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Biochemical Removal of HAP Precursors from Coal 

Little Bear Laboratories, Inc. 
DE-AC22-95PC95155 

Executive Summary 

During this first quarter of the contract a Management Plan (Project Task 1) was 
prepared and submitted to DOE. The plan was presented and discussed with 
DOE-PETC at a project kick-off meeting held in Pittsburgh on November 13, 
1995. Shortly thereafter, the plan was approved by Dr. Mike Nowak, the 
Contracting Officer's representative. 

A Pittsburgh No. 8 coal was obtained from DOE for initial shake flask tests to 
determine if pyrite oxidizing bacteria can remove HAP precursors from coal 
(Task 2). A pyrite oxidizing bacterial culture was adapted to the coal. By the 
end of the quarter, the first shake flask tests were begun and analysis of the 
starting coal for HAP precursors was initiated. In order to identify additional test 
coals for the project, the Penn State sample bank and Illinois Basin Coal Sample 
Program (IBCSP) were contacted. The IBCSP can supply drum quantities of 
certain Illinois Basin coals for scale up tests of biochemical removal of HAP 
precursors in the novel siurry column reactor at the Idaho National Engineering 
Laboratory (Task 4). The U.S. Geological Survey and National Institute of 
Stamlards and Technology (NIST) were contacted in connection with obtaining 
coals with certified or known mercury content. NIST has no such coals. The 
L'SSS is preparing one. A letter was sent to the USGS requesting a sample 
when it is available. 

Concise Summary of Work Perfarmed 

The project management plan was submitted and approved. A coal pyrite 
oxidizing bacterial population was adapted to Pittsburgh coal and was used to 
inoculate the first shake flask tests for HAP precursor removal. Analyses were 
conducted on NiST 1632b, a bituminous coal certified for many of the inorganic 
HAP precursors. 

Variances: No major variances to the management plan were encountered. 

Open items: None 

Forecast for Upcoming Quarter: Analytical procedures for accurate 
determination of Se, Sb and Hg in coal will be completed in accordance with the 
discussion below. The shake flask tests with Pittsburgh coal will be completed. 
An Illinois Basin cod1 vviii be obtained and prepared and shake flask tests with 



this coal can probably be nearly completed by the end of the quarter. A 
laboratory leach column system with rotating biological contactor wiil be 
constructed and the first column tests will be initiated. 

Technical and Scientific Results 

The project management plan (Task 1) was prepared and submitted to DOE on 
time. The project kick off meeting to discuss the plan was held in Pittsburgh on 
November 13, 1995. The major technical issues discussed at the meeting were 
1) the choice ef coals for the biochemical testing, 2) the HAP precursor elements 
of key importance, and 3) analytical standards and sources of coal, i.e. coal 
sample banks. 

Choice of coa/s. It was determined that biochemical HAP precursor removal 
tests with a Pittsburgh No. 8, an Illinois Basin coal (e.g., Illinois No. 6), a Powder 
River Basin coal, and a northern Appalachian coal would be of most value to 
DOE. Potential sources of these coals are DOE-PETC, the Illinois Basin Coal 
Sample Program (IBCSP), the Penn State coal sample bank, and the Argonne 
premium coal sample program. Lab tests at Little Bear Laboratories during 
phase 1 require only kg quantities of coal, but drum quantities would be required 
by the Idaho National Engineering Laboratory for scale up tests in their slurry 
column reactor. Discussion with the IBCSP indicates they have certain 
characterized and unoxidized coals available in drum quantities. 

Additional discussions were held with Dr. Karl Noah of INEL 2nd Dr. Graham 
Andrews, formerly of INEL, about the types of coals suitable for the lNEL slurry 
column reactor. Dr. Andrews, under whose direction the reactor was developed 
and tested, visited Little Bear Labs during the first quarter for these discussions. 

Key HAP Precursors. Although biochemical removal of 13 of the the HAP 
precursor elements will be tested in this project, 5 are of primary importance to 
DOE: mercury (the most important), cadmium, selenium, arsenic, and chromium. 
It will be important to obtain good mass balances for these elements in the 
biochemical test work. Consequently, test coals should be selected that have 
sufficient quantities of these elements for accurate quantitation. 

Standards and Sample Banks. Though bituminous and subbituminous coal 
standard reference materials (SRMs) certified for most HAP precursors are 
available from NIST, these have no certified or informational values for mercury. 
SRM 1630, trace mercury in coal, is no longer available from NIST. Dr. Robert 
Finkelman of the U.S. Geological Survey indicated that the USGS was preparing 
a coal containing a “suggested value for mercury. The IBCSP provides trace 
element data (including mercury and many HAP precursors) with many of its 
coals. It will be important to obtain a coal standard with a reliable value for 
mercury. 
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Information was obtained from the Penn State coal sample bank and the IBCSP 
regarding the nature and trace element content of coals in their sample banks. 

Test Cua/s. The first test coal, a Pittsburgh No. 8 coal, was obtained from the 
Process Research Facility of DOE-PETC’s Coal Preparation Division, through 
Dr. Dennis Finseth. Two 1 kg bottles were obtained: one contained +I 00 mesh 
coal, the other -100 mesh. A portion of the -100 mesh coal sample was 
sterilized by heating to 105°C under argon for one hour on successive days. 

In order to obtain a culture of pyrite oxidizing bacteria adapted to coal, ten grams 
of the -100 mesh coal plus 1 gram of mineral pyrite (NIST 8455) were added to 
90 ml of modified Kelly medium (MKM) in a 250 ml Erlenmeyer flask. MKM 
contains (per liter of distilled water) 0.4 g ammonium sulfate, 0.4 g magnesium 
sulfate heptahydrate, and 0.04 g potassium dihydrogen phosphate. The pH was 
adjusted to approximstely 2.0 with sulfuric acid. The flask was inoculated with a 
consortium of acidophilic iron and sulfur oxidizing bacteria, originally obtained 
from Pittsburgh coal and acid mine water in Pennsylvania. The flask was 
incubated on a gyratory shaker at 25°C and agitated at 180 rpm. After a few 
days, pyrite oxidizing bacteria had grown in the flask as evidenced by large 
numbers of cells in solution (>1O8/mI), falling pH values, and a high ratio of 
Fe(lll) to Fe(ll) concentration in solution. 

At the end of the quarter, the coal-adapted culture was used to inoculate the 
initial shake flask test to determine pyrite oxidation and HAP precursor removal. 
For this test, 30 grams of the sterilized minus 100 mesh Pittsburgh coal plus 120 
ml of MKM were added to each of four 500 ml Erlenmeyer flasks. Two of the 
flasks were inoculated with 1.2 ml of washed cell suspension, giving an initial 
cell concentration of I 07/ml. Duplicate flasks remained uninoculated. The cell 
suspension was prepared by removing to a centrifuge tube ten ml of the active 
coal adapted culture described above (5 x 1 O8 cells/ml). The cells were 
centrifuged at 4000 x g for 10 min. The supernatant was discarded, and the 
cells resuspended in 5 ml of MKM prior to inoculation of flasks. Twice weekly, 
the flasks are being monitored for progress of bacterial pyrite oxidation by 
measurement of pH, and concentrations of sulfate, ferric and ferrous iron. 

Analyfica/lethudu/ugy. Prior to analyses of test coals for HAP precursor 
content, the coal analytical scheme was tested with NIST 1632b, a bituminous 
coal certified for trace metal content. Duplicate samples of the coal were carried 
through low temperature ashing followed by digestion in hydrofluoric acid, 
hydrochloric acid and nitric acid. The digest was analyzed for selected trace 
elements by ICP spectroscopy. This analytical scheme is a modification of 
ASTM 3683 and a Consol procedure and was described in the proposal and in 
the management plan. Additionally, the coal was subjected to low temperature 
ashing in Eschka mixture according to ASTM 4606. The ash was taken up in 
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20% HCI and analyzed by hydride-ICP. The results of analysis of NlST 1632b 
are shown in table 7below. 

Table 1. HAPS Determined in NlST SRM 1632b 

ASTM ug/g found in % of certified 
digestion NlST 1632b value 

Mercury-- not certified 
not tested 
Arsenic 3683 2.61 70 

2.51 68 
2.94" 79 
2.79" 75 

4606 Eschka 3.08" 83 
3.40" 91 

Cadmium 3683 0.051 89 
0.085 149 

Chromium 3683 11.1 101 
10.4 95 

Selenium 0.290 22 3683 
0.1 87 15 

4606 Eschka < 0.1 
< 0.1 

<o. I 
Beryllium 3683 0.375 not certified 

0.340 
Cobalt 3683 2.65 116 

2.83 124 
lead 3683 5.1 1 140 

5.68 155 
Manganese 3683 11.9 96 

11.9 96 
Nickel 3683 7.00 115 

6.87 113 
Ash 3683 6.9 101 

6.8 100 

The group of HAP precursors of primary interest consists of Hg, As, Cd, Cr, Se. 

Mercury analyses were not conducted on NlST 1632b as no value is known. 
Some initial mercury analyses were conducted on the sample of Pittsburgh No. 8 
coal received from DOE. Mercury analyses are being done by wet ashing (wet 
oxidation by sulfuric and nitric acids in accordance with Bureau of Mines RI 

1 
Arriimony 3683 <o. I 
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7609) followed by cold vapor atomic absorption spectrophotometry. 
Unfortunately, we lack a coal standard certified for mercury content. The USGS 
and IBCSP coals will contain recommended mercury values. In the interim, 
Buffalo River Sediment (NET 2704) is being used as a mercury reference 
standard during coal digestions for mercury determinations. 

We attempted initially to conduct digestions of Pittsburgh No. 8 coal for mercury 
analysis in flasks covered with watch glasses. These digestions required 
several days of heating and periodic replenishment of the acids. Even though 
we are using trace metal analysis acids, acid replenishment can contribute to 
background Hg. Thus, it was apparent that digestion flasks with attached 
condensers described in the Bureau of Mines RI were necessary for retaining 
acids and improving the efficiency of coal digestion. These components were 
ordered. 

Arsenic concentrations found in NlST 1632b were somewhat low compared to 
certified values. It is possible that the ASTM 3683 digestion (low temperature 
ash) results in some arsenic loss via volatilization. Our previous experience with 
this method indicates arsenic recoveries of 60-70% of the NIST value are 
common. Arsenic recovery was improved somewhat by use of ASTM 4606 
involving ignition with Eschka mixture. 

Cadmium was detected in NlST coal digests at near detection limits (0.003 to 
0.005 mgll), corresponding to less than 0.1 ug/g coal. Chromium was accurately 
quantified. 

The concentration of selenium determined in NIST 1632b was poor using ASTM 
3683 (about 20%). However, results with Eschka ignition were even poorer. 
Post digestion spike recovery for selenium in the Eschka ignition digest was 
excellent (99%), indicating there were no problems with hydridization of Se in 
the matrix. The Eschka ignition will be repeated as Se and 4s are supposed to 
be oxidized without losses due to volatilization. 

In the secondary group of HAP precursors (Sb, Be, Co, Pb, Mn, Ni, F, CI), 
antimony was not detected in the NIST coal digest, although it is present at near 
detection limits in NIST 1632b (0.24 ug/g). However, post digestion spike 
recovery of Sb was also poor (< 10%). It will be necessary to modify the matrix 
or hydridization conditions to improve Sb detection. lnitiatly we will vary the 
amount of KI reductant with matrix spikes. 

Beryllium was measured in NlST coal digests. However, there is no value given 
for Be in the certificate for this standard. The values found for Co and Pb were 
somewhat high, especially for lead. Our past experience with NET 1632b also 
resulted in somewhat elevated lead values. Manganese and nickel were 
accurately quantified. CI and F were not tested. These will be measured in 
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leach solutions but will be quantified in coal by outside laboratories with bomb 
oxidation capabilities. 

The concentration of some additional non-HAP metals in NlST 1632b was 
determined as shown in the table below: 

Table 2. Concentrations of Non-HAP metals found in NlST SRM 1632b 

ug/g found in 
NlST 1632b value 

Copper 7.01 112 
7.61 121 

Iron 7530 99 
7390 97 

Zinc 12.6 1 06 
13.8 116 

% of certified 

Reanalyses of NlST 1632b was ongoing at the end of the quarter. in addition, 
the sample of Pittsburgh coat was being extracted for HAPS and was also 
submitted for ultimate analysis, forms of sulfur, and CI and F content to 
Commercial Testing and Engineering in Billings, Mont. 

DISCLAIMER 

This report was prepare- as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product. or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mendation, or favoring by the United States Government or any agency thereof. The Views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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