and Dunn
laboratory ash.

In examining Table 3, two things are ap-
parent, neither of the samples (Dunn nor
Mercer) are dominant in the leach tests and the
variation in the ratio of the Mercer to Dunn per-
cent leachable is large (0.002 to 190). Only
" five of the 33 elements common to both
samples fall within plus or reinus 50 percent of
ong another (ratio of .B to 1.5). The variability
of the results leads one to postulate, and
perhaps conclude, that iaboratory prepared ash
is not representative of gasifier ash. This result
waes anticipated by the authors because of the
differences in the previous chemical en-
vironments (particularly temperature) of the
laborstory prepared ash and gasifier ash.

Twenty-four of the 33 elements reported in
Teble 3 show that Dunn County lignite
laboratory prepared ash is more leachable than
gesifier ash while nine were less leachabls.
Consequently, in the majority of cases (73%)
the maximum solution rate is given by the
laboratory prepared ash. These maximum solu-
tion concentrations and their rates are not to be
confused with the actual field leachate concen-
trations and would be expected to be con-
siderably lower than (1/10 to 1/1000 -authors’
judgment} the maximurm value reported. Fur-
therrmorg, as time procesds the actual leach
rates and concentrations will degline due to in-
creased compaction of the returned overburden
and the progress toward chemical equilibrium
between the ash and infiltrated groundwater.

In spite of the above, an estimate of the max-
imum initial sclution rates in pounds per day
has besn made. The results of this analysis are
shown in Tables 4 and E. These data were
generated using Table 3 (columns 1 and 3) and
data from Somerville, et al. {1876)2. The
results of the analysis have been separated into
two tables (4 and B) to show which elemnents
were more leachable from the gasifier ash and
which were more leachable from the laboratory
prepared ash. The first table, 4, presents the
results for the gasifier ash; the second, 5, for
the laboratory ash. The resulis indicate that the
sulfur, sodium, calcium, potassium, and iron
have the highest potential to enter the ground-
wsater system through the leaching process.

The pH of the ash leachates always indicated a
basic solution compatible with Fort Union
Lignite. All of these elements presently exist in
the groundwater of Dunn County.

The similarity of the two coals can be ex-
amined by forming the ratio of the concentra-
tions for each element in the lignites, their
ashes, and of the percentage leachable in the
ashes. These ratios are reported in Table 6. A
ratioc value of unity means that the same con-
centration (dry coal basis) exists in both coals.
Consequently, many ratio values close to unity
imply a basic similarity between the two groups
of samples. Examination of Table 6 shows that
Mercer and Dunn County lignites are quite
similar. This is also borne out by Table 7 which
shows that 58 percent of the elements had a
ratio value that fell between 0.5 and 2.0.
Based upon our experience and others (Sse
Table 10 of Gluskoter et al. (1977)f) this level
of variability is typical of coals including
western coals. On the other hand, examination
of the ash and ash leachate columns indicates a
general decrease in similarity. This is particular-
ly true of the ash leachates which show only
67 percent of the elements falling within an
order of magnitude of one another (ratic range
of 0.1 to 10). A similar divergence from the
lignite samples, although not as pronounced,
can also be observed in the ash samples.

Trace Elements and
Environmental Anialysis
of Groundwater Imipact

There are severa! reasons, why the above
data are not well suited to environmental
analyses dealing with groundwater impact of
mine disposed solids. Some of the ‘principal
reasons are:

*The chemistry of the element in the coal,
ash, and ash leachate is completely undefined.

*A basic understanding dealing with the
chemistry of trace metal components in the
geochemical setting is missing.

*The physical system setting is immensely
complex; it includes a short term {years), vary-
ing, ill-defined geology, particularly during
post-rnining conditions. Further, the gecchem-
istry varies with depth and topography and the
surface experiences a random distribution and
water influx (rain).

*The potentially complex chemistry of the




ash when combined with other disposed solids
and sludges is not well understood. {e.g., cool-
ing tower blowdown, biotreatment sludges (if
any} and water treatment plant sludges).

*The general lack in terms of both quality
and quantity of the geological field data re-
guired by the sophisticated mathematical
models that possess the potential, aithough
presently not the capability, to predict post-
mining groundwater chemistry and ground-
water impact.

In spite of the above, the data are somewhat
useful in determining what elements are likely
to not have significant impact from a quantity
view point. Additionally, the analyses can nar-
row considerably the breadth of investigation
required to assess the potential impact,

CONCLUSIONS

The data presented indicate that Mercer and
Dunn County lignite are basically similar in
terms of trace element constituents. Although
not entirely conclusive, the same is not true of
their ashes and ash leachates. Assuming that
their ashes and ash leachates should show the
same basic similarity, one has to conclude that
the processes the two lignites and their ashes
were exposed to are responsible for differences
in elemental constituents. Consequently, it is
probable that the laboratory ashing procedure
(ASTM D 271-68) does not simulate the
gasification process well enough to allow use
of the laboratory data in environmental
analyses.

Further, the quantity and variability of the
data reported, as well as the reasons cited
above, indicate that use of analytical data of
this type in a mathematical model! will be dif-
ficult, if not impossible. Use of "‘worst case’’
experimental bioclogical screening analyses may
be the only near term solution to this problem.
it is clear that use of trace element analyses
alone do not address the groundwater impact
question,

RECOMMENDATIONS

The following recommendations are those of
the authors and do not necessarily represent
the position of either the Engineering Experi-
ment Station or the sponsor.
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1. Groundwater monitoring wells should be
established in and adjacent to the mine and
waste disposal areas. The wells should be
sampled and samples analyzed for trace and
major inorganic elements and organic com-
pounds.

2. Trace element emissions from a gasifica-
tion facility should not be regulated until their
impact is well understood and adequate and in-
expensive instrumentation is developed.

3. Samples of Mercer County lignite should
be obtained, ashed under ASTM D 271-68 and
leached. Elemental analysis of the ash and its
leachate should be completed and compared
with the data of this report.

4. A laboratory ashing technique that
simulates the Lurgi dry ash gasification en-
vironment should be developed.

The first recommendation is obvious, and
this would probably be required under existing
laws. The second is justified in the authors’
view by the following:

*The results of this study indicate that even
under ‘‘'worst case’’ conditions trace element
impact will be minor.

*There have been only scattered instances
of negative trace element impact in several
decades of successful power plant operation. A
gross environmental impact has not been
observed.

*The measurement techniques for both trace
element determinations and their impacts are
still being developed and are expensive and dif-
ficult to complete.

*Monitoring of trace element emissions
{gaseous, solid, or liquid) would be very dif-
ficult to carry out on a continuous basis with
existing equipment.

The third recommendation would complete
the baseline data missing from this paper. The
fourth action is needed to allow prospective
developers to make reasonable assessments of
the potential impact of disposed gasification
ash in the mined area.
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APPENDIX A, ANALYTICAL METHODS USED
IN DETERMINING TRACE ELEMENT CONCEN-
TRATIONS IN THE LIGNITE AND ASH
SAMPLES

Analytical Methods

Several independent methods were used in
the analysis of the samples resulting in some
duplication for certain elements. In cases
where the survey analysis, Spark Source Mass
Spectrometry {(SSMS) for a particular element
was duplicated by a more precise analysis only
the latter results are reported. The methods of
analyses utilized were: spark source mass
spectrometry, atomic absorption, ion-specific
electrode, ultimate analysis and mineral
analysis using gravimetric, volumetric, and col-
orimetric procedures.

SSMS has several advantages for trace ele-
ment surveys and has become a commonly

used analytical tool for the analysis of fossil

fuels. SSMS aliows the simultaneous deter-
mination of approximately 80 elements with
typical detection limits for the majority of
elements in the order of 50 to 100 parts per
billion. An advantage of the spark source mass
spectrograph is that it utilizes a small amount of
sample. This fact can be a benefit when the
samples are limited but is a disadvantage when
tonnage quantities are to be represented by a
spark source trace element scan. Sample
preparation is extremely important in SSMS,
but, as in any trace element analysis, large
scale samples cannot be accurately repre-
sented unless great attention is paid to sampie
preparation,

The procedure for coal analysis includes
reduction of the size of the sample particles to
-200 mesh. The gasifier ash leach samples
were thermally ashed at 350°C in a quartz
boat in a laboratory oven. A portion of the sam-
ple was then mixed with an equal weight of
high purity compactable graphite. An internal
standard, indium, was added along with a few
drops of redistiiled ethyl alcohol. The mixture
was slurried with redistilied alcohol in an agate
mortar and pestle. The sample-graphite siurry
was dried using infrared lamps. The procedure
was then repeated, slurrying and drying, until a
homogeneous electrode mixture was assured.
The sample-graphite mix was then packed into

312

holes drilled in a specially cleaned polyethylene
slug. This slug was then inserted into a metal
die and subjected to about 15 to 18 tons of
force. The sample-graphite electrodes were
then mounted in the machine for sparking.

The mass spectrum produced on the
photoplate is a summation of the elemental
components of the electrode. The ion intensity
of a spectral line is related directly to the con-
centration of the components at least over a
concentration range of 10%:1, Therefore, by
running a series of decreasing exposures, the
relative concentration of elements from a major
to a trace can be established by knowing the
concentration of the internal standard added
during sample preparation. Analysis by spark
source mass spectrometry will not report
elements with concentrations greater than
1,000 parts per million wt. Elements above this
amount are reported as major components
(MC).

Mineral analyses were performed by pro-
cedure listed ASTM D-2795-69, Gaseous
Fuels: Coal and Coke. Atmospheric Analysis,
Analysis of Coal and Coke Ash, part 26,
November 1974. Due to the small amount of
whole dry coal available for analysis, an addi-
tional source of data for the mineral analyses of
coal samples from the same mine was sought.
A report by the U.S. Bureau of Mines, Rl 7158,
containing average values from 22 sample
locations in the North American Mine at Zap,
North Dakota, was used to support, and in
some cases supplement, values obtained for
the coal sample analyzed in this study (Son-
dreal et al. 1968)% The following elements
were determined in the coal and gasifier ash
from the mineral analysis: aluminum, calcium,
iron, magnesium, phosphorus, potassium,
silicon, sodium, suifur, and titanium. The con-
centrations of 14 elements in several of the
samples were determined individually by wet
chemical methods.

Mercury was determined in all samples by
flameless atomic absorption with a double gold
amalgamation using the following procedure.
The sample was burned in a quartz tube and the
mercury was collected on a gold coil. The gold
coil was heated and the mercury transferred to
a second gold coil. The second gold coil was
heated and the mercury passed through a cell in




the light path of the atomic absorption spec-
trometer. The two transfers serve to remove
hydrocarbon interferences. The equipment was
standerdized by injecting known amounts of
mercury vapor into the system.

Fluorine was determined in all samples using
the USGS method of analysis. The samples
were ashed in & slurry of magnesium oxide and
magnssium nitrete and then fused with sodium
hydroxide. The dissolved fusion was buffered
with emmonium citrate, and the fluorine was

determined using a fluoride specific-ion- -

electrode.

Cadmium was determined in all samples via
atomic ghsorption using the following pro-
cedure. The samples were put into solution us-
ing agua regia and hydrofluoric acid. They were
then stabilized with boric acid and analyzed via
stomic absorption versus agueous standards
having the same boric acid content.

Barium and strontium were analyzed for by
atomic absorption, using the procedure out-
lined above, in the dry coal ash and gasifier ash.

Boron was analyzed in the gasifier ash and
gasifier ash leach by the following msthods.
The gasifier ash weas washed in sodium car-
bonzte and then fused to obtain a solution
followed by a distillation to remove in-
terferences. The solution was then analyzed via
& curcumin colorimetric analysis. The gasifier

ash leach was run directly with boron deter- -

mined by the curcumin colorimatric method.

Leaching Method

Since it was suspected that many of the
elements found in coal would probably be re-
tained in the gasifier ash, and plans for burial of
the ash in the mine area, an experiment was
designed to study the leaching characteristics
of the coal ash and gasifier ash.

Ten grams of gasifier ash, ground to pass a
-60 resh scresn, were slurried with 50 ml of
distilled-demineralized water. The solution was
refluxed for 16 to 24 h with the temperature
held at the bolling point of water, At the conclu-
sion of the refluxing the leachate was analyzed
with the following tests performed.

1. Survey Analysis - Spark Source Mass

Spectrometry . -

2. Fuorine - USGS Method lon-Specific Elec-
trode '

Mercury - Flameless Atomic Abserption
Boron - Atomic Absorption
Sodium - Atomic Absorption
Strontium - Atomic Absorption
Barium - Atomic Absorption
Aluminum - Atomic Absorption
A Calciurn - Atomic Absorption
10. Silicon - Atomic Absorption
11. Potassium - Atomic Absorption
12. Cadmium - Atomic Absorption
13. Sulfur - Gravimetric

Table A-1 reports the method used for each
of the 73 elements.
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TABLE A-1

ELEMENTS CONSIDERED AND ANALYTICAL
METHOD USED FOR CALCULATIONS*

\ Whole Gasifier Ash
Elements Coal Ash Leach

1. 2g, silver NR SSMS SSMS
2. Al, aluminum MA MA AA
3. As, arsenic SSMS SSMS SSMS
4. Au, gold NR NR NR
5. B, boron SSMS C C
6. Ba, barium AX AA AA
7. Pe, beryllium SSMS SSMS NR
8. Bi, bismuth NR NR NR
9. Br, bromine SSMS SSMS SSMS
10. Ca, calcium MA MA AA
11. Cd, cadmium AA AR AA
12. Ce, cerium SSMS SSMS NR
13. Cl, chlorine SSMS SSMS AA
14. Co, cobalt SSMs SSMS SSMS
15. Cr, chromium SSMS SSMS SSMS
16. Cs, cesium SSMS SSMS SSMS
17. Cu, copper SSMS SSMS SSMS
18. Dy, dysprosium SSMS SSMS NR
19. Er, erbium NR SSMS MR
20. Eu, europium SSMS SSMS NR
21. F, fluorine IE IE : IE
22. Fe, iron MA MA SSMS
23. Ga, gallium SSMS SSMS SSMS
24. Gd, gadolinium SSMS SSMS NR
25. Ge, germanium SSMS SSMS SSMS
26. HEf, hafnium NR SSMS NR
27. Hg, mercury FAA FAA FAA
28. Ho, holmium SSMS SSMs NR
29. I, iodine SSMS SSMS SSMS
30. Ir, iridiun NR NR NR
31. K, potassium MA MA AA
32. La, lanthanum SSMS SSMS NR
33. Li, lithium SSMS SSMS SSMS
34. Lu, lutetium NR SSMS NR
35. Mg, magnesium ~ MA MA SSMS
36. Mn, manganese SSMS SSMS SSMS
-37. Mo, molybdenum SSMS SSMS SSMS
38. Na, sodium MaA MA AA
39. Nb, niobium SSMS SSMS NR
40. Nd, neodymium SSMS SSMS NR
41. Ni, nickel SSMS SSMS SSMS
42. Os, osmium NR NR NR
43. T, phosphorus MA MA SSMS
44. Pb, lead SSMS SSMS SSMS
45. P4, palladium NR NR NR
46. Pr, praseodymium SSMS SSMsS NR
47. Pt, platinum NR : NR NR
48. Rb, rubidium SSMS SSMS SSMS
49. Re, rhenium NR NR NR
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TABLE A-1 (Continued)

Flements Whole Gasifiex Ash

‘ Coal Ash ieach

50. Rh, rhodium NR NR NR
51. Ru, ruthenium NR NR NR
52. 8§, sulfur WiC MA wc
53. 8b, antirony SSHS SS¥S SSMS
54. sc, scandium Ssus ssMs SsMS
55. Se, selenium gSMS SSMS SSHS
§6. 8i, silicon Ma MA AR
87. Sm, samarium S8M8 SsMs NR
58. 8n, tin S8MS SSHS SSHS
59. 8r, strontium AR AR AR
€60. Ta, tantalum NR SSMs NR
€l. Tb, terbium SSMS SsHs -NR
€2. Te, tellurium ssMs Ssus NR
€63. Th, thorium SSMs ss51s NR
64. Ti, titenium M3 Ma SSHS
65. Ti, thallium NR SSMS NR
€5. Tm, thulium NR E8MS NR
67. U, uranium SS¥s SSMS NR
€2. V, vanadium SSHS SSHMS S8Ms
62. W, tungsten NR SSMS s8H8
70. Y, yttrium SSMS SSMS SSMS
71. Yb, ytterbium NR SSHMS NR
72. Zn, zinc ssMs - SEMS SSHMS
73. %r, zirconium SsMs SSMS NR

a1yt1cal procedure used, msanxng of symbols:

C - curcumin colorimetric analysis -
AR - atomic absorption versus aqgueous standards
IE - ion-selective electrode
MA - standard mineral analysis, ASTM D2795-69

NR - not reported

wC

58MS

- wet chemical or gravimetric';
FAR - flameless atomic absorption

ppm
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spark source mass spectrometry, detection limit cons;dezed <0. l




