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ABSTRACT

This test report describes the methods and results of an
environmental assessment test program conducted at Houston Lighting and
Power's T. H. Wharton Generating Station, Unit 52. The purpose of the
test program was to measure changes in emissions as a result of applying
NOx controls. Emissions of trace elements, organic materials, sulfur
species, and the criteria pollutants, 502, NOx, C0, and particulate
matter, were measured. Comparisons of these emissions under normal
operating conditions and controlled (for NO ) operating conditions were
then made. Source operating data were a]so analyzed so that changes in
operating parameters and efficiency could be assessed.

Unit 52 is a General Electric MS 7001C simple-cycle, single-shaft,
heavy duty gas turbine rated at 70.8 MW nominal electrical output. This
gas turbine may use either natural gas or distillate oil fuels. The test
program was conducted using oil fuel.

Water injection was used for NO control. A water-to-fuel ratio
of 0.42 resulted in a 58 percent reduct1on in NO from baseline levels.
Changes in other emissions were within the ]1m1ts of the analyses.

Operating efficiency decreased with water injection. The unit heat
rate showed approximately 2 percent change in going from baseline to
controlled (for NO ) operation.

The test program concludes that using water injection for NO
control in this unit reduced NO and showed little effect on other
emissions. Water injection 1mp1ementat1on did reduce operating efficiency.
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SECTION 1
INTRODUCTION

This report is part of a series of test reports resulting from the
experimental testing task of the "Environmental Assessment of Stationary
Source NOx Control Technologies" Program (NOx EA), being performed
under Environmental Protection Agency (EPA) contract 68-02-2160. The
NOx EA is a 3-year program to: (1) identify the multimedia
environmental impact of stationary combustion sources and combustion
modification NOx controls; and (2) identify the most cost-effective
environmentally-sound NOx controls for attaining and maintaining current
and projected NO2 air quality standards to the year 2000.

During the first year of the NOx EA a preliminary environmental
assessment (Reference 1) concluded that emissions and operating data
needed to perform adequate process engineering and environmental
assessment activities were severely lacking in several key areas. Most
noteworthy was the virtual absence of data on noncriteria flue gas
emissions and liquid and solid effluents. In response to these identified
data needs, seven field test programs were initiated. Source selection
was based on a source/control priority listing developed in the
preliminary environmental assessment. These test programs were designed
to provide information on changes in emissions and operation due to NOx
controls. The NOx EA Field Test Program is outlined in Table 1-1.

The test program documented in this report was conducted on Unit 52
of the T. H. Wharton Generating Station of the Houston Lighting and Power
Company in Houston, Texas from April 21-24, 1978. Unit 52 was selected
because its design is typical of large scale simple cycle utility gas
turbines equipped with water injection and because of the possibility of
collaborating with the engine manufacturer in detailed process evaluation
tests. Unit 52 is a General Electric Model MS 7001C simple-cycle,
single-shaft, heavy duty gas turbine rated at 70.8 MW nominal electrical

1-1



£40-73

8L61 Jaqmaydag
£319| dwo)

pFLIH
1593 Moy

Kessvoig

vaep bujjedsadg

L1ang

{M 93-17) qeub seg --
8 poulam --

S POYIN --

m <w.... ﬂ_

~o s

‘09 *YON snonujiuo)

vi0 + ¥93d
¥94
aupjaseg

SUO}IRAI|D 9 ‘SJduang
8y Paiyy w-! pasoddo
M OyL ‘94 bujpuey ssoy

JaLrog A3111I0
padti-110

8461 unp
‘3191 dwo)

voxx3

Aesseo|g
ejep Gujpjeaady

yse woljog

(oM 92-19) qeab seg --
8 POUIN -~

§ POuIRY --

SSVS -~

121300 453

(oH 99-12) quab seg --
8 Poylag --

§ Poulay --

SSYS --

03 **ON snonujuo)

(2) soos
3uj|aseg

1 043u02

s noyyaed Joj 43
.mcc_«.>u—o £ ‘sa3uanq
¥2 P34y —.-: pasoddo
M 005 °*L# ISHAD

Jaitog L3t1iwn
patig-1e0)

{161 snbny
‘939 dwo)

VAL

wyep bujjvaadg
Lang

(au0 24>
‘453 IST) use Jaddoy
yse wo3jog

(OH 99-19) qesb seg --
8 POYIIN --

G POYIIW --

SSYS --
w 151 40 WP

(oM ou. 9) qeab seg --
8 poulay --

m poyioW --

SSYS --

1dS3 3S1 01 Y]

40 ‘200

‘02 205 ‘¥oN shonujjuo)

(2) soos
(2) Buyay3 paseg
sujaseg

{043u0d aye|na}yed
40} 5,483 2 .c..o_u»u
fSU0LIRAILR £ ‘advuany
/sdauang 21 ‘Iowusn)
upmy f1eguabuey

M 081 t9p uoisbuly

Japrog A34t1an
pad|y-(®0]

snes

Joye.oqe||u)
sl

10303044 Guy | durg

(voyyuaadg 34un)
sjuiogd 159

uoy3dya3s3g

Kaobajey adanog

WYyo0ud 1S3 01314 v3 “ON

*1-1 318vl

1-2



€.0-33

861 Liady
*9319)dwo)

24439943
{esoua9

vyep Bujyvaadg
JIION

1any

g pouIoN --

G POUIIN -~

SSVS --

seb Ismeyxy

%0 *200

‘02 ‘YOR sSnonujIuo)

SdSN

pasodoad 19w 03
vojjaaful Jajem
auj|aseg

ujyove

9 100, SW 39 Wi 09
'u0jIRYS UOJIRUN 'L

upqung sey
PEs-L10

8161 Kiwnaqay
‘939 dwo)

A

Aessvoig

ejep Bujjvaady

1ang

yse Jaddoy 453

yse wojjog

(24 92-17) qusb seg --
AL IALDm-{ LS -~

S POYIaN --

SSVS -

13913100 dS3

(o4 92-17) quab seg --
L paLiam- LN -~

S poyyan --

SSVS -

X9 J3Lj08 -
) .ms

‘07 ‘¥oN snonujive)

V40 4BIH + V1
augaseq

2-:63..2. ..on &u
{+4/9t 000‘002) S/b% S2
‘ax0)s Japedads
91046 Bujjaneay

()08
(v} J3snpu]
pad14-1®0)

LL6] 4390330
‘a1 dwo3

A

eyep Bujyeaadg

(ang

yse Jaddoy uo|4)
yse wojyjog

(o 99-19) quib seg --
Mm-S --

S POYIMN -~

SSYS -

133300 453

{H 9-19) qusb sey -~
LI I | | 3YS -~

S POYIN ~-

SSVS -

134%3 Jo|08

20 *cg)

‘02 **ON shonujjuo])

v40 WBIY + V3
auj|aseg

|043u0d ¥pg 40)
JIQQNJAIs J3M ! [043U0D
sje|ndjyed Joy 4S3
(4u/q1 000°00€)

s/by g¢ ‘43%01s
Jgpeasds 23046 bupjaaeay

109
{e}a3snpuj
paJij-Le0)

snqeyg

..our J0qe| |09
is9}

10203044 buy | dweg

(uoyjeaadg 3jun)
sjuj04 159}

uo}3dj 4253g

A06aje) adanog

panu3uo)

‘I-1 3Navl

1-3



€L0-13

ong

g POYISW --

§ Poylay --

diy-wal/vdl mm Vora
- tseb ang 4 IO, M2 Bu} 199
ssaﬁ.uuasubuz Ya|s Jae3s . %0 *0) buy| 24y ‘prospm .uu.ggau aWMQaguhﬂmou
19| o) 1593 sap ‘03 ‘YoM snonrujjuo) Shonu|Ju0) ON mo| Aey anig padps-Li0
shjels J03040qe| 10) 10203044 buj|durg (uojjesadg 3jun) uo}d}4253Q Kuobaje) 334nog

1594 $jujo4 3s3)

papn(ouo)

*T-1 319vl




output. Through the cooperation of the Houston Lighting and Power Company
and the General Electric Company, this unit was made available for testing
in the N0x EA Field Test Program.

The test program at the T. H. Wharton Station consisted of a
baseline (normal operation) test and a test with water injection being
used for NOx control. The test program results will be used in both
process analysis and source assessment modeling, conducted as part of the
Environmental Assessment and Process Engineering Task of the NOx EA.

1-5



SECTION 2
PLANT DESCRIPTION

The field tests were conducted on Unit 52 of the T. H. Wharton
Generating Station of the Houston Lighting and Power Company in Houston,
Texas. Unit 52 is a General Electric Model MS 7001C (Figure 2-1)
simple-cycle, single-shaft, heavy-duty stationary gas turbine rated at
70.8 MW nominal electrical output and is one of six such units at the
Wharton Station. The Station also has eight GE 7001B combined cycle
units, one Westinghouse 15 MW unit and two conventional steam boilers
producing a total rated electrical output of 280 MW.

Unit 52 is fired with No. 2 distillate fuel o0il with 0.11 percent
sulfur by weight and approximately 46.054 x 103 kJ/kg (19,800 Btu/1b)
heat content. Table 2-1 lists the rated operating parameters of the
unit. There is no flue gas cleaning equipment on a turbine of this type
due to the clean fuel used and the unit's inherent efficient combustion.
Unit 52 is, however, equipped with a water injection system used to
control the formation of NOx within the combustion chambers. NOx
formation is repressed when atomized water is injected directly into the
primary zone of the combustor resulting in reduced flame temperatures.
The degree of NOx control is adjusted by altering the quantity of water
injected -- the more water injected the greater the degree of control.
The first test on Unit 52, a baseline test, was run with no water
injected. The second test was run while 2.52 1/sec (40 gpm) water was
being injected. This corresponds to a water to fuel mass ratio of
approximately 0.42, a ratio sufficiently high to bring NOx emissions to
within 75 ppm at 15 percent 02 which is the level of the proposed New
Source Performance Standards.
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TABLE 2-1. UNIT 52 RATED OPERATING PARAMETERS

Output power 70.8 MW

Overall pressure ratio 10.5

Heat rate 11.44 MJ/kWh (10,847 Btu/Kwh)
Air flow 268 kg/sec (592 1b/sec)

Fuel flow 5.2 kg/sec (11.5 1b/sec)

2-3




SECTION 3
SAMPLING AND ANALYSIS METHODOLOGIES

The sampling and analysis procedures used in the test program
closely follow the procedures recommended in the IERL-RTP Level 1
Environmental Assessment Procedures Manual (Reference 2). The following
subsections will contain notations of where the procedures differ
significantly from the standard methods. Level 1 testing, according to
EPA's phased environmental assessment approach, is for screening
purposes. Through chemical and biological tests potential problem areas
and needs for further analysis are identified. Furthermore, Level 1
testing provides the basis for setting priorities for discharge streams,
components, and classes of materials for further consideration in an
overall environmental assessment. Thus, the results of the sampling and
analysis procedures used in Level 1 are semiquantitative, yie]dihg an
accuracy factor of + 2 to 3.

A1l analyses for trace elements, organic species, particulates and
sulfur species in the Method 5/8 and SASS trains and water samples were
performed in the Acurex analytical laboratory. Commercial Testing and
Engineering Company analyzed the fuels and the bioassay analyses were
performed by Litton Bionetics, Incorporated.

3.1 SAMPLING PROTOCOL

In order to effectively evaluate how emissions of compounds and
pollutant species are affected by the use of water injection, all influent
and effluent streams must be characterized during the baseline and water
injection tests. The following streams on Unit 52 were sampled:

® Water feed (water injection system)

e Fuel feed

e Exhaust gas



Ambient air was not sampled. Descriptions of the specific sampling
methods are given in the following paragraphs. Figure 3-1 shows tne duct
configuration and the location of the sampling ports.
3.1.1 Feed Streams
Water Feed

Samples of the demineralized feed waterlfrom the water injection

purification system were periodically sampled throughout the five hour
duration of the NO, control test. Samples were tapped off the inlet
lines preceeding the combustor section and then composited into one
integrated sample for each run.

Fuel Feed

Fuel o0il samples were obtained for both tests. Samples were tapped
off the fuel inlet lines, collected throughout the test period and finally
composited into one integrated sample for each test. Sampling of the fuel
feed commenced one hour into the test run, then approximately once for
each 9U minute period throughout the test.

3.1.2 Flue Gas

The flue gas was monitored on a continuous basis during both test
runs for 02, COZ, NO, total NOX, total unburned hydrocarbons and
C0. The continuous monitoring was provided by General Electric (GE)
personnel and equipment., Table 3-1 lists the instrumentation used by
General Electric. A1l sample lines were of Teflon construction and heated
to 450 K (350°F) to assure the integrity of all sampled species. The
sample flow was filtered to remove particulate matter and then split into
two streams. One stream supplied the nitrogen oxides instrument and the
total hydrocarbon monitor, while the other supplied the nondispersive
infrared (NDIR) instruments and the paramagnetic oxygen analyzer. The
latter stream was further conditioned in a saturator and refrigerated
dryer before connecting to the COZ' C0 and 0, analyzers. All monitors
were frequently zeroed and calibrated with certified gases.

A1l continuous gaseous sampling was done through a single point
probe located in the center of the exhaust duct approximately Im (40 inches)
upstream of the main row of sampling ports used for the SASS and Method
5/8 sampling. '

3-2
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TABLE 3-1.

INSTRUMENTATION USED BY GENERAL ELECTRIC

Instrument

Technique

Measuring Range

Unburned hydrocarbons:
Beckman Model 402

NO and NOo:
Beckman 955

02:
Beckman Model F3

Co:
Beckman 3158

C02:
Beckman 364

Flame ionization

detector

Chemi Tuminescence

Paramagnetic

Nondispersive

infrared

Nondispersive

infrared

5 ppm - full scale to
25% - full scale

10 ppm 0 - 1,000 ppm
25 ppm 0 - 2,500 ppm
100 ppm 0 - 106,000 ppm
250 ppm

- 15%
3% - 18%
6%

0
0
0
0

- 21%
25%

0

1

1

0

0 - 50 ppm
0 - 200 ppm
0 - 500 ppm
0 - 5%

0
0

- 10%
- 15%




Particulate and Sulfur Species

Particulate and sulfur species in the flue gas were collected
simultaneously with one sampling train -- a combined EPA Method 5 and
Method 8 train. Such a system collects particulate samples on a filter
heated to 394 K (250°F) in a conventional Method 5 arrangement. But
rather than the conventional Method 5 water filled impinger train, the
modified train employs a Method 8 impinger train containing isopropanol to
remove 503 and hydrogen peroxide to remove S0,. Particulate sulfate
(SO4 ) is also collected with this system. One run was completed for
each test.
£,-Cg Hydrocarbons

Flue gas grab samples were collected in evacuated glass grab
flasks. These samples were chromatographed onsite to determine C] to
C6 hydrocarbon compounds. A Carle Model 8500 portable gas chromatograph
with a flame jonization detector was used for this analysis.

Source Assessment Sampling System

A Source Assessment Sampling System (SASS) train was used to sample
the gas turbine exhaust gas. The SASS train was conventional in every way
except that cyclones were not used to classify the particulate by size. A
single fiberglass mat filter was used to collect the small amounts of
particulate produced. A special o0il cooled probe was used to maintain the
sample tube temperature at 394 K (250°F). This SASS train arrangement
generates the following samples: '

Particulate: filter 99.99 percent efficient for particulate
greater than 0.2 m.
Vapor pnase: 1) XAD-2 porous polymer resin sorbent cartridge
2) Aqueous condensate
3) Hydrogen peroxide impinger
4) Ammonium persulfate-silver nitrate impingers
These samples were analyzed for trace elements and organic species to give
both vapor and condensed phase composition.

A schematic of the SASS train is shown in Figure 3-2. The analysis
protocol is given in Figure 3-3.

3-5
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3.2 ANALYSIS PROTOCOL

Table 3-2 lists the analyses performed on the samples collected
during both tests. Descriptions of these analyses are given in the
following paragraphs.

In addition, machine operating data were collected by General
Electric personnel. Sufficient data were taken during both tests so that
airflow rates and the operating condition of the machine could be
established. A detailed field test report submitted by General Electric
is contained in Appendix G. In summary, GE treats operating data,
information on gaseous emissions, fuel composition, machine geometry and
internal flow splits, using a data analysis program which calculates
machine operational characteristics. Table 3-3 jllustrates the kind of
information that can be obtained. This program proved an excellent means
of crosschecking actual flue gas measurements as well as checking
calculation methods against each other.

3.2.1 Inorganic Analysis '

Trace element analyses for 23 selected trace elements were
performed on the fuel, injected water, flyash, SASS XAD-2 and SASS
impinger solutions. The procedure used to determine each trace element is
outlined in Appendix H. Proximate and ultimate analyses were done on the
fuel samples.

3.2.2 Organic Analysis

Organic analyses were performed in accordance with EPA Level 1
protocol (Reference 2). These analyses included Cl-c6 hydrocarbons in
the flue gas, organic material condensed on the ash samples, and organic
material caught in the XAD-2 sorbent trap and condensate trap.

3.2.3 Bioassay

Bioassays were performed on the SASS train XAD-2 extract sample
from the water injection test. Microbial mutagenesis and cytotoxicity
assays were performed by Litton Bionetics, Incorporated.
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TABLE 3-2. SAMPLE ANALYSIS

Baseline Low NOy
Test/Analysis no water injection with water injection

Fuel

Proximate and ultimate X X

Trace elements X X
Water

Trace elements X

Organic material X
SASS train - outlet

Trace elements X X

Organic material X X
Method 5/8 -- outlet

Particulate X X

Sulfur species X X
Flue gas

02, CO2, NOy, NO, CO X X

and total unburned hydrocarbons X X
C1-Ce hydrocarbons X X




TABLE 3-3. GENERAL ELECTRIC CALCULATED OPERATING DATA?
Calculation
Met hod Measured Calculated

Factory test flow

Choked flow

Oxygen
concentration

Co2
concentration

Fuel flow and composition,
airflow during factory
test, inlet guide vane
position, ambient
conditions

Compressor discharge
pressure and temperature,
first stage nozzle area,
fuel flow and composition.

02, fuel flow and
composition

€02, fuel flow and
composition

Machine airflow, 02,
COﬁ, water in

exhaust, turbine inlet
temperature.

Machine airflow, 02,
C02, H20, turbine
inlet temperature.

Machine airflow, Coo,
H20, turbine inlet
temperature,

Machine airflow, 0y,
H20, turbine inlet
temperature.

aSee Appendix G
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SECTION 4
TEST PROGRAM RESULTS

Data from the test program provided information on unit operation,
effluent gaseous composition, particulate emissions, trace element
emissions, sulfur species emissions and organic material emissions.

4.1 UNIT OPERATION

Unit 52 operated under steady-state conditions at rated continuous
load and with operating parameters nominally the same for both the
baseline (no water injection) and the NOx control (with water injection)
test. The load for each test was approximately 62 MW electrical generator
output. Table 4-1 lists the process operating conditions and parameters
during each test. The only significant difference between Test 1 and
Test 2 is that Test 2 had water injection while Test 1 did not. Since it
js fairly easy to duplicate engine operating conditions in a gas turbine,
one can be reasonably confident in comparing emissions from tests where
only the one variable, water injection rate, was changed.

The operating variable readings were recorded on an hourly basis
throughout the tests. The results shown in Table 4-1 are an average of
those values. The actual data sheets can be found in Appendix G.

One of the most significant penalties resulting from the use of
water injection for NOx control is the reduction in unit thermal
efficiency or increased heat rate manifested as increased fuel consumption.
As indicated in Table 4-1, the unit heat rate increased 2.4 percent with
water injection at a water/fuel ratio equal to 0.42. This is because a
portion of the fuel is required to vaporize the injected water. These
effects on heat rate and fuel consumption are quite typical (Reference 3).
Most users have reported heat rate penalties ranging from 2 to 5 percent,
depending on the water to fuel ratio.



TABLE 4-1.

Ambient barometric pressure - mm Hg (in. Hg)
Ambient temperature -- dry bulb -- Kk (°F)
Relative humidity

Compressor discharge pressure Pgp --
kpa (psia)

Compressor discharge temperature Tep --
K (OF)

Speed (rpm)

Inlet guide vane angle (IGV degrees)
Load (MW)

Turbine exhaust temperature -- K (OF)

Water injection rate -- liters/sec and (gpm)
Water/fuel ratio
Fuel temperature -- K (OF)

Fuel flow -- liters/sec and (gpm)
Atomizing air pressure -- kpa {psia)
Atomizing air temperature -- K (OF)
Combustion efficiency (%)

Exhaust flow -- m3/s (106 SCFH)
Compressor inlet flow -- kg/s {1bm/sec)
Fuel/air ratio

Heat rate -- MJ/kWh (Btu/Kwh - based on LHY)

UNIT 52 -- OPERATING CONDITIONS

Baseline
755 (29.74)
295 (71.2)
83.6

915 (132.7)

593 (607)
3600

77

61.9

809 (997)

0

0

295.4 (71.7)
5.93 (94.0)
1372 (199)
473 (392)
99.9

205.4 (26.14)
253 (556.7)
0.0190

12.55 (11,892)

Injection
756 (29.79)

301 (82.0)
58.7

901 (130.7)

602 (624)
3600

77

61.5

813 (1000)
2.52 (40)
0.42

298 (76.4)
6.03 (95.6)
1372 (199)
471 (387)
99.9

200.9 (25.52)
255.7 (562.7)
0.0196

12.84 (12,173)



As noted in Section 3.2, GE personnel recorded operating data and
monitored unit operation throughout the test program. In addition GE also
evaluated recorded data using an in-house data analysis code. This
program can be used to calculate inlet airflow and exhaust gas flow (in
addition to other parameters -- see Table 3-3) using gaseous emissions
data and other operating information. Four different calculational modes
are possible, as outlined in Table 3-3. Calculated exhaust gas flowrates
for each test, using the program, are listed in Table 4-2 for each of the
calculation methods. Agreement among the methods is excellent (within one
percent). Also shown in Table 4-2 are measured exhaust gas flowrates
obtained by performing an EPA Method 5 velocity traverse across the
exhaust duct. As indicated, measured rates are approximately 55 percent
greater than calculated rates. This was not unexpected, though. The
exhaust duct configuration was such that gas flow obstructions (i.e.,
bends) were very close to the sampling location, thus accurate velocity
measurements were very difficult to obtain. In an attempt to equalize the
effects of a poor sampling location, 42 sampling points were sampled.
Nevertheless, measured gas flowrates were still unreasonably high due to
the highly variable velocity readings.

Thus all exhaust flowrate values reported herein, including those
noted in Table 4-1, are calculated values, averaged over the four possible
calculational methods. ‘

4.2 FUEL ANALYSIS

Duplicate proximate and ultimate fuel analyses were performed by
General Electric and Commercial Testing and Engineering (CT&E). General
Electric's results are reported in Appendix G. CT&E's analysis is
reported in Appendix A. Results from both analyses were very similar and
typical of distillate fuel oil. In addition, a trace element analysis of
the fuel oil was performed as part of the mass balance and reported in
Concentration and mass flowrate units in Appendices B-E.

4.3 EXHAUST GAS EMISSIONS

Exhaust emissions were tested for gaseous species, particulate
emissions, sulfur species, trace elements and organic material emissions.
Gaseous species were measured by General Electric personnel on a
continuous basis throughout both tests. A combined EPA Method 5/8 train



*seb an|y u} aunjsiow Aq
pa1d9jje aq o3 panai|aq sanjer Zp) -abeuaAe uy papnioui jou
SWAYDS uoL3eUIUBIU0D 20) BY3 Aq paj|endfed djeumMoly seb Isneyxiq

$£0-33 suoLjeind(ed jo uoijeue{dxd 4oy 9 xipudddy 9agp
(¢v29°6€) | (q8815°52) (1666°¢2) (6v1£°52) |(0825°52) (9cr1e°52) 2
AR 6°002 G022 G202 0°102 £°661
(292 0v) | (18v1°92) (8281°92) (vv9€°92) [(9021°92) (vv26°52) 1
v°91¢g 502 8°502 2° 102 £°502 8°£02
paJdnseay abeuaasy | uoyjeujuauog uo(jeajuaduog MO( 4 MO | 4 *ON 3593
20D uabAxg Payoy) 3s3) Au032e4
eSaniep pajernajey -- 39

(H40S g01) S/gW -- SILVYMOTS SYI LSNVHXI QIUNSYIW ANV G3LYNdWI  “2-v 319Vl

4-4



was used to simultaneously sample particulates and sulfur species. A
Source Assessment Sampling System (SASS) was used to collect samples for
analysis of trace elements and organic material. This section presents
the results of these analyses.
4.3.1 Gaseous Emissions

Total NOx, NO, 02, COZ' CO and total unburned hydrocarbons
(UHC) were measured at a single point in the exhaust duct. Supporting
tests conducted by General Electric, reported in Appendix G, have
concluded that emissions of NOx and 02 can be reliably and accurately
measured from a single sampling point. However, species that are present
only in very low concentrations, UHC for example (ppmv <2), require a
traverse of the duct when sampling.

Table 4-3 presents gaseous emissions data in a form summar ized from
the General Electric report in Appendix G. With regard to the proposed
New Source Performance Standards (NSPS) for stationary gas turbines, there
are two things of importance to note from this information. First, with
water injection operating at a water/fuel weight ratio of 0.42, NOx
emissions were reduced by 58 percent from the baseline levels -- from
177.5 to 74.2 ppm at 15 percent 02 dry. This controlled level is within
the NSPS proposed level of 75 ppm. The second item to note is that SO2
emissions are substantially below the proposed NSPS level of 150 ppmv at
15 percent 02. The 502 values for Unit 52 were calculated directly
from the fuel sulfur content assuming 100 percent conversion. The
calculated value for SO2 concentration, which assumes all fuel sulfur is
converted to 502, is reasonably close to the measured total SOx emission
concentration (within 30 percent) as determined by the Method 8 analysis.

The results of the sulfur species analysis are shown in Table 4-4,
The data show that the actual emission levels of sulfur species, as well as
the 502/503 ratio, are not significantly affected by the use of water
injection for NOx control. Table 4-5 shows the results of a sulfur
balance across the gas turbine. The quantity of sulfur recovered in the
flue gas was approximately 70 percent of the inlet sulfur. Duplicate fuel
0i1 sulfur analyses gave a sulfur content of approximately 0.11 percent, soO
inlet sulfur calculations should be correct. Consequently, the source of
the inconsistency probably lies in the Method 8 sampling train and
subsequent analysis.
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TABLE 4-3. GASEOUS EMISSIONS RESULTS -- ppmv at 15 percent 02 dry
Baseline Water Injection
NOx 175.5 74.2
co 5.6 8.1
C02(%) 4.1 4.3
SQp 3 19.5 20.5
UHCD 2.3 3.5
aCalculated from fuel sulfur assuming
100 percent conversion to SO2
bppmv wet as CHg
TABLE 4-4. SULFUR SPECIES EMISSIONS
Emissions
Test Species | ppmv dry pg/md kg/min | ng/d
Baseline S02 11.7 3.12 x 104 0.385 0.029
S03 1.1 3.48 x 103 0.043 | 0.003
S04 1.2 4.61 x 103 0.057 | 0.004
Water Injection S02 12.7 3.37 x 104 0.407 0.030
S03 1.8 6.04 x 103 0.073 | 0.005
504 a -— - - -

aSample destroyed
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TABLE 4-5. SULFUR BALANCE

Baseline Water Injection

Sulfur Input

Fuel feedrate (kg/s) 4.85 4.96

Fuel sulfur content (¥ by wt.) 0.11 0.11

Total sulfur input (kg/s) 5.33 x 10-3 5.50 x 10-3
Sulfur Output

S02 (kg/s) 6.42 x 10-3 6.78 x 10-3

S03 (kg/s) 0.72 x 10-3 1.22 x 10-3

S04 (kg/s) 0.95 x 10-3

Total sulfur output (kg/s) 3.83 x 10-3 3.83 x 10-3
Sulfur recovery at outlet 72% 70%

An increase in emissions of unburned species due to lowered peak
flame temperatures, is generally associated with the use of water
injection for NOx control. During the NOx control test on Unit 52
average emissions of CO and UHC increased 54 and 52 percent respectively.
While the increases seem significant, the actual emission concentrations
for CO and UHC are still very low (<10 ppm) when water injection is being
used.

Onsite analyses of C1 to C6 exhaust gas hydrocarbons were
conducted for both the baseline and the water injection tests. The test
results show that in the baseline test, C1 to C6 hydrocarbons were
6.5ppm at 15 percent 02 wet, characterized as methane. In the water
injection test, C1 to C6 hydrocarbon emissions were lppm at 15 percent
02 wet, characterized as methane. These results are in general
agreement with the total unburned hydrocarbon emissions measured by the
continuous monitor.
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4,3.2 Particulate Emissions

Particulate emissions for Unit 52 are shown in Table 4-6. As
expected from a gas turbine burning distillate fuel oil, particulate
emissions were very low, on the order of 0.0037 to 0.0042 kg/s as measured

by the EPA Method 5 train. However, correlation between particulate
emission rates from the EPA Method 5 train and the SASS train is poor.
SASS measurements are almost a factor of 10 lower. This is not surprising
however, when one considers that a SASS train is run at a single point in
the exhaust duct. In a duct such as that of Unit 52, where flow patterns
are irregular due to the duct configuration, particulate matter can be
highly stratified. Furthermore, since particulate matter generated in a
gas turbine will be very small in size, it will have a greater tendency to
stratify with a strong bias to high velocity regions. Since the SASS
train is required to operate at a point of average velocity, away from the
high velocity regions, particulate capture is expected to be considerably
lower in the SASS train than in the Method 5 train, which fully traverses
the duct cross section, as this gives representative results.

TABLE 4-6. PARTICULATE EMISSIONS

Particulate Emissions
Test . kg/s ug/Jdoule u9/DSCM
Method 5 -- Baseline 4.2 x 10-3 .019 572
Method 5 -- Water injection | 3.7 x 10-3 .016 509
SASS -- Baseline 0.45 x 10-3 .002 63
SASS -- Water injection 0.97 x 10-3 .004 137

While according to the Method 5 measurements, particulate emissions
dropped with water injection, the reduction was not significant. Water
injection then appears to have little effect on particulate emissions.
This is supported by data presented in Reference 3.
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4.3.3 Trace Element Characterization and Emissions

Fuel o0il, injected water and flue gas samples were collected and
analyzed for selected trace elements for the baseline and water injection
tests. Grab samples were taken for the oil and water. The flue gas was
sampled by using a SASS train. The detailed results of these analyses are
presented in Appendices A through F.

The pfobe wash and the filter have been combined into one sample,
as have the agueous condensate and the first impinger. The XAD-2
cartridge was analyzed independently and the second and third impingers
were combined into one sample as outlined in the Level 1 procedures manual
(Reference 2).

Solid And Vapor Phase Trace Element Partitioning

The SASS train allows determining both solid phase and gas phase
composition. Solid phase species are collected in the probe, cyclones,
filter and interconnecting tubing, while the vapor phase species are
collected in the organics module or the impinger portions of the SASS
train. A1l SASS train components up to the filter are maintained at
394-478K (250 - 400°F). From there, the flue gas goes to the organics
module, where it is cooled to approximately 293 K (68°F) and passed
through a cross linked porous polymer resin (XAD-2) cartridge. From this
section, two samples are generated: the condensate and the XAD-2 sorbent
extract. From the organic module, the flue gas goes through an impinger
train. The first impinger contains hydrogen peroxide and the second and
third impingers contain silver nitrate-ammonium persulfate solutions. For
trace element analysis, the organic module aqueous condensate sample is
combined with the hydrogen peroxide impinger sample to form one sample for
analysis. Thus three samples representing vapor phase composition are
analyzed: the XAD-2, the aqueous condensate and hydrogen peroxide
impinger solution, and the combined silver nitrate-ammonium persulfate
impinger solution.

To determine whether a particular trace element was concentrated in
the solid or vapor phase, trace element flowrates (kg/s) were compared.

In order to partition the samples as to whether they were solid or vapor,
the following partitioning criterion was used: trace elements were



considered to be preferentially concentrated in the vapor phase if their
vapor phase concentrations were at least twice their solid phase
concentrations. The partitioning results are shown in Table 4-7 for
elements where sufficient data to determine partitioning were obtained.
Elemental Mass Balance

A trace element mass balance was performed across the gas turbine
system using emissions flowrate data from Appendix C. Table 4-8 presents
the results of the mass balance. 1In general and where sufficient data are
available, the element mass balances are within the reliability of the
Level 1 sampling and analysis procedures which are assumed to be
quantitative within a factor of 2 to 3. Zinc and copper are somewhat
outside of these boundaries but not significantly so. Iron, as measured
at the outlet for both tests, far exceeds the amount entering the turbine
as contained in the fuel oil and injected water. It is possible that the
source of this excess iron is rust and scale coming loose from the
internal gas turbine ductwork and being captured in the SASS train. The
analysis of the fuel for iron was supported by a duplicate analysis
performed by GE (Appendix G).
Effects Due to NO Control

It appears that the use of water injection to contro] NO
emissions has an insignificant effect on trace element emlss1ons Outiet
emissions of all trace elements analyzed remained within a factor of three
when comparing the baseline and water injection emission flowrates. Also,
water injection has an insignificant effect on trace element emissions
with respect to solid/vapor phase partitioning. For those elements where
sufficient data were available, the solid/vapor partitioning remained
virtually the same.
4.3.4 Organic Analyses

Organic analyses were performed on selected samples according to
the EPA Level 1 protocol (Reference 2). Any differences from the Level 1
protocol will be noted in the following discussion. The analytical
laboratory data are reported in Appendix F. 4

As recommended by Level 1 analysis procedures the samples were
first extracted with methylene chloride in a Soxhlet apparatus. A Total
Chromatographable Organic (TCO) and a gravimetric (GRAV) analysis were
then performed on the sample extracts. This analysis separates each
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TABLE 4-7. TRACE ELEMENT PARTITIONING -- SOLID PHASE/VAPOR PHASE

Baseline Water Injection

Arsenic

Barium
Beryllium

< o e

Cadmium
Chromium
Copper
Iron

Lead
Manganese
Mercury
Nickel
Thallium
Vanadium

X X XKoo e XN X

Zinc

EQ -- Material partitioned equally between vapor and solid phase
Material preferentially concentrated in solid phase

V -- Material preferentially concentrated in vapor phase
X -- Insufficient data
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TABLE 4-8. TRACE ELEMENT MASS BALANCE -- OUTLET (g/min)/INLET(g/min)

Baseline Water Injection
Boron <1 1.2
Cadmium .62 --
Chromium .24 >3
Cobalt - <1
Copper >5 >7
Iron >100 >100
Lead .26 44
Mercury .16 1.4
Nickel >.7 >2
Selenium <.l --
Vanadium >.3 >.6
Zinc 3.5 4.6
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sample extract into two separate samples having definite boiling point
ranges. The TCO fraction contains species with boiling points in a range
from 373 K to 573 K. Those species with boiling points above 573 K are
contained in the gravimetric sample.

An infrared spectrophotometric (IR) analysis was also performed on
the total sample extracts. This aided in the identification of functional
organic groups within the complex sample mixture. The organic material in
the sample extract was not sufficient to warrant separation by liquid
chromatography with further analyses of the fractions eluted. The total
sample extracts were analyzed by gas chromatography-mass spectrometry
(GCMS) for specific polycyclic organic molecules and priority pollutants.

Cl to C6 hydrocarbon compounds were analyzed onsite by gas
chromatography. The same set of organic analyses was performed on the
samples from the baseline and the water injection test. A discussion of
the analytical results follows.

Total Chromatographable Organics (TCO) and Gravimetric Analyses (GRAV) of
Organic Extracts

Total Chromatographable Organics (TCO) and Gravimetric Analyses
(GRAV) were performed on the XAD-2 resin extracts from the baseline and
water injection tests. The extract samples were combined with the organic
portion of the sorbent module condensate. The results from these analyses
are shown in Table 4-9. Three conclusions can be drawn from these
results. First, virtually all of the organics in the flue gas can be
found in compounds with the boiling point ranging from 373 K to 573 K.
Second, there is little effect on the distribution of compounds, with
regard to the boiling point, between the baseline and water injection
test. Third, the use of water injection has a very small effect on the
total amount of organics in the sample extract, decreasing the quantity by
approximately 6 percent.
Infrared Spectra of Total Extracts

The results of the infrared spectral analyses done on the total
XAD-2 sample extracts for the baseline and water injection test are shown
in Tables 4-10 and 4-11 respectively. Comparison of the wave numbers and
assignments (as well as the spectra themselves) indicate that the organics
were almost identical for both tests. Both spectra indicate that the
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principal constituents were an ester or a carboxylic acid and an alcohol.

Unsaturated compounds and/or aromatic groups were also present although

the intensity of the bands suggest that they may not be part of the

principal constituents.

Gas Chromatography-Mass Spectrometry (GCMS) Analysis of Total Extracts
Liquid column separation and low resolution mass spectrometry were

not performed on the sample extracts because an insufficient sample volume
remained after concentration. However, the sample extracts were analyzed
by GCMS. Specific compounds were identified and quantified with this
technique.

Tables 4-12 and 4-13 show the GCMS results for the baseline and
water injection tests. Table 4-14 lists the specific compounds which were
analyzed with the GCMS.

4.3.5 Bioassay

Mutagenicity and cytotoxic evaluations were performed on the XAD-2
extract sample from the water injection test. Results from the Ames
salmonella/microsome plate test show the sample nonmutagenic. Results of
the cytotoxicity assay indicate the extract has Tow toxicity to WI-38
human cells and that the viability index showed an EC50 value would be
obtained at approximately 152 liters gas/ml. Complete results and
supporting data are located in Appendix 1I.

4.3.6 Conclusions

The use of water injection for NOx control on Unit 52 appears to
have little effect on organic emissions. Neither the total organics, as
reported in the TCO and GRAV analyses, nor the species and classes of
organics charged significantly from the baseline test to the water
injection test.
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TABLE 4-10.

INFRARED SPECTRA ANALYSI

BASELINE TEST

S RESULTS -- XAD-2 EXTRACT,

Wave NTTber

(cm- Intensity? Assignment Comments
3400-3500 S 0-H Broad peak
2960, 2920, S C-H Aliphatic
2850
1720-1700 S C=0 Carbonyl possibly ester
1600 W C=C Unsaturated, aromatic
1450 M -CH3 bending Methyl groups
1370 M Possibly methy]l
1260 S -0- bending Ether/ester
1070-1090 M Unassigned Broad peak
800 W Unassigned Possibly aromatic
Substitution bands
710 W Unassigned Possibly aromatic

Substitution bands

Intensity: S - strong, M - medium, W - weak
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TABLE 4-11.

INFRARED SPECTRA ANALYSIS RESULTS -- XAD-2 EXTRACT,
WATER INJECTION TEST

Wave NYmber
)

(cm= Intensity? Assignment Comments
3400-3500 S 0-H Broad peak
2960, 2920, S C-H Aliphatic
2850
1690-1720 S C=0 Carbonyl broad
1600 W C=C Unsaturated, aromatic
1450, 1460 M -CH3 Methyl band
1380 M Possibly methyl
1260 S -0- Ether/ester
1070-1100 S Unassigned Broad peak
800 M Unassigned Possibly aromatic

Substitution bands

710, 700 M Unassigned Possibly aromatic

Substitution bands

8Intensity: S - strong, M - medium, W - weak

4-17




TABLE 4-12. GCMS RESULTS -- XAD-2 EXTRACT -- BASELINE TEST

Compound Concentration (ug/m3)b
Bis(2-ethylhexyl)phthalated 1.0
Other phthalates 1.0
Phenanthrene/anthracene? 0.5
Diphenyl ether 0.5
Pheno1l 1.0

AConfirmed by comparison with stgndard
Based on sample volume = 20.9 m

TABLE 4-13. GCMS RESULTS -- XAD-2 EXTRACT -- WATER INJECTION TEST

Compound Concentration (;g/m3)b
Bis(2-ethylhexyl)phthalate? 1.0
Other phthalates 1.0
Phenanthrene/anthracene 1.0
Fluoranthene 0.5
Pyrene 0.5
Terphenyl 5.0
Diphenylcyclohexane 10.0

(2 isomers)
Pheno1 1.0
Naphthalene 1.0

@Based on sample volume = 23.2 m3
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SECTION 5
SUMMARY

Exhaust emissions sampling and analysis was performed on Houston
Lighting and Power's Unit 52 at the T. H. Wharton Generating Station in
Houston, Texas from April 21-24, 1978. Unit 52 is a General Electric
Model MS 70001C simple-cycle, single-shaft, heavy-duty gas turbine rated
at 70.8 MW nominal electrical output and fired with distillate o0il fuel.
The unit is equipped with a water injection system for controlling NO
emissions. The purpose of the tests was to determine the effect1veness of
water injection in reducing NO and to assess the effects that water
injection has on emissions other than NO In addition, operating
parameters were recorded so that effects on turbine operation due to water
injection coul? also be observed.

One baseline test (without water injection) and one water injection
test, under nominally similar operating conditions, were performed. A
summary of the results is presented below.

Unit Operation

The use of water injection did not appear to have any significant
impact on unit operations other than an increase in heat rate of
approximately 2 percent. This results from some of the fuel heat content
being used to vaporize the water. A water/fuel weight ratio of 0.42 was
used to reduce NO emissions to a level just below the proposed New
Source Performance Standard (NSPS) of 75 ppm for stationary gas turbines.
A higher or lower water/fuel ratio would respectively raise or lower the
resulting heat rate. No other significant operational effects were
observed as a result of water injection.

Emissions

Exhaust emissions were measured for changes resulting from the use
of water injection for NOx control. Gaseous, particulate, sulfur
species, trace element and organic species emissions were evaluated.
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Total NOX, NO, CO, 02, C02 and total unburned hydrocarbons
were measured by continuous monitoring. With water injection operating at
a water/fuel weight ratio of 0.42, NO emissions were reduced 58 percent
from the baseline levels -- from 177. 5 to 74.2 ppmv NO at 15 percent
0 dry. SO emissions are wholly determined by the fue1 sulfur
content and are not affected by water injection. Changes in emissions of
CO and total unburned hydrocarbons were within the limits of the
analyses. Particulate emissions were very low due to the clean fuel and
efficient combustion and did not change significantly with the use of
water injection.

It appears that the use of water injection to control NO
emissions has an insignificant effect on trace element em1ss1ons
Furthermore, water injection was found to have Tittle effect on trace
element emissions with respect to solid/vapor phase partitioning.

Comparisons of organic species emissions between the baseline and
water injection test indicate that water injection has little effect on
these emissions. Neither the total organics nor the species and classes
of organics changed significantly.

Bioassay tests on the XAD-2 extract from the water injection test
showed the exhaust gas to be nonmutagenic and of low toxicity as determined
by the Ames Salmonella/microsome plate test and the WI-38 cytotoxicity
test respectively.
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PART III - Section No. 1

Table No. 1 - Proximate Analysis
Concentration in Wt. %

, Water
Parameter Baseline Injection
Moisture Z0.01 <0.01
Volatile Matter mmm——— ceeaa
Ash 0.01 <0.005
Carbon  aeeea U
Sulfur 0.10 0.12
BTU (per 1b.) 19849 19751
Specific Gravity at 600F 0.833 0.831
Table No. 2 - Ultimate Analysis
Concentration in Wt. ¥
Water
Parameter Baseline Injection
Moisture <0.01 <0.01
Ash 0.01 0.005
Carbon 81.98 84.91
Hydrogen 13.16 13.25
Nitrogen ' 0.11 0.17
Chlorine 0.14 0.13
Sulfur 0.10 0.12
Oxygen (by diff.) 4.5 1.42
TOTAL 100.00 100.00
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Symbols appearing in the tables:
DSCM Dry Standard Cubic Meter
ESP Electrostatic Precipitator
kg Kilogram
MCG Microgram
min Minute

ppm Part per million by weight

< Less than

* Sample not analyzed for the particular element/or ionic
specie

N Sample not analyzed

- Concentration in the sample less than the concentration in
the blank '
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APPENDIX C
TRACE ELEMENT FLOWRATES -- kg/min
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TRACE ELEMENT CONCENTRATION -- MCG/DSCM
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GENERAL &P ELECTRIC

GAS TURBINE
PRODUCTS DIVISION

GENERAL ELECTRIC COMPANY, ONE RIVER ROAD, SCHENECTADY, N.Y., US.A. 12345
' Phone (518) 374-2211, Teiex 145354

July 13, 1978

Mr. Brent Higginbotham
Acurex Aerotherm

485 Clyde Avenue

Mountain View, CA. 94042

Dear Brent:

Five copies of General Electric's report on the Acurex-GE joint test
at Houston Lighting and Power are attached. These should provide suffi-

cient data for your analysis, but don't hesitate to contact us if you
have further questions.

Working with the Acurex test team was a pleasant experience. Perhaps
there will be other opportunities for such tests.

Sincerely yours,

L.‘ Berkley Rvi s%eer
Combustion Development-LGT
Bldg. 53 - Rm. 322
Attachments

LBD:rhb

cc: Nancy Fitzroy, 500-224
M. B. Hilt, 53-322
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MS7001C FIELD TEST RESULTS
UNIT 52, HOUSTON LIGHTING AND POWER
APRIL 1978

During the recent field test of a MS7001C gas turbine, Unit 52, at
Houston Lighting and Power, personnel from General Electric's Gas Turbine
Division were responsible for measuring gaseous emissions and assessing tur-

bine operation.
This report details the results of these tests and fulfills General

Electric's reporting requirements to Acurex under contract RB68439A.

1. RESULTS
Some nineteen test points were run over a period from April 21 to 24,

1978. As indicated, these were spread over three days, with the first day

DATE IEST
APRIL 21 PRELIMINARY TEST, VELOCITY TRAVERSE
APRIL 22 BASE LOAD, NO WATER INJECTION
APRIL 24 BASE LOAD, WATER INJECTION

devoted to a preliminary test to establish the velocity profile in the exhaust
duct.

At each test point, gaseous emissions (02. coz, NOX. NO, unburned hydro-
carbons (UHC), and CO were measured at a sfngle point in the exhaust duct.

Machine operating data, sufficient to establish the airflow rate and
operating state of the machine, werealso recorded.

The subsequent discussion in part III of this report will address the
quality of results expected from single point sampling, as compared to those

LE)

from a traverse.
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Tables (1-2) 1ist the data points for each of the three days. Data from
2 point are input to a data analysis program called FIRCALS.

This program utilizes machine performance data,gaseous emissions, fuel
composition, and machine geometry and internal flow splits to predict machine
operational characteristics. For example, compressor inlet airflow 1s cq]-
culated using four methods; refer to Table (3) for an output sheet from

FIRCAL9.

Each columof results (e.g., FT. TEST FLOW) makes use of certain of the
data to calculate machine airflow, turbine inlet temperature and exhaust

composition. This is illustrated in the table given below.

COLUMN MEASURED CALCULATED
FT. TEST FLOW fuel flow and composition, machine airflow, 02 COZ’
airflow during factory test, water in exhaust, turbine
inlet guide lane position, inlet temperature.

ambient conditions

CHKD. FLOW compressor discharge machine airflow/turbine
pressure and temperature, inlet temp., 02, COZ’ H
first stage nozzle area,
fuel flow and composition.

50

OXYGEN CONC. 02, fuel flow and composi- machine airflow, COZ’ HZO’
tion turbine inlet temperature

C02 CONC. COZ’ fuel flow and composi- machine airflow, turbine
tion inlet temperature, 0s H20

G-5



Turbine temperatures are proprietary to General Electric and are not

included in the results.
Results tables for each test point are interpreted as described in
Table (3). The complete sets of results are given in Tables (3-17).

1. DISCUSSION

The core of the test results is contained in the test points 6-11 and
14-18. The first set is at base load with no water injection, while the second
is at base load with 40 gpm water injection. The main points to note are the
NOX, NOx(ISO), 02. and airflow rates.

Emissions of nitrogen oxides from a gas turbine are strongly affected

*
by ambient humidity. This is taken into account using the relationship

NO, (1S0) = NO, (MEASURED) o 23.2(H-.0063)

While measured NO, varied considerably during the course of the dry test
(pts.6-11) in response to a cold front moving through, NOX(ISO) changes about
* 1 percent. A similar statement applies to results from the water injection

test (pts. 14-18).

. :
The constant 23.2 appearing in the exponential is derived from General

Electric data. It gives numbers 2.7 percent higher than the EPA constant
«»0of 19.0.



NO, EMISSIONS

OPERATING MEAN MEAN
POINT NOx(1S0) ppmv 02 (% by Vol.,dry)
+1.7%
BASE, DRY 159.1 + 1.0% 15.30 -3.5%
BASE, 40 gpm 67.7 + 1.1% 15.12 #1%

The variat1on* in 02 measurements dur{ng the dry test is somewhat larger
than that in NOX(ISO). This is apparently an outright measurement error in
one point (pt. 8) that was taken during the period of severe weather.

Airflow in a gas turbine {s directly affected by ambient variations and
as the numbers in the tables vary by some + 2.5 percent with time. The mean
levels (for, say, FT. TEST FLOW) are representative of the expected perform-
ance of the MS7001C axial compressor.

A comparison of the compressor inlet airflow values from each of the
four calculation schemes (CHKD. FLOW, etc.) reveals excellent agreement

(+ 1.0%) between airflow from FT. TEST FLOW, CHKD. FLOW, and OXYGEN CONC.
Note that pt. 8 is an exception (+ 2.2%).

The airflow calculated from measured CO2 (CO2 CONC.) shows relatively
poor consistancy and agreement with the other values. This is particularly
apparent in the water injection test, where the airflows predicted from

measured.co2 concentration are approximately ten percent higher than expected.

ﬁﬁhis variation is calculated as a deficit from 21 percent atmospheric 0,.
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The large amounts of water vapor in the exhaust obviously affect the instrument.

The 502 values 1n the tables are calculated assuming one hundred percent
conversion of fuel sulfur. This {s consistent with General Electric's
experience.

Two fuel analyses are given in Table (18). The variation {n measured
hydrogen is typical of that found frdn repeated measurements of distillate
fuels. The ash content is, in both cases, higher than expected for distillates.

Table (19) gives a breakdown of the ash, with the primary constituent
being an oxide of zinc. The hydrogen values in Table (19) are determined

using the Galbraith method and are not as accurate as those in Table (18).

III. SUPPORTING TESTS

Subsequent to the Acurex tests, considerable effort was put into obtaining
yery accurate hydrocarbon measurements. In preparation for these tests, the
stainless sampling probe was washed with acetone and methylene chloride,
passivated with nitric acid, and washed agéin with methylene chloride.

In addition, an abbreviated stack traverse (18 pts.) was made.

There are two aspects of this portion of the testing of interest to
Acurex: the hydrocarbon readings themselves, and the variation of Nox and 02
over the cross section of the exit duct.

Figures (1-3) give the results taken from a base load point with 40 gpm of
water being injected. Each figure shows a definite profile across the stack,

with a3 NOx variation of + 5.9% (+ 3.3 ppmv). The point customarily used
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for single point sampling is just above position D-4. These data indicate
that the NOx is approximately 2.2% lower than the mean value at that point.
Thus, the readings reported in the previous section would be within two
percent of the true mean.

Oxygen readings have a + 3T variation of + 4.5% (referenced to 21 - 52).
and verify the trends observed in NOx. Unburned hydrocarbons are quite low
(< 2 ppmv); they show a very wide spread (30 is + 79 percent).

Other points presented in the tables give supporting data. For example,
points 12 and 19 are at base load, dry; they were taken just before and just
after the water injection test. Note that NOx(ISO) values are in excellent
agreement with those previously obtained.

Machine performance and emissions measurements taken from Unit 52 at
Houston Lighting and Power are both self-consistent and in agreement with
data acquired from other machines of this class.

Close agreement between airflows from different methods of calculation
give considerable confidence in the airflow levels. Any discrepancy between
these va1ués and that obtained during a stack traverse should be carefully
reviewed.

Single point sampling should give adequate results for gaseous emissions
such as NOx and 0Op. Measurement of species present at very low concentrations

requires a traverse.
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rsa Coliluy Cellve Lot} Coui??
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NOX(15C) "= kY 3Ive, L IV, 4 3(3-9.
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NOX(]1S0) PErg Ty Vet Coett Lebl [T -]
el NUX PPTE FunL Teto 7.7 17 £e3
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U2 (U %viiel Y 19el7 1%.27 Luery 1572
(@Y Nl ey bals e, 1 Galt SepS
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TABLE 12

10 37THUUKS

EIRCALY REVISED pas30/ 18

. HOUSTON LIGHING § POwEr
MS7001C APKIL 197¢

TES! PY l1lU=hltmeslGra \Y LLTPLY 6l.U0 Ha
DATE TeLé2a NGX 972 PPMY (WL T)
I ime 1801 HOURS LA LIIUY A7 .M PRy (wET)
BARUMETER 29,810 INS MG, ho 53,4 PPMY (®ET)
T (DRY) 85,C DEGLF, RO (I150) 62,9 PPHVIRET)
I (NFT) 1.2 LEGLE 02 15, 1% YL (URY)
REL 4HUF, 51,4 % e PO Vb, (URY)
AByeHUMe 00132 LBs/Lis (4 Te¥ POV LeY)
Lov 1a8,1 £l Mt ¢ ) PRy (ne Tyt
CD1 627U CEG,F, mau CIVIRY) GFIt
deGeVe . T7.L _ WEGH, FlukL 10955 PP3
-— . . b wOIEEsY UL, 063} L35/L8 —
COMLGLFF, 99,96 ¢ Fite OeUlLH % Y nl,
Fr.lenT [dIPEP DAY 8 Cug
FLOw FLCw CONC CoNCe,
WEX(DKY) MSCF/rh 250 lobe 25,5431 £€5,06357 273753
wNa pee %51.%2 &8¢ 3 sol,.? 599,11
_WALLISL) (43 YEYeS L60.2 LUl et tLouel
H20 & OF COMivg ™ 1.C1 " - T -~ Ue9Yy Ceyd ’
# /A Deli190 Ue(r19e¢ CeC19S COeDLED
NGX 313 1692 & 19z.1 197,8 2051
NOX (]SS0} (22 223e2 bl €741 2elel
NOX 12% T2 Loy 7345 Ta,t ra,6 T9¢ 7
NuX PO o g oY Lede Laldh Ued2 Lele
NOX (15U) PEMBTU 0.+25% Ce29 VelY Ce3l
] NOX PPTFP FuLl Lol &, 9 b9 Sed
EL ANDOY 189 5.2 [ J SuE Lol
URG,NUX 10uUx YLE 3,1 3,1 FY 249
U2 CONC %v3LeusY 1503 195.12 1hel4 1551
L2 LW} VIN ] _halds ©.24 YR Lo 00
CO AT 1%g 37 DRY Te9 beC BeU Beb
tl CO ¥#PTP FULL Oe40 .0e%d Vebl (/P )
502 powvy D&Y 20486 20,3 £Ve2 189
VRY TO wWET vOL 1089 le0v leU Y LeUT7Y
MMW (EXHAYST) 26e5¢ 28.56 CE 508 2859

e tem o vttt e —— —_— -
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TABLE 13

06/29/78 10¢370UpS
EIRCALY REVICID Ae/an7//s

HOUSTON L1GKING & POwtk
MST001C APK]L 1976

TEST PT 1406 1hw=40cPN (& oUTPLY 61.V0 Ma
DATE 780624 hix 87,8 PPHY (RET)
Loy meRs NCXLISC) AT M LA

BAROME TER 29,790 INS,MG, NU 83,7 PPLV(®ET)

T {DRY) 83,5 DEG.F, NC(ISsuU) 63,v PPy (mET)

Y (WFT) 20,4 DEGLF, 02 18413 YAl s (VKY)

REL oHyMe 53,1 % co2 3.92 VIle (Uny)

ABSeHUM, 0.0131 LPS/LL v Bel PRIV (LRY)

Lnw lag v ES]2 LiHC 2.6 PPy (Wi T)Che

T 626,0 DEG.F, HSU “0,U Gar

debeVe 77,0 _ LEG.F. FitL 10,981 P2s

N ' YRS WIS 0.51 LBS .Y

COMe,EFF, 99,90 o FL.: OeUlb % Ly wi,
£T.1:¢1 Lrol XYy Cig
FLLw FLlLe (A ' Cuhl,

WEX(DRY) MSCF/mF 25%e¢42p 25,6360 £%,6%: 1 é8eU02¢

NA_ 455 L82 & L& ¢ LYy !] 8lies

RALLISU) PYs 9Es.cL 5¢a.t Y7y, 362

H2UT % OF CoMrL, T 10 1.0 © O Ce9y Gesl

/A C.U}199 C.Gl97 UeUibS 00179

NOX Pp= 190 .5 lgz, > 1e3.F . 21C40

NOX (] SU) Bt €23.5 225.5 2<¢143 24T

NOX Is% 52 ury 13,0 Ta,l fogh 6le3

NOX DPraT | .01 Ladt Lal& Lagd Qed27__ .

NOX (18U PhrigTy Ue29% 0,29 Ugdy Ce32

£l NOX PPTR Fyr, “obs 4.9 T3] S5e3

bl NAY 1€~ 8.7 [ ) DY Lad ..

URG,NUX 1.z voo 3,1 3,1 3,1 245

V2 COKC SvUL ey 15,03 1%.0¢ i%,13 1502

07 2 V3 Doy 934 e 37 “al3 3292

CO AT 1%y 252 pay 8.1 el Had G0

Ll CO PPT? FugL Qeel 0,61 Vo2 Cetd

A02 PPMy pay 20.& 20,8 £l 034 loeo__

DRY TO wET VL leUT5 lel79 leU/ lelU%4

MMw (EXHAUST) 26450 25,57 e Y ZhebU
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TABLE 14

08/29/76  10.37HGURS

- £ 1 YISEL; L4229D7¢tR

. HOUSTON LIGHING &6 POtk
MSTUDIC APKIL 1976

TEST pPT 130«61nac06PN (§ GuUTPUT 61,V0 Mw ’
DATE 780624 RUX 5748 PPLV(NET)
12aC HA RS LEX (1 KAL)
BARUMETER 29,780 INS.HG. Lo 33,6 PPV (WwET)
I (DRY) 83,3 DEG.F, NO(1Isu) 62,9 PPMY (WET)
—l INET) 2.8 3 0z 15,14 MoL L tDRY)
REL JHUH, 53,.¢ 3 &+, 3,93 VL, (MRY)
A . de Uel13¢ /s ¢ 7e0 P?!ZV(U,(Y’
_LES Y lakob EE?LL" 1cn & &al P2 W{*FT . Che
(@3] 628,0 CEL.F, (L Fis] &40,V GPK.
loGoV. T/.C CE’J-F. Fuel 10944 PPs
- . sAly s - Q.21 13as/Le ____.
COMB,  LF ¢, 9560 fea Dot B LY a7,
EI.lrt Logt . DXYRe ¢ Lvl
FLUA FLUN CONC . ’ ConcC.
NEX(DRY) MSCF /. 4k 252463 E5.403¢ £540UL0 278358
V- iy LNV 8¢ 2 €al .y 0K R
~NALLSE) il LT 5%3,: LTI 04543
H20 TR OF Cune] Tevd = = e Vo99° 0.91
/A Celdlyy ColilyY Caiyd CeOLED
_NOx v 19C, 1 1gl.2 1¥2.7 L06e5 .
NOA(]150) Brm 2i3e 2c4,L 2643 daee?
HOX 155% L2 pay T4a.t Ta,l ra,? 8Ce?
NCa pee v, 14 41 NP Calh Lag® 0-27_ —_——
NOX (ISD) PemgTy Vecs Uely . Veci Oe32
el hOX PRI Fyusy 4o F 8,5 4,y $.3
L1 NOX 1~y 5.2 5.2 5.1 622
URG, MUX 10L& YL 3.1 3.1 340 244
Y2 (UNC Sylpapay 1%¢15 15.,0% 151« 15e0]
L0z VWil Loy 8,33 £a3] Qi 3e593
CO AT 15¢ LZ Dwy .0 TeY [ ] Be?
Ll CO PPT? FupL Bsb0 Dol tedl De4é
o000 PONMY Dy 2043 20a6 £Uad 18e0
PRY TO KET voL leu?9 1oty leUle leUTw
MME R XHALST) . 2be5¢ 2k 5¢ €85y 2Hecl
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TABLE 15

06729778
£ 1

10.37““UR5
ISED 473074 M

HOUSTON LIGHING ¢ FOMEK

MSTO01C APKIL 1978

1E51 PT 16Ue51aSHu=e 0GP \) OLIPLT 6le50C My, -

DATE Te0e 26 I L1 7%} PPy (wET)
—T LA PO W LLELISUS Aboy PPy (WET)

BARUMETER 25.760 INS,HG, L0 51,8 PPLV{WET)

T (LRY) 8l.2 DEC,F, NCLISO) 62,1 PPHV (WET)

> 4 LNET] by 2 I o | r\_rr. E' 02 1% 10 VﬁlleﬁYl
REL MUY, 6l,:2 » Cue 3,87 Vil vy

AByeny!’s Velilbl ee/yn Ct Bou Pory (LgY)
~Lp lasas 12514 Litof ool P2,y mbT s,

CoT 624,( DEG,.F, eV “Q,U GP..

l1oGaV, T7.¢ LVEGLT, FuLL 1l.uba  PRg
- T : ‘ Salfl Pt [ TH LI3S/LS

Lo Ert,y 99,80 & Fis Oeuln 5 Uy w7,

FT.1:vT Losp t o aYish o Luz
FLU FLL" CONC e Lo,

WEXIDIY) “S{F/ ik €90 3440 Set2069 €hetn?3 28e55] 3
_’A £ 28 SLh Reg ¢ S6hd 3 L2999 . . .
SHAliD0 . R Shyep 5Gaek Syl.b CLl3el
MR conal TTTIRE T vToy Ceno
PR Vet'199 tellye VeulsSe Qe0177
DA £ 1ab,.4 164 .0 lu7,.¢ ——me BT e
BLX LI SL) ¥iory ccdeu 273.% 2Cu g caBed
HuA 184 S& .y 73.5 73,0 13,5 Eled
N TR S DT ¢ Uala Lals Vst . ._Lelu.  _
HOA(1Se) Peiply Oed8 UVel6 VelY 0e32

S S SV S LE-) SN ST 6,7 &7 6,7 Sed
k1 X118 Sals bt Sa7 —_— b0l .. .
Uk, t0a 150 Yot 3.1 3.1 3,1 2en

Le LN Svouleyd 15,10 1840, 15,19 15+09%
Lrg L ENONIRIEL: —ba ip 4423 a3y denl

QU AT 1o L2 ey §e2 hel Be2 Gl

Ll CO PPTF FUCL Gotl Uesl Vel Coevt
SUZ POy iy 20.4% 20,8 £Ua& 183

VRY TO Wil VL le04] 10t L levey leti?e
AN ILXmALST) 2be55 . 2B.5% TR Y

e en— -
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TABLE 16

06/29/7% 16,3 7THULES

$IRrLl & :t,\ll{l D 423021k
HOUSTUN LIGHING g PUNLE
MSTIC0IC APR]L 1978

1EST PT 150=63'1.=406PH \S ouIPLY 63,00 ., :
DATE 80624 Kk 1Y PPuMy (WLT)
AN T 1300 S T W B-TCS) ARLY PRIty {wiT)
BARUMETER 29,780 INS.MG, N - 8l,9 PPMVINET)
T (ORY) 77,0 DEG.F, NUCIS0) 63,4 PPMY (RET)
et L ME TS e JE Y DEGLE : 02 18 U2 NI LVY)
REL  HU:, 74,2 % L2 3,98 VL, tLUEY)
AR gemU!te Celley 59/ 8 cu Te¥ PPV (LRY)
Lur let o8 FSis At 2.1 PRIVI"ETI Che
ot 6lo,0 DEG.F, Hau &0,V GPia
JaboeV, 1.0 DEGeF, FutlL l1leded PPS
- 3 r &5 LBS/sLB .
COFLebFr, 99,90 o ' F Lt S 0euLE % LY *T,
£1.1:%7 Lol AxYs5e Y SR <) J——
Fulv FLOwW CONCo CONC,
WEX(DKY) ¥SCF/tih 25%¢5¢H7 25,7321 549913 26023095
—na [ SL Sol G YN S SIC S LlEeT.
_ WALISLY . PES  LbEYel | 593,3 59540 6501
TRIU % OF Clwey "Clhe C.5¢ . Veor = T 7 puhu
t/A Veu2CU 0.019% VeIl 7 VeClE2
NOX 1 3N 1k, 1 lavaz, 1yl 2086 .
NOX (] SU) Bire, 2%t £31,.2 23344 292 e~
NOX 19% U LIy Y PR Te.3 15,0 flel
NOX OC3:T 1 by Usst LL.2¢ Lads —_le2t __
NOX (150 PPMETL Ve ® 0,29 Vel¥ 0e32
Bl NOX PPTF PULL oty 7 “,? Sel
2l LOoxt1s%) 8,7 L 2 S.h Hedld. .
OkG utix 10L% YL 3. 3,2 3,1 2%
U2 UG SviLeD. Y 15«0Vt 15,01 19, ¢ 15054
Ll w Vol pry g AC 42317 o3¢ 3e9b
CO AT 15 U2 Dty el 7.9 8§40 847
£l CO PPTF FULL Oetu Ces0 Vebl Qe
S02 ppuy CrY 20U 20,7 2UL% __18e3
DRY TD WEY vuL leuibys leUo2 leUoe2 14377
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TABLE 17

/
06729778 10.37HULRS
- EIRCALY REVICE); 032307 g
HOUSTON LIGHING & Plmtr
n571001¢ APRIL 1978
TEst pT 16062t \§ oL TP 62,V0 Ma .
Pate 780624 LCX 130,84 PRiy (WET)
= & 31 2090 MRS AUMLISUY AR 4 B y(mkTy
BARUMETER 29,820 INS.HG. [ N3] 123,6 PPVV(RET)
T (DRY) 73,5 DEG.F, kO C(1s50) 149,08 PPMy (WL T)
L AWETY g9 2 DEGL.E c2 15,35 YOL [bkY)
REL o MM, dl, e % CLe 3,82 VIL, (ury)
Aoy e D.0165 LBS/La (49 Sef Pory (LiY)
Lo léep & Fsle 4 1.5 P=+y.-g14;ug_
ot 6lelt VEGeF, HZY Ve Goie -
lebov, 77,0 .DEG.F, FoeL 100432 PPS
. BeTEL /Y UE. U, L3S/LE —
CUNMDEFE, IveSI Ty FFi, VeUUb % By wr,
ET.1i¢7 Chain JAYLS Lug
FLOW FLOW (S HTEN CorCe
WEXI(DAY) MSCF /9K 25.R430 2640124 £b,VaT? 26elnls
.7 pos Sht & 5901 SIU ble, s
wi (i) L] YnYet D3i.4 SYe,l 63%e¢
m2U ®GF Corer, Ue Tue 7T N 0.
rrA VeU1%] Calilyy VelilGy Vel170
A P om % D $32 .k ¥ Y I alles
N TTSG) b tem Sebel YO LEIAS 0en
N X 154 o vy 171.,2 17¢.n 11,4 1gley
LA DT g sy Lea? N Lab? Deol
NOX (150) PEraT, Cess Vel Vet UeTe
L NOX PRTS PUzL 1142 11.2 1142 12l
Ll _NoYr1emy 13.5 13 _« 3.4 loes
URG Ux 120+ Yo 3,1 3,1 3,1 2o
Ve (g SVlLeuqy 1%.3) 153 1543 Sele
i£L el D3y &, 18 4218 bal¢ 3en2
CO AT 1vg 932 poy 6.0 640 bl 6eh
£l CO PPT? Fupy Ve29 0e30 Veldu Ces2
—0 PoOvy Dy 19.7 19.5% i9,% JEe1l
VRY TO uET vl leUs3 leCoe levez 1eUs0
MM (EXHALST) . 2673 254673 k13 28473
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TABLE 18
MATERIALS AND PROCESSES LABORATORY
SCHENECTADY, NEW YORK
ANALYSIS REQUEST-REPORT

RECZIYED_ S/24/78 . LS. Ny, 78C-1068
TED 5/31/78 SPECTRIN ND.
RECVESTED B8Y  R.A. Hiskanin BLDG. 262 py. 105 EXT.
POJICT N0, . :
SHO? CRCER 2318-422-307- 114 _0PT, cc.
DESCRIPTION OF :ATERIAL s Turd, 1ab
Fvel Type €2 (4.26) mge
$4 229
doalysis X-R2v Ssecira Part.

Raquested Wet AA .emiSs aiff qual guent Probe Organic Therme! Gas S'r...v Dtrer

CUO 10 O ooy
Kpte WMV ash, o X-ray: § Evendale: H IcBride: Soac, Grav, & ¥isc 0 100°F

3 vater 210°F, C residye, Distiliation curva,
Galbraith: €/t ratio aniline pt.
L2118 MYV (BTU/1B) 19,730
a. pom pch k74
n * 0.8
y 3 0.17
3 H 13.58
1 H,0 <0.02
$p. Gr. 2 150°F 0.€20
O Sp. Gr. 2 210°F 0.782 "
‘- Viscosity @ 100°F 2,78 st
" Yiscosity @ 210° V.07
aas * Anilire Point °F 156 ST e
Carbon Residue {10~ Cottoms) 0.18
Distillation d 03
Inftial Point 26 $0Z Distillied 482
102 Distilled 396 602 . $02
H . 422 702 - 526
302 * €40 080% - 550
403 - 464 90z - 576

-Inﬂ::;ri'c.s ;h;llid ‘:é dh-e:u-d t::. D;rf( M‘r“//rrr ,//3«"6 Nr Br I.’/e' Ext. §-2113
- l L4
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TABLE 18 CONCLUDED

PECEIVED _ 5/24/78 ' U8, M0._78c-1089
0RTED__ 5/31/78 ECTRYUM WD, ’
. REQUESTED 3Y  R.A. Miskanin BL0G._ 262  ma. 105  gexT.
FPROJECT 0.
SHOP ORDER 5418-440-300-113 DEPT. cc.
OESCRIPTION OF MATERIAL__ Gas Turb, Lab
£ T 2 {A- P
SN _2e8 . .
X-Ray S%ectro Part.
z;z::::d et AA emiss diff qual quant Probe Grganic Thermal Gas Study Cther

WO OO O OO s

Het: HHV, ash, N X-ray: S Evendale: H HcBride: Spec. Grav, & Yisc, 9 100°F

% water 210°F, C residue, Oistillatfon cuyrve,
RESULTS HHY_(BTY/1b) 19,665 )
‘ ppm ash 23
IN- . 0.009
13 9.1)
W 13.40
H.,0 «0.02
$p. Gr. 8 100°F .0.323 .
$p. 6r. 0 210°F 0.782
Viscosity 0 100°F 2.59
Viscosity @ 210°F 1.08 .
Aniline Point 155°F
Carbon Residue (10% bottoms) 0.29
Distillation hid °F
Initial Point 32¢ 50 Distilled 487
10Z Distilled 401 602 . 563
202 . 428 0% . 523
302 . a8 tos g 552
407 . 466 903 = 550

(3

Inquiries should be dirreend to: 2,28 M. r?'/;,-,,[ﬂ;ﬁ HeDpyd o Ext. 5-2113
d 7 -

G-28



TABLE 19

MATERIALS AND PROCESSES LABORATORY
SCHENECTADY, NEW YORK
ANALYSIS REQUEST-REPORT

-

o o3 18, 40, 7%C-1068

* .-'-c:-—-__— -_—-
o e SPECTR' 0. BF1 .
' .y €&, Hislanin BLOC. 262 M. 1% 7.
A AT T L L DEPT. ce.

¢.72331 OF MATERIAL___ . 63s Trb. lab — -

Fuel Tyne £2 {4-26) HLEP
I X 289 -

et I-Ravy Ssectro Pare,
Y738 wet M emiss diff qual cuant Prode Orqanic Thermal Gas Study “tier

Taiaseed D D D DEDD D DD:Z

Galbraith: C/H ratio

LS —

'_———_——“———“—__—_—————_‘_““_

LSS soprox. T in ash
in  jor 210
L) 0.3
Sn 0.2
Si 0.2
Fe 0.2
Cu . 0.1
Ca ’ 0.04
ttg 0.02
v 0.01
Mo 0.01
Al 0.002 -
)] 0.093 L
™ 0.004 R
i 0.003 S
4 85.07 .
i 13.23 = .
Incuiries shayld Se directed ta- ,ﬁﬁ{u Ext. 5-2113
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TABLE 19 CONCLUDED

RECEIVED $/24/78 - LS. 80, 73C-1069
REPORTED 6/7/78 SPECTRUM NO.  BF)
REQUESTED BY___ R.A. Miskenin BLDG. 262 mm, VU5  gxt.

#R0JECT 0.

SKEOP ORDER 5815-440-300-11) EPT. CC.

DESCRIPTICH OF MATERIAL  Gas Turd, Lab
Fuel Type #2 {4.22) WLEP
SN 288

Analysis X-R Ssectro Part.
X det AR emiss diff quil quart Proce Organic Ther=al Ses Study Other

e s I o o o o o o e N A e s

Galbraith: C/H ratio

RESULTS approx. $ in ash
n major 210
Pb 1.2
Fe 0.2
Sn 0.1
Cu 0.1
\J . 0.08 .
S 0.04
Ca 0.03
Ni 0.02
fta 0.01
Mo 0.006
A 0.00S
Mn 0.002
R 84.03
H 13.07
Inguiries sheuld be directed so: /3 A I L £xt. 3-2113
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Figure 1. M57001C total hydrocarbon emissions at base load with water injection.
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Figure 2. M57001C oxygen concentration in exhaust at base load with
water injection.
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APPENDIX H
ANALYTICAL PROCEDURES
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APPENDIX I
BIOASSAY RESULTS
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SIONETICS

LBI ASSAY NO.

L8I SAFZTY NO.

MUTAGENICITY EYALUATICH CF

OIL FIRED GAS TURBINE NO. 1 SASS TRAIN
XAD-2 EXTRACT (IN METHYLENE CHLORIDE)

IN THE
AMES SALMONELTA/MICROSCHE
TaTe e,

FINAL 2E3CRT

i

SUBMITTZD 10:
ACUREX CORPORATION
485 CLYDE AVENUE
MOUNTAIN VIEW, CA.
94042

arrmag s——— ay,
sugMiTiIl EY:

t sammma - e a gy - aAn *n

LITTOM 3ICMETICE, INC

S2Ta vrALM :"[ [

- et -t -t
PT-4. LTt ] CIAMAL e m—mm—a
CENSINGTON, MARVLAND Z27%S

3986
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PREFACZ

Tnis raport csntains 2 summary of the datz camoiled during the
avgluation of :NE <3st comgound.  The raoert is oSroanized s ograsang
the raesuits in a .c1;e ang 2asily intarorerzdls mznner. The

First par< c:ntains feams [-[X. Iltams I-IY sraovida ssensor and
cemcoung igantificaticn informaticn, tyge of assay, and the 3ratacs!
referance nymter. All orotocal refefﬂﬁcas indicats 3 standard 2re-
cadure dascrided in the Littsn 3ionetics, Inc. “"Screening Sragram
for the Identificaticn of °ct=nt1a1 Mytigens and Carcincgens.” Isam i
srcvices the initiation and comgletion datas For the stucy, and

{tam VI orovides identificaticn of sucervisary cersonnel. 1<zm Vi
‘cantifies tne tadiss and/er figurss cont ining the data used v ns
sudy direcisr in intarzreting the 3ast resclss.  The interoretacian
itself is in [zem VIl Ttem X zravizas the sanciusicn anc aviiuae
ticn.

The secinc zart of the resers, sntitled TRCTACIL, cascritas tne
Tatsrials 2ng orocacuras ampioves in cs cucting Ine s3ssay nis zart
> tne rezort 2isc zgntzins evaiua:i:n grizeriz used v the siugy
2Treciiv, 2ng any accencicss. The avalyztion criteriz zra jrcludes
T3 2czuaint the sgensor with the metiods usss o dsvelisp anc znaisze
the 25t resuylss

411 t3sT ang contrel resylts sressnzad in Inis ressrs 3re suszoroed
:y T4iiy docurmentad raw data which are sermanenzly mainczines in

the fiias of ine leoar<ment oF Zenetics anc el Siclagy or in ns
2renives of Litizn 3ionetics, Inc., 3314 !lichoiscn Line, Xensing=an
Marvlzpd, 20735,

SICNETICS



T. SPOMSCR: Acurex Corporation

1. MATEIRIAL (TEST ICMPOUND): L3I ASSAY NUMSER 3986

1

A. Icentificaticn: 011 Fired Gas Turbine No. 1 Sass Train
XAD-2 Extract (in Methylene Chloride)*

February 23, 1979
hvsical Cescription:

3. Data Received:

.
)

Clear yellow liquid

—e
"-e
—
.

d
b
"

CF ASSAY: ~mes Salmenella/microscme Mutzgenesis Assay
V. PROTOCOL NUMBER: 201
Y. STUDY DATES:

h)

A. Inizfatien: May 18, 1979
2. Cempietien:  June 8, 1979

41, SUPERVISCRY PERSONMNEL:
A.  Study Dirsczar:  D.R. Jagannath, Ph.D.
3. Laborztory Sucerviscr: Sibyl Goode

T

P

YIII. 0 INTEIIFACTATIIN OF 2ESULTS:

sariss oF in viire microsial 2ssays amsioying
incicator orzanisms. The ¢IomPcund was t2sT:c
in the Jresencs 27 liver migroscmal enzyme -

from Arg2cior-incucad racs.

The fast ccomooung was 2xamined For mutaganic zsTivi

The compound was tested &t four concentrations according

to the IERL-RTP procedures Manual: Level I (1977). The

compound was tested for its mutagenic activity as well as
for its toxicity at 0.01 mg, 0.1 mg, 1.0 mg and 10 mg per
plate.

The toxicity results presented in Table 1 indicate that
the test compound was not toxic at the doses employed in

these studies both in the presence and absence of meta-
bolic activation systems.

*See Sample Preparation and Handling.

I-5



[
<
.

~

-
o]~

L]

NTZRPRETATION OF RESULTS (continuec):

The mutagenicity results presented in Table 2 indicate that
the test compound did not induce any genetic activity in any
of the test organisms employed in these assays. The results
of tests conducted on the test compound in the presence of

a rat liver activation system were also negative. The test
with TA-1537 was repeated in nonactivation and activation
assays because of high solvent values in the initial test.
The repeat tests were also negative.

CoNCLUSICNS:

The test compound, 0i1 Fired Gas Turbine No. 1 Sass train
XAD~2 extract (in methylene chloride) did not demonstrate

Submigsad st

Study Sireceoor

Y
| gééf\:\
S

J.2. .agamnain, fa...  se-s
Sacticn Zhiaf

Submammaiian lsnetizz
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SAMPLE PREPARATION AND HANDLING

The test material was received as a solution in 1.2 ml
of methylene chloride and was stored at 4°C until solvent
exchanged. The entire sample was exchanged into DMSO by first
adding 2 m1 DMSO and reducing the volume to 2 ml under a
stream of nitrogen in a warm water bath (33°C). Then 0.5 m
DMSO was added and the solution evaporated again to 2 ml.
This last process was repeated once more, leaving the sample
in a final volume of 2.0 ml. This sample was stored at 40C
until use in the cytotoxicity assay. Since the original test
sample represented 307 ft3 of exhaust gas, the solvent exchanged
sample corresponded to 153.5 ft3 gas/ml or 4346.5 L gas/ml.

A solvent exchanged DMSO blank was also prepared by the
above procedure, starting with 1.2 m] methylene chloride (same
volume as the original test material). Since the test material
did not exhibit any mutagenic or toxic effect on the indicator
organism in these assays, solvent exchanged DMSO blank was not
tested separately.

BIONETICS

Litton 1-9
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PROTCCOL NO. 401
AMES SALMONELLA/MICROSCME PLATE ASSAY

1-10 ’

QBJECTIVE

The objactive of this studv is toc evaluatzs 3 tast matarial for mutacenic
activity in a bacteriail assay with and without a mammalian S8 activaticn
system.

RATIONALE

The Salmeneila tychimurium strains used at LBI are all nistidine
ayxotrogns by virtue oT mutations in the nistidine copersn. When these
histidine-dapendent ¢211s are crown in a minimal media petri plate con-
taining a trace of histidine, only thesa cells that revert 0 nistidine
indepencence (his+) are aple to form coionies. Tne trace amount 6f
histigine allows all the plataed bactaria 22 underge 2 Faw civisions;
this growth s essential Tor mutagenesis to occur. The nis* revertants
are 2asily scored as colonies acains: the sltght background crcw;ﬁ The
scontanegus mutation {requency of each s:irain is r=1af1veT/ censt

but wnen a mutagen is added to the agar, tne mutation fraguency is
increasad 2- to 100-fold. Calls which grew o form colonies on the
7inimail media petri platss are :he*afore issumed to have revertad,
2ither sccentznesusly or 2y the action of 2 test substance 2 his-
Zeneotype.

MATZRIALS

A. indicatsr Micremrcanisms

Tne Salmenella tvohimurium strains used in tnis =s 2y were o ctzined

frem Cr. 3ruce Ames, University of California at 3erxelev.:=% The
Teilewing 3 strains are rcutinely used.

Strain . Gene Agditicnal “utatisns Mysaticn Tuce
cesignation Affacztad nepair wrS R raczor Cetactad
TA-133S nis G L uvr 8 ria - 2asa-gair

substituticn
TA-1337 nis C s oyur 8 rfa - Framesnif:
TA-98 hHis D A uvr B rfa pKM101 Frameshift
TA-100 his G 4 uvr B rfa pKMION Base-pair
substitution
2IONETICS



H .?e &bove sirains "ave, Tutaticn in the histidine oper
;;:j that leaas t2 cefactive Zzpc:o.;saccﬁar:cn gsat
cSvers zenes invoived in the synthesis of vitamin a o... {
he renair of u¢t avigler (uv) - nc ucad ONA damag
TuTation mzkes =ne stra2ins more cermeabla =a many Icr‘= ™
The uvr3- 1utat1cn cdagreasas *eca1r of scme types cf chemi
onysicaily damaged SMNA anc tnerﬂs/ nhancss tne strain's

73 Some mutagenic agents. The resisctant - an5°=f faczor alasmi
\R faczar) axMiCl, in TA-S3 and TA-1CO is uElT‘VE“ t2 Zayse z2n
in ,.rqr-pr sne JNA regair that leads t3 many more mutations far
dose of most mutzgens:. In add1:1cn. plasmid 3101 canfars ress
to tne antibietic ampicd 11in, which is a convenian+ markar o dets
the presence ¢f plasmid in uﬁe calls.

PR T

i

é

C
<
"l
u

d1;a;ar strains are xeot at 3°C 2n minimal medium s
.h wrice 9f diotin an axc2s3 97 Nis=idine. The
fasmi -f=r~v1ng strains 2in in 2¢citicn ampiciilin /
dre stadle mazintanance aF pizsmid sKMI0T.  Mew T3¢k ~uT~
s drs Tace svery Two menins from the frozen mas-ar 4T
calﬂnv reisolates that were creckec Fir their genc./;tc cha
2, Jvrs 8i0) and “or ine sresance oF plismid. *
&n inccuium Trom tne stcck cuiture platas is srown cvernd
in autriens :rcbu {Oxgic CM67) anc used.
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EXPEIIMENTAL DESIGH

A, Cosace Selection

The tests are run at four concentrations according to the
EPA Level I Manual. The recommended doses are 0.01,

0.1, 1.0 and 10 mg per plate. Both mutagenicity

testing and toxicity testing are performed using

these four doses.

3. Mutagenici sy Tes*inc

procadure used is based on the paper published by Ames
al.® and is performed as foilows:

The
at

{1) Nonaczivation Assay

To & Starile 13 x 100 mm tast tute placed in a 43°C wa:
bath the foilewing is adced in crder:

(2) 2.0C =1 ¢* C.5% acar cantaining 5.25 mM nistid
and C.55 mM sigzin.

n of

(5} 0.25 =11 of 2 solution 14
2 dose.

give approxima

- . s b -
he tast chemical =2

o]
<

{e) 0.1 ml - 0.2 ml of indicatar orcanism/s.
{d) 0.30 =1 of C.01H Arcsghzte Suffer, oK 7.1,

This mixzure
agar 2iatas.

d then gourec in=: min

{ tar the %50 zcar kas se
the olatas ar 3 Tor approximately 2 da
The number of his+ revertant colonies growing in the o]
is counted and recorded.

(2} Activation Assayv

The activaticn 2553y is run csncurrently with ke nonac
ticn 3ssav. The cniy giFarencs is the zéditicn 0F 3.5
07 32 =ix {see 33:2, igtiva=ian SYSTETm! I the tustes ‘n
pizce af 3.3 71 o Snosgheta Sutfer wnich 9s z2csq in
noractivation iassays. A1l other gata‘ls are similar *2
the procadure For ngnactivation assays.

1-12
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A cetailed Flow diagram For the slatz incorzorztion assay
is provided in Figure 1.
c. Sontrel Comcouncs
A negative <antrai consisting of tre salvent ussc far the case
matsrial is cervormed in 311 casas. For negztive zantrals,
stao '2' of Monactivation Assays is ranizces 2y 0.25 ml of *ne
sclvent. The negative csntrols are ampicyed or azch incicazsr
strain and {s performed in the absancs and oresanca oF ST mix.
The solvent usad 3 precare %he stock soluticn of tre tast
matarial is given in the Results saczicn of this rescrs. Ald
iiuticns cf the tast mazarial mace using thfs ssivent.
Sgecific zesitive zzntrsl comoounds <ncwn <5 rever- 22240 sTrzin
are 2150 usad in ctne 2ssays. The concentrazicns 2re scec fizirtiag
C¥ these comocuncds I sgecific strains ars Siven in tne ‘sligu-
ing tzble.
Coneznzrazicon
cer Plzza Sadimecneila
ASsay chemical Sgivant -y Strains
NenecTivetion Szeium zziae waver i TA-1Z33, TievlZ
Z-fitrcfiucrane QiTezayi- [k
(NE; sulfoxica
Z-zmingacrizine ZIzRane’ :z TA-13I0
{2Aa)
AgTivation Z-anthramine Jirmezhyl- 2.2 Fzro2li strains
CANTH) sulfoxica

D. Toxicity Test

To a sterile 13 x 100 mm test tube placed in a 43°C water bath

the Tollowing is added in order:

(a)
and 0.05 mM biotin.

(b)

approximate dose.

(c)

2.0 m1 of 0.6% agar containing 0.05 mM histidine
0.05 m1 of a solution of the tast chemical to give

0.1-0.2 m1 of indicator cells (approximately 200 calls

from an overnight culture appropriately dilute)

(d)

0.3¢ m1 of 0.01M phosphate buffer, pH 7.4 (for nonactiva
assays) or S9 mix (see 3c:2) (for activation assays)

-

This mixture is swirled gently and then poured over the surface of

nutrient zgar plates. After the
incubated at 37°C for 2 days.
plates is counted and recorded.

I-13

top agar has set, the plates are
The number of colonies growing on the
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PROTOCOL NO. 401

FIGURE 1

REVERSE MUTATION ASSAY
[Agar Incorporation Method]

Molten [43 1o 45°C| overtay agar
appropriately suppiemented

0.05 mi Test article, positive
csntrol or soivent csntrol
0.1 mil t0 0.2 mi Aliguot of an overnight
’ o culture of bacteria
Aliquot of 9.5 m| Y . 9.5 mi S3 mix Jhepatic
buitar — -S89 *S89 e homegenate from
PCS pretreated rat
plus necassary
cotactors|
7

Cverlay poursd on selective
Sottom agar medium

Plates incubated at 37°C for approximately 2 days

Numtber of revertants rer clate counted

7
Cata entersd onto greprinted forms

Interpretation/conctiyusion
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(A3 ]
-
33
-
5
>
-1
-0
o)
=
(8]
A
'
-4
nl
Al
-0
B

2] :e-ucds dre not currently usa<d, znd svzluation is Sasad on
ria inciudad in :his zrscocal.

3

2 sat of selactive agar places saeced wi=n 2couiations of mutant cai
susgencec in 2 samisoiid overlay. 2eczusa the zest matarial ang T
c2liis are incuzatad in the gveriay °aracprcx1ma;e]y 2 days ana 2 r=w cels
divisions cccur during tme incutaticn Jeriod, the zas: is ssmicuantiza-
Tive in nazure. 1.uougn these faaturss of uue =ss=1 reducs the

gquantitation of rﬂsulgg, they pr0v1:a cartzin 2dvantaces not coniained

in a quantitative suspension tas<

7laze tast 223 cansisss of direcs raver+ant coTcr/ counts attained f*c

. Tae small number 3f 2211 divisions cermits zostsntial
mutagens 2 2¢T ¢n renlicatien IMA, wnich s ofisn =crs
sensitive than nonreplicating 2MA.

. The csmpined irc"be“cn c¥ the tast articia anc the c2i’s
in the cverlaj sermits cInstant sxtosure o7 the Sngicasar
cells f2r Jpproximately 2 cays.

A. Surviving Pesulatizns
Plata tast grocecures 20 not sermit sxact cuantiszizizn o tna numter
27 cells surviving chemical treazmens. A 'gw sancancrazicns =F piet )
tesT matariad, the surviving scculesicn on tme tra2z-men: slatas is
assentialiys n2 same 2s That on she nggative onirsl zizta. AT adgn
sincentraticns, tne surviving scoulzzicn s USugiiy recucsc 2y som2
“raciicn.  Cur zrotsesi wiil nermally erdioy saveral Isses ~anging
SVer Two Cr frae isg concantrations, tne Aignest Y taese sosas
ceing salagzaz T2 show siight toxicity as catarmines Sy osublsztive
Iriteria.
3. Ccss-Reszensa Srencmana
The damonstrztion of cose-relazae incvezsas ‘n Tutin: IZuns ‘s an
imgerzant crizerion in astadiisning muzagenicizy., A Fficuor zha:z
Tignt medify Zosa-resscnse resulis Sor e TUTIZEN wCull e tne sszlsce
<icn of 2dcsas ma:t are 20 low {usvaily Tutagenicisy zng soxigicy
are relatzg,. [7 the highest ccsa is Far lower <man 2 *axic saq-
centratlicn, no increasas may Se ciserves sver the dosa ranca s&actas.
Conversely, i the lowes: cosa ampioves is higniy ¢ytatoxic, the sass
matarial may <717 any TuTants that ars incucsd, AnC ie s2st —asaria]
#1317 70T 2zce2r 4z te mutacenic.

SIONETICS

won
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. Contral Tes=s

Positive and negative cantrol assays will e csnductag with sach
xcer1ment and wiil consist of direct-ace ing tuytacens for nonactiva-
‘on assays and mutagens tnat rezuire me col1c Siotransforraticn

in activation assays. Jeﬂa"ve contrels wiil c~nsxss oF tne zast

matariai salvent in the aver lay agar tagether with she zctaer

assential <omognents. The necative central 2laca f:. 22¢h str3in
will give a refsrenca soint ua which the '=s. dat3 will se camoarsd.
The gositive cantrel assay will Le conductad to demenstrara thaz
tle tast systams ars ‘unc:1cna] with known mutagens.

g. zvalyazion Critaria for ~mes Assav

3ecausa the orocsdures ra Se usad s avaluate the 1u:a:eni:i:y af
Ine tast matarial are samiguantitative, the crizarig =2 se 834 <2
Catarmine fositive a¥facts ire innerent ly sudjective ang zire nazad

arimar{ly on a Aistoricai data Sasa. Mcst zz:z sats will sea

evaiuyatad ysing the Following crizars ia.

(1) Strains TA-1333, TA-1337
¥ che so?ven centrsi value is wishin the nerma’ rznge, 3 astT
matarial tha:z =sraducss 3 SCsitive 2cse ~eszgnss zvar snrze can-

e
Tes ths

cantrations with the w::*es intrease 2cual iz Inres T ths
scivent cantral vaiue will ze cinsicarsc 3 Se mutzgenic

{2} Sirains TA-28 and T2-i7C

o7 the sclivent contesi value is wi<nin Ife ngrmal ranga, 2 tast
matartal tnat orccucss 2 scsitive dosa ra cQnsa Iver thrse
cSncznIraticns with sne highest increase scyai 22 —wica e
sSivent zznirs) value Tor TA-38 anc TA-1CC will e zgasicares
IS Ze tutaganic.

3} Pattzrn

Seczuse TA-1335 and TA-100 are mota serived Swam tne sanm
sarental strain {3-1§) anc deczuse TA-}:33 iné TA-33 ar_ ¢
serivea from tre same sarental strain {23052, %2 scme sx=-znt
there is 2 cuii:-fn 2aunéangy in e Mizrogia’ assay. n
generzl, the Swo sTra s ¢t 3 sat resscne £ 48 szme Tutagen
and such 2 zzttarn i3 scugnt. Generaily, 7 3 sirain resionds
=2 2 qwtagen in ncnactivatian tasss, s 4il] =C 50 in 3¢tivz-
ion tasts.

S - ’ 2ICNETICS
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(2)  Reprocucibilisy

(¥ 2 tast matarial oroscuces : resocnse in g single 2357 <hzc
cannot be raorocucad in adéiticnai runs, the initizl cosizive
tast catz lese significanca.

ine 3recading ¢ritariz are not absciuts, and otner sx:t2nuacin
Tay entar ints a final evaluazion decision. Howaver, thesa ¢
will te apoiied =3 <he majority of sizuaticns and ara orasant
to 2id these individuals not familiar wizh this arscadurs. A
dat3 base is increasad, the critariz far evaluaticn can ze ¢
firmly establisked.

t. 3eiztion hemvean Mu+icenicity 2nd Carcinceenicicy

1% Tust Se emphasizad that twe ~mes Saimenella/Mizrosame STats 2s3ay
is not 2 cefinitive tast for chemical carcinczens. [t is resesgnizac,
nowever, that csrralative 2nd func=ional relzTicns nave sean damon-
Strataq Cetween these two andooints. The results of comoarziive
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PREFACE

This report contains a summary of the data compiled during the
evaluation of the test compound. The report is organized to present
the results in a concise and easily interpretable manner. The

first part contains {tems [-IX. Items I-IV provide sponsor and
compound identification information, type of assay, and the protocol
reference number. All protocol references indicate a standard pro-
cedure described in the Litton Bionetics, Inc. “Screening Program
for the Identification of Potential Mutagens and Carcinogens.” Item v
provides the initiation and completion dates for the study, and

Item VI provides identification of supervisory personnel. Item VII
identifies the tables and figures containing the data used by the
study director in interpreting the test results. The interpretation

itself is in Item VIII. Item IX provides the conclusion and evalua-
tion.

The second part of the report, entitled PROTOCOL, describes the
materials and procedures employed in conducting the assay. This part
of the report also contains evaluation criteria ysad Sy the study
director, and any appendices. The evaluation criteria are included

to acquaint the sponsor with the methods used to develop and analyze
the test results.

A1l test and control results presented in this report are supported
by fully documented raw data which are permanently maintained in
the files of the Oepartment of Genetics and Cell Biology or in the
archives of Litton Bionetics, Inc., 5516 Nicholson Lane, Kensington
Maryland, 20795.

Copies of raw data will pe supplied to the sponsor upon request.

BIONETICS
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I. SPONSOR:  ACUREX CORPORATION

I1. MATERIAL (TEST COMPOUND): LBI ASSAY NUMBER 3986
A. ldentification: 0i1 Fired Gas Turbine No. 1, SASS Train XAD-2 Extract
B. Date Received: February 23, 1979
C. Physical Description: Light yellow solution in DMSO

II1. TYPE OF ASSAY: y1-38 Human Cell Cytotoxictty Assay
IV. PROTOCOL NUMBER: Special Protocol
V. STUDY DATES:
A. Initiation: May 29, 1979

B. Completion: June 5, 1979
VI. SUPERVISORY PERSONNEL:

A. Study Director. Brian C. Myhr, Ph.D.
B. Laboratory Supervisor: Robert Young
VII. RESULTS:

The data are presented in Table 1 on page 3 and in Figures 1 and 2
on pages 4 and 5.

VIII. INTERPRETATION OF RESULTS:

The methylene chloride extract of the test sample on XAD-2 resin,
after solvent exchange into DMSO, appeared to remain soluble in the
culture medium at the highest assayed concentration of 20 p1/ml.
Higher concentrations could not be tested because of the introduction
of greater than 2% organic solvent by volume. As shown in Table 1,
1% DMSO reduced the viability index, total protein, and total ATP to
about 70-80% of the untreated negative control; 2% DMSO reduced
these parameters even further to about 40-65%. The corresponding
concentrations of solvent exchanged DMSO were somewhat less toxic

to these assay parameters, showing that residual methylene chloride
does not contribute to the solvent toxicity. Because of the solvent
toxicity, the effect of the test material was measured relative to the
assay parameters obtained for the appropriate solvent exchanged DMSO
negative control.

S BIONETICS
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VIII. INTERPRETATION OF RESULTS (continued):

The most responsive assay parameter appeared to be the viability
index, although the protein and ATP contents started to decrease
similarly at the highest dose of 20 ul/ml. The percent viability
and ATP per 10% celis parameters gave no indication of any
toxicity. A 50% reduction was not achieved for any assay
parameter, but the curve for the viability index (Figure 1)
indicated that an EC50 would occur near 35 ul/ml. In terms of
the volume of exhaust gas represented by the DMSO test solution
(4346.5 L gas/m1), this EC50 corresponds to 152.1 L gas/ml.
Therefore, on the basis of the viability index and expectations
for the ATP and Protein parameters, the test material appears to
yield EC50 values in the low toxicity region (100 L/ml to

1000 L/m1).

IX. CONCLUSIONS:

The test material, SASS train XAD-2 Extract, 0i1 Fired Gas
Turbine No. 1, is evaluated as having low toxicity to WI-38
human cells. The viability index indicated an EC50 value
would be obtained near 152 L gas/ml1, and the ATP and protein
contents were decreasing in the same toxicity range.

Submitted by:
Study Diractor

Section Chief
Mammalian Genetics
Department of Genetics
and Cell Biology

Reviewed by:

Department.of Genetics
BIONETICS and Cell Biology
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FIGURE 1
EC50 DETERMINATION FOR

PERCENT VIABILITY (O) AND VIABILITY INDEX (9)

OIL FIRED GAS TURBINE NO. 1
SASS TRAIN XAD-2 EXTRACT

120
1 —} b= —}—
! [
T R 1
L -
, i
100 |-
ﬁ—— :
- i L
G —
1 L
. i L - ——;—-—.-»—r—-—q?_.f_._
- Y g — e ———
- i
60 - .
S : : I
: T ¥ +
1 H T T H
; ] : 4
F—— 1 : -
10—
— " n —— ]
. 1
L . i fl
L — 1 i T T -
T s
+ 1 i ™ - ——
20 . —— -+ — ——
I 1 - T
; : T N
1 . . g —
1 ) 2 — -
0 1 I f—+—4 i Pt §—
0.1 1 10

CONCENTRATION, ul1/ml

1-24



PERCENT OF NUGATIVE CONTROL (%)

129

120

[e2]
o

[+
(=]

4
o
T

20

FIGURE 2

ECSO DETERMINATION FOR
PROTEIN (8), ATP (0), and ATP/106 CELLS (a)
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ASSAY PROTOCOL

1.  0BJECTIVE

The objective of this assay is to determine the concentrations of
test material that reduces by 50% the number of viable cells, the
cellular protein, and the ATP content after a 20 hour exposure.
These concentrations are referred to as the EC50 values for

each measured parameter.

2. MATERIALS
A. Indicator Cells

The indicator cells used for this study were WI-38 human
embryonic lung fibroblasts obtained from Flow Laboratories, Inc.,
Rockville, Maryland. The cells were supplied as confluent mono-
layers at passage numbers 23 or 24 in Eagle's Minimum Essential
Medium. This test system is specified by the Environmenta] Pro-
tection Agency's Level 1 Environmental Assessment Program.!

B. Medium and Cell Maintenance

The cells were maintained and treated in Basal Medium Eagle
(BME) supplemented with 10% fetal bovine serum, 2mM L-glutamine,
100 units/ml penicillin, 100 ug/ml streptomycin, and 1.0 ug/ml
amphotericin B (Fungizone). Subcultures were prepared twice
weekly at a 1:2 split ratio using 0.25% trypsin. Cultures were
discarded after the 35th subculture (passage).

C. Negative Controls

Five sets of negative control cultures, each in triplicate,
were carried through the same experimental time period as the
treated cells. One set was an untreated negative control con-
sisting of cultures exposed only to BME culture medium. Two sets
were solvent controls.containing 1% and 2% of the solvent-exchanged
OMSO blank, prepared as described below. In addition, two solvent
control sets containing 1% and 2% pure DMSO were assayed in order to
determine whether residual methylene chloride in the solvent-
exchanged blank was contributing to solvent toxicity. The average
viability, ATP content, and protein content of the solvent-
exchanged negative controls provided the reference points for
determining the effects of different concentrations of the test
material on the assay parameters. The 2% soivent-exchanged control
was the reference for the highest assayed concentration (20 u1/ml)
and the 1% solvent-exchanged control was the reference for the
remaining test concentrations.

F
T BIONETICS
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MATERIALS (Continued)

D. Sample Preparation and Handling

The test material was received as a solution in 1.2 ml
of methylene chloride and was stored at 4°C until solvent
exchanged. The entire sample was exchanged into DMSO by first
adding 2 m1 DMSO and reducing the volume to 2 ml under a
stream of nitrogen in a warm water bath (33°C). Then 0.5 ml
DMSO was added and the solution evaporated again to 2 ml.
This last process was repeated once more, leaving the sample
in a final volume of 2.0 ml. This sample was stored at 4oC
until use in the cytotoxicity assay. Since the original test
sample represented 307 ft3 of exhaust gas, the solvent exchanged
sample corresponded to 153.5 ft3 gas/m] or 4346.5 L gas/ml.

A solvent exchanged DMSO blank was also prepared by the
above procedure, starting with 1.2 ml methylene chloride (same
volume as the original test material).

EXPERIMENTAL DESIGN

Litton

A. Dose Selection

The solvent exchanged sample was tested from 20 u1/ml
to 0.5 ul/ml in five dose steps. The 20 ul/ml treatment was
the maximum dose because of the introduction of 2% DMSO in
the growth medium. A1l other concentrations were obtained by
1:100 dilutions of the test sample and dilutions thereof (using
DMSO) into the growth medium to give a 1% final concentration
of solvent.

B. Culture Preparation

Stock cultures were subcultured into 100-mm plastic culture
dishes 24 to 72 hours prior to use. This procedure provides a
population of actively growing, sub-confluent cells to initiate
the assay.

The cells were then suspended in BME culture medium by
treatment with 0.25% trypsin for 3-5 minutes and the cell number
determined by hemocytometer. A series of 25-cm2 culture flasks
were seeded with 20 x 10* cells and 4 m] culture medium per flask.
The cultures were incubated overnight at 37°C in a humidified
atmosphere containing 5% C02 to allow attachment of the cells and
resumption of growth.

BIONETICS
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3. EXPERIMENTAL DESIGN (Continued)

C. Treatment

The medium was aspirated from the cultures and 4 ml of BME
culture medium containing the test sample was applied. Three
cultures were exposed to each test concentration and solvent
exchanged DMSO blank. The flasks were then placed on a rocker
platform in a 379C incubator with a humidified atmosphere contain-
ing 5% €CO2. The flasks were slowly rocked for a 20 hour exposure
period. Any color changes in the culture medium caused by the
test material were noted and the PH determined in additional
treated flasks.

D. Cell Viability Assay

At the end of the treatment period, the medium containing
unattached cells was decanted into a centrifuge tube on ice.
The cell monolayer was washed with 1 ml 0.05% trypsin/versene
and this wash combined with the decanted media. The attached
cells were then removed with 2 m] of 0.25% trypsin at 37°C and
the suspended cells combined with the decantate. The cells from
each flask were thereby resuspended in 7 ml volumes for subsequent
analysis.

A 1.0 m1 aliquot was removed for cell count and viability
determination. The aliquot was combined with 0.2 m1 or 0.5 ml
of 0.4% trypan blue and counted by hemocytometer about 5 to 15
minutes Jater. Between 60 and 154 cells were counted per flask
and the number of live (colorless) and dead (blue) cells were
recorded.

E.  ATP Assay

ATP was immediately analyzed by extraction of a 0.1 ml cell
suspension sample with 0.9 ml of 90% DMSO. After 2 minutes at
room temperature, 5.0 ml cold MOPS buffer (0.01 M morpholinopro-
pane sulfonic acid) at pH 7.4 was added and the extract was
vortexed and placed on ice. Aliquots of 10 ul were injected into
a cuvette containing a luciferin-luciferase reaction mixture in a
DuPont Model 760 Luminescence Biometer. The Biometer was cali-
brated with standard ATP solutions to provide a direct read-out
of the ATP content. Each test sample was assayed three times to
demonstrate consistent readings.

F.  Lowry Protein Assay?

A 3.0 ml aliquot of the cell suspension was taken for protein
analysis by the Lowry method. The aliquot was centrifuged at 365 x g
for 10 minutes, the medium decanted, and the cell pellet resuspended
in 3 ml PBS. After two additiona] centrifugation washes with P8S,
the pellet was resuspended in 1.5 m1 of PBS and frozen at -20°C or
analyzed immediately. A 1.0 m] aliquot was used for the Lowry assay.

BIONETICS !
Litton g
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3. EXPERIMENTAL DESIGN (Continued)

At the end of the color development period, the tubes were centri-
fuged to remove any particulate test material prior to making
absorbance readings at 750 nm. Lowry protein standard curves

were constructed with bovine serum albumin for each assay.

4,  REFERENCES
1IERL-RTP Procedures Manual: Level I. EPA-600/7-77-043, April 1977.

2Lowry, 0.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J.:
Protein Measurement with Folin Phenol Reagent. J.Bio.Chem.,
193:265-275, 1951.
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ASSAY ACCEPTANCE CRITERIA

The assay will be considered acceptable for evaluation of the test
results if the following criteria are met:

1. The passage level of the cells (number of subcultures) prior to
use in the assay does not exceed 35.

2. The percent viability of the WI-38 cells used to initiate the
assay is 95% or greater.

3. At least 1.5 x 105 cells are seeded per flask. The untreated
negative control cultures must increase in cell number by at
Jeast 2-fold over the 20 hour treatment period.

4. A sufficient number of data points (for five test concentrations
or less) are available to clearly locate the EC50 of the most
sensitive test parameter within a toxicity region as defined under
Evaluation Criteria.

5. The data points critical to the location of the EC5Q for the
most sensitive parameter are the averages of at least two treated
cultures.

6. f all the test parameters yield EC50 values greater than 1000
ug/ml or 600 ul/ml, the plotted curves for any parameter will not
exceed 120% of the negative control.

BIONETICS
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ASSAY EVALUATION CRITERIA

The EC50 value represents the concentration of test material that
reduces an assay parameter to 50% of the negative control value.
EC50 values are determined graphically by fitting a curve by eye
through the data points associated with each test parameter plotted
as a function of the logarithm of the applied concentration. Each
point normally represents the average of three culture flasks for
each treatment. Statistical analysis is unnecessary in most cases
for evaluation.

The evaluation of the test material is based upon determinations of
the EC50 values for five parameters: percent viability (ratio of
viable cells to total cells x 100% for each treatment), viability index
(ratio of viable cells for each treatment to viable cells in the nega-
tive control x 100%), cellular protein, total ATP content, and ATP

per 106 cells. Except for the ATP content, these parameters are
specified in the EPA Procedures Manual.l The ATP content will gener-
ally be a more sensitive parameter than ATP per 106 cells because any
cell loss due to treatment will increase the latter parameter. ATP
released into the growth medium by disrupted cells contributes to the
ATP measurement.

The toxicity of the test material is evaluated as high, moderate, low
or nondetectable according to the ranges of ECS50 values defined in the
following table. The actual concentration of extract at the EC50 is
converted to the equivalent volume of exhaust gas per milliliter of
culture medium prior to the evaluation. The assay parameter yielding
the Towest EC50 will classify the test material.

Toxicity* EC50 Values

High EC50 < 10 L gas/m1

Moderate EC50 range of 10-100 L gas/ml
Low EC50 range of 100-1000 L gas/ml
Nondetectable ‘ ECS0 > 1000 L gas/m1

*Formulated by Litton Bionetics, Inc., under contract to the
Environmental Protection Agency, Contract No. 68-02-2681.
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