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SECTION 1 

INTRODUCTION 

Emissions from the coke manufacturing industry are reported to contri- 

bute significant amounts of particulate and carcinogenic compounds into the 

atmosphere(1a2). Wet electrostatic precipitators (WESP) are being used as a 

control device for such emissions. In an effort to determine the efficiency 

of WESP units relative to the process emissions from the coke oven doors, the 

United States Environmental Protection Agency contracted with Battelle-Columbus 

Laboratories and Clayton Environmental Consultants to measure the emissions 

from coke oven door leaks at the inlet and outlet of the WBSP units of 

Wisconsin Steel coke oven plant, Chicago, Illinois. 

Battelle-Columbus Laboratory personnel were responsible for sampling 

,- and analyzing the WESP inlet and outlet gas streams to determine the con- 

centrations of about 20 polycyclic organic matter (POM) compounds in these 

streams. POM samples were collected using a Method 5 sampling train modified 

to include a Tenax-adsorbent column between the filter and the first impinger. 

Gas chromatography-mass spectrometry (GC-MS) analyses were conducted at the 

Battelle-Columbus Laboratories. Also, stack emission gases from the inlet 

and outlet were collected in Tedlar bags at a relatively slow rate over the 

&hour sampling period. Evacuated-flask samples were collected from the gas 

samples in the Tedlar bags, and the gases were analyzed for concentrations 

of benzene and ethyne (acetylene) by gas chromatography. 

Clayton Environmental Consultants personnel were responsible for the 

measurement of particulate concentrations in the WESP inlet and outlet gas 

streams, for determination of the CO2, 02, and CO concentrations in the gases 

collected in the Tedlar bags, for visible emissions observations, and for 

the collection of WESP water samples from the inlet and outlet water suPPly. 

In addition, Clayton included an XAD-2 adsorbent column in their sampling 

train to collect organic vapors. Battelle determined the benzene-soluble 

organic catch in the XAD-2 columns and analyzed the water samples for POM 

compounds. 



The following sections of this report cover the summary of results, 

process description and operation, location of sampling points, and sampling 

and analytical procedures. Field and laboratory data and calculations are 

presented in various appendices as noted. 

Results of the work performed by Clayton and Battelle analyses of 

Clayton samples are reported in a separate report prepared by Clayton. 
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SECTION 2 

SUMMARY AND DISCUSSION OF RESULTS 

The inlet and outlet gas sampling data and results are summarized and 

presented in Tables 1 and 2 respectively. Raw field and laboratory data are 

presented in Appendix A. Complete sampling results, including additional 

support data and sample calculations, are presented in Appendix B. 

POLYCYCLIC ORGANIC MATTER (POM) IN GAS STREAM 
“ I .  

Tables 3 and 4 present results for emissions of selected POM species at 

the wet ESP inlet and outlet in terms of concentrations and emission rates, 

respectively. Table 5 is a tabulation of the actual POM content of the 

individual samples. For each run, the probe wash residue and filter catch 

were combined for one analysis; the Tenax adsorbent catch was analysed sepa- 

rately. Hence, in Tables 3, 4, and 5, two values are presented for each sample; 

one represents the probe wash and filter, the other represents the adsorbent 

column. Pre-clean up and blank values are also presented. (The outlet pre- 

clean up results for the probe-wash-plus-filter are abnormally high with no 

explanation at this time.) For the most part, the data show relativity high 

values at the precipitator inlet when compared to the outlet, as would be 

expected. 

Table 4 presents results on the effectiveness of the wet ESP for 

controlling emissions of individual POM species. The wet ESP was reasonably 

effective (over 90 percent) in reducing POM emissions of all species except 

naphthalene. 

Table 6 summarizes the effectiveness of the wet ESP for controlling total 

POM emissions from the coke oven. In Table 6, the sum of the POM emissions 

in the inlet and outlet streams are computed, and the control device efficiency 

is calcualted. For three runs, the control device efficiency was moderately 

high, 80.7 to 92.4 percent. The low efficiency for Run 4 of 17.2 percent 

(attributed to a high naphthalene value for the outlet adsorbent column sample), 

reduced the average efficiency to 69.0 percent. Neglecting naphthalene, 

WESP efficiencies for the four runs are 93.5, 95.5, 98.9 and 94.5; an average 

of 95.6 



TOTAL FLUORESCENCE RESULTS 

Table 7 presents results of total fluorescence for the air emission 

samples. Also shown in Table 7 are the total POM values obtained by 

summing values for all POM species reported in Table 5, and the ratio of 

total fluorescence to the sum of POM values by GC-MS. Reviewing these 

results shows that the total fluorescence values were much higher than the 

summation of the POP1 values; ranging from a value 8 times as high as the 

GC-MS value to a value over 8000 times the GC-MS value. It appears that 

there were large quantities of fluorescent compounds p-resent in these 

samples beyond the specific POM compounds examined by GC-MS technique. 

It is known that most complex organics (non-POM compounds as well as POMs) 

fluoresce when excited over a broad range of wavelengths. Apparently the 

bands of excitation and emission wavelengths used for these measurements 

were not sufficiently selective for the POM compounds of interest. A 

possible improvement in the total fluorescence precedure might be to excite 

the sample over a broad range of wavelenths, as was done here, but to 

develop a mask, or screen, for the emission measurement that will selectively 

pass fluorescence in the wavelengths of harmful POM's,but not pass fluorescence 

in other wavelengths. 

ATJALYSIS OF SAMPLES 

Grab (flask) samples were taken from the integrated gas (bag) samples, 

which were collected during the particulate runs. The flask samples were 

analyzed for C2H2 and C6H6. Table 8 is a tabulation of these data. The 

accuracy of the reported values is estimated to be + 20 percent. 

Inlet and outlet data indicate little difference with C2H2 concentra- 

tions ranging from 5 to 15 ppm, by volume, and C6H6 concentrations ranging 

from 1 to 5 ppm by volume. 

WET ELECTROSTATIC PRECIPITATOR WATER SAMPLES 

Water samples were collected from the inlet and outlet of the ESP unit 

and analyzed for POM constituents. Table 9 is a tabulation of the results of 

the analysis. Unfortunately, the volume of the water samples was not 
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measured before extraction, either by Clayton at the sampling site, or by 

Battelle preceding extraction. Interviewing the Battelle staff that provided 

the sample containers and transported the filled containers back to the 

laboratory for analyses revealed that the samples were transported in l-liter 

bottles, and the bottles were 60 to 90 percent full. Assuming that the 

bottles were 75 percent full, POM concentrations were calculated; these values 

are reported in Table 10. 

If the inlet and outlet water flow rates were known, it would be 

desirable to compare values for the POM removed from the gas stream with the 

POM increase for the water stream. 









































SECTION 4 

LOCATION OF SAMI'LING POINTS 

Sample port and point locations were determined as outlined in the EPA 

Federal Register, December 23, 1971, Method 1. 

INLET SAMPLING 

Precipitator inlet stack gases were sampled from an 80 inch by 80 inch 

horizontal duct as shown in Figure 1; the probe was inserted into the duct 

vertically from above. The stack geometry, as indicated in Figure 1, was 

such that 48 sample points were required for representative sampling. 

Sample ports were located 2.8 duct diameters downstream and 2.0 duct dia- 

meters upstream from flow disturbances. 

OUTLET SAMPLING 

Outlet stack sampling was from an 80-foot high, 8-foot diameter, verti- 

cal stack. The stack geometry, as presented in Figure 2, shows the sample 

port location relative to the nearest upstream and downstream flow distur- 

bance. Straight, unobstructed distances upstream and downstream of the 

sampling position were 5.5 and 2.0 stack diameters, respectively. Accor- 

dingly, 24 sample points, as presented in Table 1, were required. 
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SECTION 5 

SAMPLING AND ANALYTICAL PROCEDURES 

POM SAMPLING AND ANALYSIS 

POM Sampling Procedures 

An established methodology to sample organic and POM compounds is not 

yet available as an EPA method.. The state of the art, to date, is to 

incorporate a special organic adsorbent material (which is enclosed in a 

temperature-controlled column) with the conventional particulate sampling, 

train. To accomplish this, EPA Method 5 sampling train was modified 

to include the adsorbent column for the sampling of organic compounds from 

the inlet and outlet of a wet electrostatic precipitator at Wisconsin Steel 

Company coke oven plant (see Figure 3). Details of the operation of the 

column are described in Appendix G. 

Figure 4 shows the Wisconsin Steel Company coke oven control device, 

including hood, wet electrostatic precipitator, and exhaust stack. The 

inlet sampling location is part of an 80-inch by 80-inch horizontal duct 

connecting the coke oven hood to the WESP unit. The traverse of this duct 

was conducted by sampling vertically from above. The filter and adsorbent 

column were attached directly to the end of the sample probe to avoid any 

line loss of organic material. Collection efficiency of the column is 

temperature dependent; therefore, the gas temperature entering the column 

was monitored and the oven temperature was adjusted to maintain an optimum 

collection efficiency gas temperature of 125 F f 5 F. An umbilical line 

comprised of a flexible polyethylene hose with the associated thermocouple 

and electric lines was attached from the sample probe outlet to the stan- 

dard Method 5 impinger box which in turn was connected to the meter box 

(Figure 3). Since the inlet probe had to be repositioned in the vertical 

plane for traversing, this sampling configuration kept the probe weight at 

a minimum. 
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Since coke oven door leakage was of primary concern, coke pushing was 

minimized during the sampling period. To avoid any particulate collection 

by impaction when pushing occurred, the inlet sample probe assembly was 

turned 180 degrees so that the sample nozzle was pointing away from the gas 

flow. 

The precipitator outlet gases were sampled simultaneously with the 

inlet in order to determine precipitator efficiency. The standard train 

used at the outlet was identical to the train used at the inlet and con- 

sisted of a Method 5 train modified by incorporating a POM adsorbent column 

just after the filter (Figure 3). The gas temperature going into the POM 

column was monitored, as in the inlet sampling train, and the oven tempera- 

ture adjusted to maintain 125 f 5 F gas temperature. The outlet stack 

geometry at the sampling location was a vertical stack SO the sample 

probe was connected directly to the impinger box, eliminating the necessity 

for an umbilical cord between the probe outlet and impinger box. 

Sampling time for both inlet and outlet was selected to be 8 hours due 

to the expected low concentrations of organic material in the gas streams. 

POM Sample Cleanup Procedures 

Because of the light sensitive nature of polycyclic organic matter, it 

is necessary to keep all samples in the dark during sampling and after 

cleanup. Figure 5 is the sample handling procedure which was followed 

during cleanup. To establish background data from solvents and sample train 

constituents, a pre-cleanup of all glass components was made. 

After the sample was collected, the sample trains were removed from 

the stack and taken to an on-site mobile laboratory. Each Pyrex probe and 

all glassware up to the front half of the filter holder was rinsed with 

methylene chloride and acetone and the rinses stored in amber bottles. The 

filter was placed in a petri dish and placed in a dark container. 

The back half of the filter holder and all glassware up to the POM column 

was rinsed with methylene chloride and acetone and placed in the amber 

bottles containing the front half rinse. The POM column ends were capped 

and the body wrapped in a light-tight container. This procedure was fol- 

lowed for each run-- the contents of the amber bottles and the filter catch 

were then taken to Battelle labs to be analyzed for organic matter. 
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POM Analysis 

The POM analysis was conducted using standard Battelle POM analysis 

procedures. These procedures are described in Appendix G, pages G-6 to G-9. 

Basically, the analysis procedure includes extracting the filter and adsor- 

bent column with methylene chloride and pentane, respectively. Then the 

three solvent solutions (probe wash, filter extract, and adsorbent column 

extract) are analyzed separately or in various combinations by gas chroma- 

tography-mass spectroscopy (GC-MS) techniques. For this task, the methylene 

chloride and acetone rinses of the probe and glassware were combined with 

the filter to determine a single "filterable" POM value; the adsorbent 

column was analyzed separately. 

Water samples were extracted with methylene chloride and the extracts 

were processed in the same manner as air emission extracts, as described 

above and in Appendix G, pages G-8 to G-9. 

TOTAL FLUORESCENCE 

Pretest discussions between EPA staff and Battelle staff had suggested 

that total fluorescence might provide a useful measure of total POM content 

of emission samples. Total fluorescence would be a more descriminating 

measure of carcinogenic organics than the frequently used benzene-soluble 

organic (BSO), and is a less costly analytical procedure than GC-MS. Thus, 

Battelle was requested to determine total fluorescence for the POM emission 

samples and the samples from the XAD-2 Columns used for BSQ vapors. 

Total fluorescence was determined for each sample on a Turner spectro- 

fluorimeter, using a 3500 i excitation and 4100 i emission wavelengths. 

The emission slit was 25 i and the excitation slit was 100 A. Results are 

reported in Table 6. 

MOLECULAR WEIGHT OF STACK GAS 

During the 8 hours of sampling for organic material, an integrated gas 

sample was collected in a Tedlar bag. The sampling rate was adjusted so 

that the bag would be essentially full at the end of the 8-hour test period, 

Orsat analysis for concentrations of C02, O2 and CO was completed at the 

end of each run. These data were then used to calculate the stack gas 

molecular weight. The collection schedule for the integrated gas samples 

is presented in Appendix D. 
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GASEOUS HYDROCARBONS SAMPLING AND ANALYSIS 

To provide a gas sample for gaseous hydrocarbons analyses (benzene and 

acetylene), at the end of each run a gas sample was collected in an evacuated 

flask by removing an aliquot from the integrated bag sample which had been 

collected for Orsat analysis. Both the inlet and outlet gases were sampled 

in the same manner. 

The evacuated-flask samples were analyzed for benzene and acetylene 

using a gas chromatograph with a flame ionization detector. The instrument 

used was a Aerograph, Model 20 C; the column was a 1Omm (0.25 inch) x 0.48m 

(10 feet) stainless steel column containing Poropak Q; the carrier gas was 

helium, flowing at 48 ml/min; and the detector was a thermal conductivity 

detector operating at a 275 milliamp current. Instrument temperatures were 

column, 30 C for acetylene and 200 C for benzene; detector, 93 C; and injector, 

145 c. 

The compounds were calibrated against standard mixtures of acetylene in 
-. 

nitrogen and benzene in nitrogen. 
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