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I, INTRODUCTICN

The National Imstitute for Dccupational Safety and Health (NIOSH} is the
primary Federal agency engaged in occupational safety and health research,
Located in the Department of Health and Human Services (formerly DHEW), it was
established by the Ovcupational Safety and Health Act of 1970. This
legiaslation mandated NIOSH to conduct a mumber of research and education
programs separate from the standard setting and enforcement functions carriled
out by the Occupational Safaty and Health Adwinistration (OSHA) in the
Department of Labor, An important area of NIOSH research deals with methods
for controlling occupational exposure to potential chemical and physical
hazards. The Engineering Control Technology Branch (ECIB) of the Division of
Physical Sciences and Engineering has been giver the lead within NIOSH te
study the engineering aspects of health hazard preventicon and contrel.

Since 1976, ECTB has conducted a number of assessments of health hazard
control technelogy on the basis of industry, common industrial process, or
specifie contrel techniques. Examples of these completed studies include;
abrasive blasting,l the plastics and resins industrj{,2 foundry

operatians,3 apray painting and coar;ing,4 and coke oven emissions.” The
objertive of each of these studies has been to document and evaluate effective
control technigques for potential heaslth hazards in the industry or process of
interest, and to ¢reate a more gensral awarenessa of the need for or
availability of an effective system of hazard control measures.

These studies involve z number of steps or phases, Initially, a series of
walk~through surveys is conducted to select planta ar processes with effective
and potentlaslly transferable control concepts or techniques., Next, in-depth
purveys are conducted to determine both the control parameters and the
effectiveness of these controls. The reports from these in-depth surveys are
then uged as a basle for preparing technical reportis and journal articles an
effective hazard control measures. Ultimately, the informatrion from these
research activities builds the data base of publicly available information on
hazard control techniquea for use by health professionals who are responsible
for preventing occupational illmeszs and injury.

BACKGROUND FOR THIS STUDY

NICSH's research responsibility extends to both existing and emerging
technologies which may affect worker health and safety. The attempt to
examine new technologies for potential occupaticnal hazarde specifically
focuses on those techmologies which have high growth potentials or for which
exposures to particular agents have not been fully characrerized. In past
research activiries, NIOSH has been instrumental in the development of
recommendations for safepuarding the workers health from exposure to
pccupational hazards. Implementation of safepuards and protective engineering
controls early in the growth of an Industry will mlnimlze eccupational health
problems and avold expensive rectrofitting of production systems.

NIOSH 1s currently interested in evaluating the potential hazards and their
contrel for applications of biotechnology and recombinant DNA (rDNA). ECIB's
involvement in thi=s NIOSH evaluation is to assess the control technoleogy being



employed to minimize the petential for occupational health hazards in the
enzyme fermentation industry. The results of this coantrel technology
assessment will be used to dewvelep an informational database that could be
axtrapoclated to other fermentation product technologles. Previous NIQSH
research into blotechnology includes s study of six companies employlng YDNA
techoniques in their research activities or their process operations., This
earlier study, conducted by the Division of Surveillance, Hazard Evaluaticn
and Field Studies, was published in a NICSH report and a journal article.ani

The BECTB study focused on conventional enzyme fermentablon process
oparations. Several factors contributed to the final decision to focus this
research project. Firat, the products manufactursd in the overall
fermentation induskry, slthough dissimilar eontities, are produced with a
somewhat standardized process technology. Product recovery operatlons may
vary with the product properties, source miercorganiams, and base solvents
used, but the basic fermentation technology remalns essentially the zame.
Second, the diversity of the fermentation industry would require different
environmental air gampling and analytical methodologies for each product and
source micreorganise studied. UWarzowing the field of lavestigation gatisfied
the need to limit the "products" studied in order te minimize sampling and
analyrical methods development requirements. Third, there was a good
probability of finding well controlled proceases 1n the enzyme industry.
Last, there existed limited resources {including manpower and finances} with
which to conduct this study and time constraints on its completion. Initial
studies of various enzyme production plants identifled several well contrelled
procegses. Additional studies may evaluate ather areas of the farmentstion
industry including antiblotic, hormone, and sterold produection.

This conrrol technology assessment of enzgyme fermentation processes attempted
to identify effective controls applicable te procesges involving
microorganisms, processing chemicals, and biologically active products or
intermediates. The documentation of effective controls and recomnmendatlons Lo
minimize exposure io the enzyme fermentation industry are among the primary
oblectives of this assessment. Recognizing that the enzyme industry only
represents a small segment of the blotechnology industry, the collected data
and suyhsequent evaluvation will help to establish a baseline cof information on
the equipment (and related safety and health programs and pracrices) currently
used in enzyme fermentation operations. This baseline of information will be
available for transfer to other fermentation technologies, either those
involved with rDN4A technology or those utilizing conventional technology.

BACKGROUND FOR THIS SURVEY

Selection of plantz for inclusion in this atudy cof enzyme fermentation
processes as lo-depth surveys was based on a4 number of criteris. Tirst, the
plant (ot patent company} should be 8 major manufacturer of industrial enzymes
or have extensive exparience related to fermentation technology. BSecond, the
process operations should be technically current to insure the transferability
of the survey results to other fermentation industries — including those
recombinant DNA companies scaling up operations to commercfal production
capacity. Third, the plants should exhibit an expressed concern for the
safety and health of the workers. This would involve adhevence to any or all



of the aspects of control technology to protect the werker imcluding
engineering controls, personal protective equipment, work pracktices, and
industrial hygiene monitoering.

Glst—Brocades USA, Inc. (GB) met all three of the in-depth survey selection
critaria requitements. GB's parent corporation, Gist—-Brocades, nv, baged in
the Netherlands, 1s 2 major manufacturer of enzymes, yeast, and antibiotic
products. As such, GB has available a broad base of experience, from the
parent company, related to fermentation technology concetaning enzymes, in
addition to yeast and antibiotic production. Although the fermentation
egquipment has remained relatively unchanged since its comstruction in 1937, a
new semi-automatic recovery operation was constructed in 1983, GB 1s
carrently in the process of developing a Health Assurance Committee to oversee
all health related issues that will establish progrsms for occupational health
hazards in the plant,

The in~depth survey of GB was conducted on June 24 — July 3, 1983 o evaluate
the controls and contaioment capabilities of their proteclytic enzyme
manufacturing process. This report documents the information partinent to
that evaluation.

II. PLANT AND PROCESS DESCRIPTION

Flant Descyiption:

Gk, formerly known as OB Fermentation Industries, Inc., is located in
Kingstree, South Carclina, and has produced industrial grade enzymes ar this
plant for the last eight years. The Kingstree fermentation plant was
originally constructed in 1957 by the Wallerstein Company, a wholly-owned
subgldiary of Baxter-Travenol, Inc. The plant was purchased by Glat—-EBrocades,
nv in 1977 — SBaxter-Travenol countinues o operate a large manmufaciuring plant
adjacent to the GB complex. GB 1s headquartered in Charlorte, North Carolina.

GB employs a total of approximately 160 workers at the Kingstree plant
facility. The plant is peparated into six Departments; Personnel,
Engineering, Maintenance, Quality Assurance, Laboratery, and Fermentation and
Recovery. The plant operates continuously usgitig three {3) workshifta weekdays
and two (2) workshifFts on weekends (12 hours each}, 24 hours per day, seven
{7) days per wesk. Enzyme production 1s maintained with five work crews —
two crews are off duty on any given weekday, three on weekends.

Process Deacription:

The process surveyed at GB invelves the production of the Industrial enzyme
protease using a microbial strain of Bacillus subtilis. This Bacillus strain
is a non-pathopgen and believed to be weakened ot debllitated. The manufacture
of the industtrial enzyme is accomplished in three process steps; laboratery,
fermentation, and recovery. The laboratory 1s located in a separate huilding
(with officen} away from fhe buillding housing the fermentation and recovery
equipment.

The laboratory process step includes the selection and maintenmance of
microorganism cultures. The selection or screening process for microorganisms



determines each culture to be used for a specific enzyme production operation
based on their tested ability to produce 2 cammercial gquantity of the desired
enzyme. Selected cultures must be {dent{fied and tested for pathogenieity and
their desired inabilitry to co-produce harmful products or toxins. Malntenance
of the selected culture must ensure that this isclated microbial culture is
pure and uncontaminated before being inoculated into the inoculum tanks, This
requires that the culture be regrown at intervals. Single colonies are
selected for regrowth uswally on the basis of culture morpholagy. The
selected culture is grown (from stock cultures and propagated in shaker
flasks), harvested, sub—divided, and stored at the appropriate conditioms to
malntain its viability and purity. Mleroblal cultures are transferred
manually and aseptically inoculated, malntaining putre cultures, into the
inoculum tank for the firer segment of the [ermentation process.

The fermentation process step 1a segmented into twa parts. In the first part,
the seed fermentor containing a sterile nutvient medium is inoculated with the
selected mleroblal eulture prepared 1n the laboratory. The seed fermentor is
designed to promete the growth of the microblal populatien to the level
necessary for proper fermentation in the deep—tank reactor vessel. The batch
mixture is aerated and mechanifcally agitated untill the optimum level of
biomass iz achleved. The final contents of the seed fermentor is aseptically
transferred through a pipe network to the large fermentor (deep—tank reactor
vessel), 1In the second part, whete "fermentatian” edsentially accurs and the
product of interest is biologically synthesized, a submerged, batch
fermenration process is employed using a deep—tank reactor vessel with a
top~mounted mechanical sgltator and a bottom air sparger { alr is sterilized
with a 0,22 um pore size filter), Froper temperature conditions are
maintained with cooling coils inside the reactor vessel, Some ol the Treactor
veasels are cooled with a jacket located on the putside., Prior to
inoculation, the fermentor tank is cleaned with a caustic soluticn and then
sterilized empty with ateam for 45 minutes, The fermentor tank, containing a
pre-sterilized putrient medium, is then inoculated with the biomass broth from
the sced fermentor. Thls new brorh mixture is aerated, mechanically agirated,
and allowed to ferment for continwned blomass growth and final production of
the desired enzyme. The composition of the medlum used In each phase is
carefully controlled to promote maximum growth of the organiem and/or enzyme
production. The nutrlent medium used in the incculum and fermentor tanks is
prepared in mix mash {anks using raw materials which are of a suitable purity,
free of harmful substances. The ingredierts used are tightly controlled to
prevent contamipants that would inhibit microorganism growth or enzyme
production, and produce a finished product which, in the case of 2 food grade
enzyme produck, meets the Food and Drug Administration's speelfication for
enzymes contained in the Food Chemicals Codex (FCC III).

Measurements are performed continucusly during the fermentation ptocess step
to check specific paramerers of the bipmass brorh. These measurements include
control of procegs parameters such a8 temperature, pH, and dissolved oxygen.
Manual samples are also extracted periodically from a sampling port on the
fermentor tank for analysis in the laboratery.

In the recovety process step, the enzyme slurry, from the fermentor tank, 1s
purified, concentrated, and stabilized. Acetone, filter aids, pH adjusters,



stabilizers, etc. are added to the slurry as a pretreatment to processing in
the mash treatment tank. The enzyme slurry is pumped to a plate and frame
filrer press where s major portion of the guspended solids (mycellium and
other golids) are separated from the enzyme liquid. An operator "knocks” the
cake off of the filter cloth when the press is open. The filter cake is
discharged to a dumpster via a bhelt conveyor where 1t will he subsequently
picked up and latetr transported to a landfill. The enzZyme liquid 1s then
pumped to & vacuum evaparator for removal of the acetone., The acetone is
transferred to a recyeling process. Further concentration and purification of
the enzyme will be accomplished utilizing a candle filter, uwltrafdltraior, and
bacterlal filter {plate and frame press). Liquid wastes from these processes
are trested 1n the plant sewapge treatmeni system.

The final process 1s to standardize the activity of the purified protease
enzyme concentrate with propylene glycol, The fimished preduct is pumped into
shipment tanks and sold as bulk liquid.

Potential Hazards:

The potential for exposure to hazards in the occupational environment within
the fermentatlon industry In general 1g a three~fold problem. Exposure may
involve potentially hazardous microorganisms (innate as-well-as penetically
modifisd) toxle processing chemicals, and biologically active products or
intermediates.

Presently, the microorganisms used by the enzyme industry for fermentation
pperations are non=pathogenle in nature. But future involvement with rDNA
technology may produce microorganisme In need of more stringent contaimment
requitements and equally stringent programs in occupational safety and health
due to the increased health risks that they may pose to the exposed worker.

As Iindicated, the microorganism utilized in the process surveyed at GB
(Bacillus subtilis) 1is a non-pathogen. However, increasing attention is being
focused upon the potential for immunclogic responmse, after repeated
inhalation, to a varlety of corganic materilals including microorganisms. There
are curreatly no reports of these effects in the enzyme industry. Cases of
hypersensitivity pneumonitis have been documented in individuals exposged, in
the occupational enviromment, teo fungl, thermophilic actinomyceres, as—well—as
anlmal proteins.

Filter aids, such as dlatomaceocus earth {(amotphous silica), are used in the
concentration and purification processing step. Amorphous silica can affect
the body if 1t {s dinhaled or if it comes in contact with the eyes. Prolonged
lohalation of amorphous silica including uncalcined dlatomaceous earth may
produce x~ray changes in the lungs without disability. Prolonged inhalation
of caleined diatomaceous earth may cause silicosis with scarring of the lungs,
cough, and shertness of breath. The current 0SHA standard for amorphous
silica 1s the quotient of 30 mg!m3 divided by the percent of silica

present. The American Conference of Govermmental Industrial Hyglenists
(ACGIH) recommends a maximum exposure of 1.3 mg/m> of regsplrable amorphous
silica aver an eight hour work shifr.

Aplds and bases are used to adjust pH levels of blomass broth mixtures or
concentrated enzyme llqulds throughout the enzyme production precess; both



will cause burns. Depending on the compound being used and its degree of
hazard potepcial, protective clothing should be worn and the appropriate
control techniques impiemented to prevent potential contact or exposure to
these agents.

Apetone 1s added to rhe enzyme rich broth pricr to the recovery process.
Repeated contact exposure (percutangeous absorpticn) to acetone may produce
dry, scaly, and fissured dermatitis. Inhalation of high concentrations of
acetone vapors may 1lrriltate the conjunctiva and mucouws membranes of the nose
and throat. Systemlc reacticns to high ¢oncentrations include heazdaches,
nausea, lLight headedness, vomiting, dlzziness, incoordination, and
unconsclousness., The current 0SHA standard for acetone is 1000 ppm averaged
over an elght hour workshife,

The enzyme molecule comnslsts of a chain of amino acids arranged in a specific
geometric configuration. This protein structutre, as 1s with the case of many
proteinaceous materials, will cause immunologlc responses in susceptible
perscns due fo the inhalation of these antigene., Repeated inhalation of
enzyme dust may provoke respilratory allergies (hay fever, asthma) or i1llpnesses
{rhinftis) ian individuals who hawve become sengitized to a specific enzyme
protein structure. Sensitization reactions may vaty from mild to severe
dependent upon the particuler individual exposed. Same enzymes, prateolytic
enzZyites as an eXample, have been shown to be primary Irritants of exposad
areas of wmoist skin, eves, and muccus membranes. The majority of documenied
case studles of persons exposed to enzymes has focused upon the immenologic
responses due to the inhalation of or skin irritation due to the contact to
enzymatic dusts, ACGIH recommends a maximum exposure of 0.8 Delft Unirs (DU)
per 3 of alr of subtilisin proteolytic enzyme over an eight hour work

shift, A DU 1is calculated from the amount of protealyric enzyme that is
required to act on a protein substrate in a specified amount of time.

I13. HETHODOLOGY

To effectively evaluate the controls and equlpment In place at GB,
environmental air samples wetre taken at strategle locations believed to
duplicate wotrkplace exposures and indicate emission sources. The major pieces
of egquipment used in this evaluation are listed in Table I. of the Appendix.

MEASUREMENT OF CONTROL PARAMETERS
Viable Sampling

To determine concentrations of alrborne microorganisms around unilt processes,
the Andersen 2-stage vlable sampler was used at a flow rate gf 1 cubic foot
per minute (CFM}. Locatiens for viable samples include the laboratory,
inoculum tank, fermentor tank, fllter press, and in areas outdoors and in the
office bullding — the latter two samples sites were selected to give
approximations of normal background lLevels. Sowme area samples were taken as
side-by-side {two Andersens) samples to monitor variability of the microbial
air samplers. The samples were collected over a five day peried to detect
day-to—day variability, 1f any. Sample times varied from 20 minutes down to



2-1f2 ninutes depending on the sample location. For example, a sampling

time of 20 minutes was used in areas where micreobial concentrations (in the
laboratory) were expected to be low and a Z-lfz minute sampling time was

used in areas of high microblal concentration (around filrering opetations).
Standard Methods Agatr was used as the sampling medla in each stage of the
viable sampler, The 50% effective cutoff diameter for the teop stage of the
Andersen viable sampler is 8.0 um -— larger, non—respirable particles are
collected on the top stage, smaller, respirable particles are collected on the
bottom stage.

Analysis of the viable samples was conducted on—-site by a Center for Disease
Control {CHC) microblologist and a NIOSH hicloglst. The primary goal of the
microbiological analysis was to determine the nmumbers of the production
micreorganism in the air ar different locations in the plant. All air
sampling plates were counted at 24 hours using standard coleny countelrs.
Colonial morphology was compared with that of the production strain of the
gsema age and on the same medium. Whete possible, colonies resembling the
production strain were ipcluded as A separate count. A percentage of these
typical colonies were streaked to Standard Methods Agar (with Manganese) for
isolation and identification. Colonies were identified by gram stain and/or
the Rapid CH kit manufactured by API System, S.A. This identification scheme
consists of 49 blochemical tests read at 24 and 48 hours.® Results were
compared to the Rapid CH profile of the index strain. Each step of the
microbial identification process by itself is not an absolute indicator of the
production strain, However, combining the results of these identification
tests will give the microbiologist the ability to produce rellable conclusions
concerning the production strain.

Sample rasults are in terms of Colony-Forming Units per cubic meter of air
(CFU/m3) with percentages of the production strain, where avaeilable. Sample
concentrations around process operations are compared to control samples to
help ascertain the degree of micreoorganism release from manufaccuring
processes,

Enzyme Sampling

Environmental monitoring of the airborne enzyme concentrations were conducted
using General Metalworks high-volume samplera and high efficiency
(pre~weighed) 8" by 10" glass fiber filters at a flow rate of approximately 40
CFM., The samplers were strategically positioned at fixed locatioms in the
plant best suited to estimate exposure conditions and isolate points of enzyme
aerosol release. Locations for the high-volume samplers include the
fermentor, ultrafilter, candle filter, blending tank, and one ocutdoor
background loration. BSamples were collected for eight hour workshifte over &
four day period. Analysis of the enzyme samples was canducted cn—-site by a
NIDSH chemilst.

The 8" x 10" glass fiber filters were weighed before sampling on a Mettler AE
163 balance, The instrumental precision for one sitting is 0.0l mg. After

sampling, the filters were equilibrated in the laboratory environment (ecooled
and dehumidified) and reweighed on the same balance. The difference in filter
weights were recorded as total weilght per filter, After gravimetric analysis,



cach filter was agitated with a sonic bath In 130 ml of sodium
tripolyphosphate/Brig 35 solution to elute the proteolyric enzyme from the
filter. The remaining liquid was passed through a G.45 um PTFE filter.

Samples and standards fn duplicate were reacted with the substrate and
incubated under stringent temperature, , and time controls as described in
the GB protease enzyme activity method,? Sctandards were prepared from a GB
manufactured protease of a known Delft Unit (DU} per gram, After an
incubation period, the reaction was stopped, excess prorein precipitaced, and
the absorbance of the supernatant measured on a spectrophotometer at a wave
length of 275 nm. A calibration curve was prepared dally for each set of
sanples using a polynomial regression program cn all of the calculaticns. The
lower limit of detection and the lower limit of guantitation were determiped
from plots of the media blanks and the three lowest standards on one curve.
The lower limit of detection is defined as the amount of matetrlal that can be
distinguished from the blanks —— determined to ba 50 DU per filter., The lower
limit of quantitation is defined as the concentration that has a precision
greater than 10% and 1s routinely three times the iimic of detection or 150 DU
per filter.

Total Dust Sampling

Total dust samples wers collected on 37 mm, 5 um pore size PVC filters at an
approximate flow vate 2.5 liters per ninute (lpm) with Dupont 2500 pumps
gccording to the NIOSH method No. 0500,10 Samples were collected for elght
hour workshifts over a four day period. The pumps were calibrated prier to
the field survey. Sawmple locations included material dump stations, most
areas where viable and/or enzyme samples were located, and those areas
believed to approximate background dust levels for the plaantk.

The PVC filters were pre-weighed in the GB laboratory (on a Mettler AE 163
balance} and re-weighed under the same conditions after sampling. The
difference between the inirlal welght and the weight after sampling is given
ag total welght per filter.

Acetone Sampling

Acetane samples were collected according to NIOSH method 1300,10 Samples
wexe collected with Dupont P-200 pumps at a flow rate of 50 milliliters per
minute {ml/m) through standard 150 milligram charceal tubes. The pumps wete
calibrated prior to the field survey. After sampling, the charcosl tubes were
degorbed for 30 minutes in 1.0 milliliter of carbon digulfide containing 1
microvliter/milliliter of hexane an an internal standard. A Hewlett~Packard
gas chromatograph (model 5711A) equipped with a flame ionization detector was
used for sample analysis. The Column was a 12' x 1/8" stalnless steel, 10%
TCEP on 8C/100 Chromosorb P (AW)}. Oven conditions were set at 80°C,
isothermal. Sample locations were forused around the filter press, for one
hour Intervals during times when the fllter press was lonoperatlon and alrborne
levels would be expected to be at thelr highest. Samples were also collected
at other lecations within the recovery area {eg. acetone recovery).



IV. RESULTS

The resultg of the viable alr sampling analysis is reported in the appendix in
Table II and summarized in Table IIT. Background samples located outside were
grouped into a aingle classification, Thils clagsificatlon of putside
background level was based on the assumption that uncontrollable envirommental
factors {eg. climatic conditions, survounding traffic, ete.) had the ounly
eignificant effect upon sample location varlability. Effeets an outside
background samples due to plant unit processes, 1f any, were assumed to be
uniform from sample location to sample locstion. The results were also
assumed to be log normally distributed. The geometric mean of the outside
background samples was 123.2 CFU/m? with a standard deviation of 7.7.

Viable samples c&llect&d arcund selected unit prncesses rengad from geometric
averages of 4.4 CFU/m3 (clean room) to 10599.4 CFU/m? (open filter

press). The highest mieroblal levels opceurred around the filrer press,
dumpater, sample port (in use), and the agitator shafts. These levels were
all significantly diffevent from the outside background concentration. Viable
samples were not collected around certaln areas of the recovery process (mash
treatment tank} due to the explosive nature of the acetone and the
non~{ntrisically safe label on the sampling pumps. All samples were blank
corrected.

Besults of the samples collected with the high=-volume alr sampler are repotrted
in Table IV. Average enzyme levels ranged from 0.317 DU/m® at the candle
filter to 0.43 DU/m- at the ultrafilter and the blending tank., There

appears to be 0o statistically significant differences between sampling
locatione. All samples were blank corrected.

Acetone gample reswlts (from the filter press and the mash treatment tank) are
reported in Table V. The average concentratlioe of all samples was less than
3.6 mg/m3. All samples are blank corrected.

Total dust sample results {(fron samples collected with the 37 um pore size PVC
filters) are reported in Teble VL. Avera%e concentrations ranged from 0,02
mg/m3 in the incubation room to 1.21 mg/m? at the dump station in the

recovery area, Coacentrations were comparable with che total dust results
from the high-volume samplers. All samples are blank corrected.

V. CONTROL EVALUATION
PRINCIPLES OQF CONTROL

Occupational exposurss can be contrelled by the application of a number nf
well-known princlples, including engineering measures, work practices,
petsonal protection, and monitorimg. Thase principles may he applied at or
near the hazard source, te the general workplace environment, or at the point
of occupational exposure to Individuals. Controls applied at the source of
the hazard, including enginecering measures {material substitution, process/
equipment modification, isolatlion or automation, local ventllation) and work
practices, are generally the preferred and mwost effective means of comtrol
both in terms of occupational and envirponmental concerns. GControls which may



be applied to hazards that have escaped into the workplace environmment include
dilution ventilarion, dust suppression, and housekeeping. Control measures
may also be applied near individual workers, including the use of remote
control rooms, lsclatlon booths, supplied-ailr cabs, work practices, and
personal protective equipment. In the fermentation industry, a debilitared
production strain can also be an effective means of reducing the microbial
level around unit process operations.

In general, a system comprised of the above control measures is required to
provide worketr protection under normal operating conditions as well as under
conditions of process upset, failure, and/or maintenance. Process and
workplace monitoring devices, persomal exposure monitoring, and medical
monitoring are important mechanlsms for providing feedback concerning
effectiveness of the controls in use. Onpoing mopitoring and maintenance of
centrols to insure proper use and operating conditions, and the education and
commiftment of both workers and management to occupational beaglth are also
important Ingredients of a complete, effective, and durable control sygtem.
These principles of control apply to all situvations, but their optimum
application variles from case to case,

ENGINEERING CONTROLS

GB's enzyme production process 1s a predominately closed system (with few
exceptions) once the process has graduated from the laboratory to the
fermentation and recovery process steps, The process equipment 1s designed to
keep microblal contaminants in the amblent enviropment from getting into the
production culture. All growth and holding tanks are rlosed during process
operations. The culture broth is transferred between separate unit cperations
in the fermentatiom process step by a steam sterilizable pipe network.,
Employee contact with the production process, once the raw materials have been
added ro the mix mash tanks, is minimal other than for equipment maintenance
or manual broth sample extracticn.

Laboratory Process Step!

There are emlssion sources of the production microorganism, Bacillus subrilis
(BS), during the laboratory process atep but these sources are at very low
levels due to the small guantiey of the microorganism being used. Emissions
in the main laberatoery room were only ppsgsible during bilochemical analysils of
broth samples from the seed and fermentor tanks. General work practices af
the lab workers constituted the areatest determinant of exposure to viable
emlssions, For example, mechanical devices were used for pilpetting wet
gplutions and microbial cultures but oral pipetting was also observed during
the micrebial tranafer process in the clean room. The laboratory air quality
was centrolled with the building ventilation {(heating and cooling) svstem.
Two fume hoods were accessible, and adjacent to one ancther, in the wet
chemistry area of the main laboratory for chemistry work. ﬁiable samples in
the main laboratery room indicated a microblal level of 147.3 CFU/m3 with a
standard deviation of 1.1. The percentage of counted coclonies identified as
the production strain was an average of 34.

Quality contrel analysis was conducted in a separate laboratory {(MLT
laboratory) and building (east building) from the main laboratory. The
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geometric average of the microbial level in the MLT laboratory was 159.1
CFU/m3 with a geometrie standard deviation of 1.6 {an average of 337 of the
counted colonles were determined to be the production strain). The survey
microblolegic analytical team conducted their microblal zpnalysls in this room
and may have gffected levels.

Possible emlssions sites were also observed in the clean room —- during
transfer of the BS cultures from vial to test tube, test tube to Flask, and
flask to fnoculating devices. The clean room contalins a horizontal laminar
flow hood which purifies recirculated air with a High Efficiency Particulate
Alr (HEPA) filter. The hood is designed to pass purified air over the work
zone, towards the lab techniciap, to protect the micrebial cultures. As a
consequence of the airflow directed away from the hood, possible microbial
emisgions are Introduced into the techniclans breathing zone. However, the
large volume of air recirculated by the hood effectively raeduces the
concentration of any microbial emissions by diluting the air. The geometric
average of the microbial level In the clean room was 4.4 CFU}m with a
geopetric standard deviation of 5.1, The percentage of counted colonies
identified as the producticn strain was an average of 76.

Flagks inoculated with the BS culture ara transferred to an incubation room
adjacent to the clean room. The Incubation room 13 kept at a constant
temperature and humidity for proper propagation of the microbial culture. The
flasks (sealed with a cotton gauze stopper) are agitated on a shsker assembly
for a required amount of time. The geometric averagze of the microbial level
in the fncubation room was 346.4 CFU}m with a geometric stamdard deviation

of 29.2. The percentage of counted colonles identified as the production
strain was an average of 30,

The microbial culture 1s manvally moved from the laboratory to the seed tank
in a sterile, stalnless steel inoculating device which serves as containment
device during the transfer., The inoculating device is then connected to a
steam sealed lipe on the seed tapk and the mieroblal culture is released info
the seed tank. The inoculating device is returned to the laberatory and
autoclaved.

Fermentation Process Step:

Minor potential for release of aerosclized viables and/ox enzymes exlets at
certaln sites around the seed and fermentor tanks. These sites include the
broth sampling portas, aglitator shafts, and serubber for the tank exhaust
gases, Broth sampling at the seed and fermentor tanks was an {ntermittent
operation. The sample port valve {8 closed and comtinuously steam sealed when
not in use to prevent contamination of the ¢ulture broth. The steam seal alsco
appeared to be effective in preventing the escape of viables from the =zample
port. During sampling, the steam seal is turned off and a shake flask and/or
beaker is filled with breth., After sampling che valve i3 shut off, the steam
is increased to cleatr the valve of remaining contaminants. The steam release
ohserved was a completely opened valve which aarosolized any microoganisms
remaining in the valve. This resulted in a visible brown haze released fromw
the sample port. Proper company procedure is to open the steam valve only
enough to gently wash any remaining microorganisms into a cateh basin. No
engineering controls or pratective equipment was used during sampling; a
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concrete curb surrounds the area below the fermentor tank to help contain
gpillls. The sampling procedure was the same for the seed tank and the
fermentor tank. The geometric average of the microbial 1eve1 around the
gampling port during manual broth sampling was 1668.3 CFU/m3 with =
geometric atandard deviation of 1.6 apnd the percentage g9f the colonles
identified as the production strain was an average of 77, The geometric
average of the microbial level around the sampling port when there was no
external accivicies was 195.5 CFU/m3 with a geometrie gtandard deviation of
2.3 and the percentage of the colonies identified as the production stTain an
averzge of 19, The former was statistically different from the average
outside background levels for the sampling week whereas the latter microblal
level was not indicating the release and viability of production strain B3
during the sampling procedure.

The agitator shaft of the seed and fermentar tank is steam sealed with an
additional bearing at the bottom of the tank to steady the shaft. Sampling
results aroupd the fermentor tank agitator shaft indicated a geometric average
nicrobial level of 33% CFU/m® with a geometric standard deviation of 3.1,

The percentage of counted colonles identified as the production straln was an
average of 48. Sampling results around the seed tank agltaror shaft indicated
a geometric average microblal level of 1633.9 CFU/m? with a geometric

standard deviation of 1.5. The percentage of counted colonies identified as
the production strain was an average pf 23, Both locatipns had levels that
were statistically different from the average outslde background level
indicating the possibility of minor leaks around the agitator shafts,

The water scrubber {located on a platform 30 feet from fermentor tank
agitator shaft} thecoretically cleans the exhaust gases from the seed and
fermentor tanks, Worker activity around the water scrubber was minimal otfher
than for maintenance. Samples collected next to the scerubber showed a
geametric average mlcrobial level of 345.1 CFU/m3 with a geomekric standard
deviation of 4.2, The percentage of counted colonles identified as the
production strain was an average of 38. Thig level of microblala was
statistically different from the outside hackground conceatration lndicating
the ablility of the water scrubber to only minimize the release of entrained
production microorganisms., In situations requiring more stringent controls
this may not be adaquate.

A high—volume air sampler was placed in the viciniey (within 15 feet) of the
fermentor tank agitator shaft and the water scrubber. Enzyne levels at this
location were 0,325 DU/m3 with a standard deviation of 0.248,

Broth samples from the mash treatment tank are manuzlly collected from a port
in the top of the tank. The tank is opened by the worker and the sample is
taken with a dipper cup. Emission sources of the BS culture, proteclytic
enzyme, and acetone could occur during this procedure. The total exposura
time of the worker is small. Viable and enzyme air samples could not be taken
at this location due to the exploslive nazture of the acetone and the sanpling
pu?pg were not intrinsically safe. Acetone samples were less than 0,01

mg/m-,
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Recovery Process Step:

After acetone addition inm the treatment tanmk, the microblal/enzyme broth i=
trapsferred through pipe to the automated filter press for an approxzimate two
hour c¢ycle. This eycle will occur many tlmes during one enzyme fFermentation
batch. Automation of the filter press does not preclude worker interactiom
with the procesas; the worker must intervene at the end of a cycle te manually
ramove (with a wood oar) the filter cake. Levels during removal of the filter
cake ranged as high as 28990 CFU/m3 om a gingle sample. Geomecrie average
mierobial levels when the filter press was cloged were 3906.1 CFI/m® with a
standard deviation of 2.5. Geometric average microbial levels when the filter
press was open were 10599.4 CFU/m3 with a standard deviation of 1.8,

Average levels would decrease by an approximate factor of 2 when the filter
press was closed. Geometrlc average microbial levels when the filter press
was closing after the filter cake had been removed were 8757.5 CFU/m> with a
standard deviation of 1.4. Counts of the preduction strain on these samples
vere not made due to tlwme congtraints and other anelytical factors but the
production strain was noted as being the predominant strain at this location
by the microblologist. Gecmettic average wicrpblal levels at the dumpster
were 2400 CFU/m3 with a standard deviation of 1.5 =- like the filter press,
counts af the production straln were not avallable but were noted as belng the
predominant organism. Acetone samples collected arcund the filter press
showed one sample at 3.64 mg/m3 and two other samples less than 0.01

mg/m3. Acetone samples collectad around the conveyor belt and at the mash
treatment tank were all less than 0.01 mg/m?, Engzywe alr samples could nct

be taken at this locatlon due ta the explosive nature of the acetone and the
gampling pumps were not intrlosically safe. Only general dilurion venrilation
was observed including: two ceiling fans, two louvered windows, and one alr
supply duact on the top floori and three wall fans, three louvered windows, and
one alr supply duct on the ground flecor,

A local exhaust ventilation hood (with a pulse jet dust collector} was in
oparation at & dump station 1o the recovery area for various material
additlons to the enzyme liquid {d{atomacequs garth, calcium carbonate, carbon
black, ete.). The hood has a lid with a cylindrical opening into which
specially designed bags fit when the 114 is down -— effectively enclosing the
dumping operation. Unfortunately, the hood was not used by the oparator as
designed. The operater, as observed, would normally leave the 11d open and
pour the raw material directly into the hopper nepating the purpose of the
"enclosed” system design. The rotal dust level at this location was 1.21
mg/m3. The total dust level in the recovery room at a location away from

the dump statfon and filter press was 0.09 mg/m3.

During cleaning and polishing, the acetone~free enzyme liguid ia processed
through 2 candle filter. Immediately prior to this operation, filtar aids
{dfatomacecus earth) are manually added to the liquid in a collection tank
through a hatch at the top of the tank. 5Some of the dust generated from this
dumping action war observed paesing through the workers breathing zone on {ts
way to a ceiling fan. %Worker interaction after thie point is limited to
equipment malntenance and enzyme sample eXtraction, General area levels af
enzyme were 0.317 DU/m> with a standard deviation of 0,126 around the candle
filter and 0.45 DU/m3 with a standard deviation of 0.232 around the blender
tank. High-volune samples were also extracted around the ultrafilters with
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levels of enzyme observed at 0.43 D[Ifm3 with a standard deviatlion of 0.228.
Ouly dilution ventilation was observed in this area including four ceiling
fans and two small louvered windows. Qne high-volume ssmple was taken outside
haetween the laboratory and the recovery area with a level of 0.269 DU /m3.

WOBRK PRACTICES

GE majintains an adequate housekeeplng program around unit processes ——
generally, to reduce the possibility of coptaminating an enzyme broth that ias
in preduction. This houaskeeping program also helps te minimize any
unnecessary exposures to employvees from hazardous agents or conditicns.

The employees play a major role in the development of safety and health
guidelines in the GB plant. Using the concept of "quality circles", employees
select safety rvelated projects that they have collectively researched and
present them te management for consilderaticn. The employees inltiate the
engineering studies needed to evaluate the feasibility of these projects but
the studies are actually conducted by the Engineering Department. Employees
may also submit project stadiea that are directly related to process
operations. As part of their gafety program, GB has had two safety committees
for a number of years. The first committee 1s composed of randemiy selected
employee representatives of each department who meet once a month. The second
committee is composed of management persconnel and meats one weask after the
employee committee meeting to discuss the relevant tapics of that meeting.
This two—committee structure cffars an "umbrella”™ view of plant safety and
health issues.

MONITORING

GB does not currently have an envirommental health pregram but is in the
process of developing & committee to oversee all health hazard lssues (a
Health Assurance Committee). Specific health hazard lssues of concern
fnclude; audiometric studies, pulmonary stuwiles, sensitivity studies (to
enzymes}, &nd environmental sampling methods. The committee will be composed
of personnel from the corporate level and from the producticn plant
(production workers) im Kingstree. Additionally, an industrial hygieaist and
an occupatlonal health physician, outside consultants, will sit on thia
commlttee.

Pre~employment physicsl examinations ate given to all new employees of GB.
Subsequent examinations are administered by a South Carolina mobile health
unit on an annual basds and ineclude sudicmetrie tests and pulmonary funetion
testa. The parent company, Glst-Brocades nv, has conducted tests for enzyme
sensitivity among 1ts employees overseas {using a radicallergnsorbent test —
RAST). A RAST is not used at the Kingstree facility.

PERSONAL FROTECTION
Employees engaging fn operations at dJumping atations are required to wear

disposable dust resplrators. Canister type respirators and self-contained
breathing apparatuses (S50BA) are availlable if needed,.
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VI. CONCLUSION

Viable sample concentrations arcund selected unit processes wers compared
(using the t-statistic for comparing two means) to background concentrations
to ascertain the degree of containmeat of those procesaes.ll The results
indlcate that emissions of the viables are most likely tn occur at high-energy
operations {where there Is probable serosolization) such as the agltator
shafts, belt conveyor, filter press, and sampling ports. Anether source of
emiasion are the exhaust gases from the fermenter and seed tanks (345.1

CFU/w3 with 38% production strain) indicating that the water scrubber does

not completely control the releaze of entrained production microorganisms. In
sltuations vequiring motve striogent countrols, a water scrubber may not be
adequate.

Work practices of the operatars or technicians can he a determining factoer in
the degree of exposure at the filter press, at the sampling ports, and in the
laboratory. Microbial levels at the filter press during removal of the filter
cake (the ogeratar knocks the cake off with a wood oar) ranged as high as
28990 CFlUf{m? on a single sample with an geometric average concentration of
10599,4 CFU/m3 {(the predominant colony was the production strain). Average
levels would dectease by an approximate factoetr of 2 when the filter press was
clased (3906.1 CFU/w?) and minimal gurrounding activity was observed.
Techniciane at the sampling ports could possibly lower emissions by exercising
pYOpETr company procedure by openlng the steam valve gently. In the
iaboratory, pipetting of any salution by mouth is contrary ta the safety
procedures of any lahoratory.

Enzyme levels et all sampling locations were belaw the ACGIH recommended
Threshold Limit Value of 0.8 DU/md. There appears to be no statistically
significant differences between sampling locations.

Acetone levels in Che enzyme Yecovery area were less than G.01 mgfm3 at all
gampling locations with the exception of cne.
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TABLE I.

Equipment Uged on Field Survey

Lien

Model

Automatic balance

Automatic psychromerer

Colony Counter

High-volume alr sampler

Persomal sampling pump
Personal saapling pump
Smcke tubes

¥iable cascade impactor

Metrler AE 163

Vista Scientific
Corporation

New Brunswick
Spcientific

General Metal Warks

Dupont 2500
Dupont P-200
Draeger

Andersen 2-stage

gravimetric analysis

temperature and humidity
measurenant s

colony counts and
ldentification

enzyme and total dust
sampling

total dust sampling
acetone sampling
air flow patterns

microbial air sampling
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TABLE 1I. Viable Sampiing Resultg
CORRECTED TOTAL

SAMPLE LOCATION DATE TIME PLATE FRAC MIN  COUNT CFil % RESP CFU/m3 BS
Background — RR tracks 6/24 1:30 1000  RESBP 10 13 39 33% 137.3 NC
Background - BB tracks 6/24 1:30 1001 NON 1q 26 NG
Background - RR tracks 6/24 1:45 1202 RESP 5 5 5 100% 35.2 NC
Background - RR tracks 6/24 1:45 1003 NON 3 0 NC
Background ~ RR tracks 6/24% 2:;15 1006 RESP 5 2 3 67% 21,1 NC
Background - RR tracks 6/24 2115 1007 RHONW 3 1 NG
Background - RR tracks 6/24 2:25 1008 RESP 2.5 a 0 Q% 0.0 NC
Background - RR tracks 6/24 2:25 1009 NOW 2.5 0 NG
Background - RR tracks 6/24 2:40 1010 RESP 5 t) 5 )4 35.2 NC
Background - RR tracks 6/24 2:40 1011 NOW 5 3 NC
Background - RR tracks 6/24 3:18 1012 RESP 10 V] 0 0% 0.0 NG
Background - RE tracks 6/24 3:18 1013 NoNW 10 0 NG
Background - RR tracks 6/24 3:36 1014  RESP 5 o 1 0% 7.0 NC
Background — RB tracks 6/24 3136 1015 NON 5 1 NC
Background - RR tracks 6/24 3:50 1016 RESP 5 0 0 0% 0.0 NC
Background -~ RE tracks 6/24 3:50 1017 RON 5 0 KC
Background = RR tracks 6/24 4:08 1018 RESP 2.5 0 0 74 0.0 NC
Background RE tracks &/24 4:08 1019 NON 2.5 Q NC
Background -~ RR tracks 6/24 4:15 1020 RBESP 2.5 2 2 100% 28.2 NC
Background - RR tracks 6/24 4:15 1021  NON 2.5 0 NC
Background - RR tracks 6/24 4:26 1022 RES? 10 1 11 9x 38.7 NKC
Background - BR tracks 6/24% 4:26 1023 NON 10 10 NG
Background — RR tracks 6/27 9:39 1300 NoN 10 38 128 70% 450,7 1
Background - RR tracks 6/27 9:39 1301  RESP 10 90 0
Background — RR tracks 6/27 G:54 1302 NON 15 120 260 547 610.3 1
Background ~ RR tracks 6/27 9:54 1303  RESP 15 140 0
Background — RR tracks 6/27 10314 1304  NON 10 46 91 492 320.4 4]
Background - RR tracks 6/27 10:14 1305 RESP 10 45 0
Background - RR tracks 6/27 10:29 1306 HNON 10 49 100 51% 352.1 3
Background - RR tracks 6727 10:29 1307 ERESP 10 51 0
Background — RR tracks 6/27 10:46 1308  NON 10 97 222 36 781.7 4]
Background - RR tracks 6/27 10:46 1309 BESP 10 125 0
Background - RR tracks &/27 11:01 1310 NON 10 28 a1 69% 320.4 1
Background ~ RR tracks 6/27 11:01 1311 RESP 10 63 0
Background - BR tracks &/27 11:17 1312 NON 10 10 10 0% 35.2 0
Background — BR tracks 6/27 11:17 31313  RESP 140 a 0
Backpround - RR tracks /27 11:33 1314 NON 10 66 195 662 686,06 9
Background - RR tracks &/27 11:33 13153 RESP 10 129 0
Background - RR tracks 6/27 11:47 1316 NON 10 114 243 53% 855.6 5
Background ~ RR tracks 6/27 11:47 1317 RESP 10 129 )
Background - RR tracks 6/26 11:58 1116 NON 10 13 27 52% 95.1 NG
Background - RR tracks &/26  11:58 1117  RESP 10 14 NC
Background ~ RR tracks &/26 2:05 1118 KON 5 Q 10 100% 70.4 4]
Background — RR tracks 6/26 2:05 1119 RESP 5 10 0
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TABLE 1II.

Viable Sampling Results {Continued)

CORRECTED TOTAL p 4

SAMPLE LOCATION DATE TIME PLATE FRAC MIN COUNT CFU RESP CFU/m3 BS
Background - RR tracks 6/26 2:15 1120 NON 16 57 126 55% 277.3 NC
Background — RR tracks 6/26 2:15 1121 RESP 16 69 NC
Background ~ water tower 6/27 1:41 1318 NON 10 74 151 517 531.7 5
Background — water tower 6/27 1:41 1319 RESP 10 77 1
Background — water tower 6/27 1:56 1320 NON 10 34 76 55% 267.6 3
Background - water tower 6/27 1:56 1321 RESP 10 42 5
Background ~ water towar 6/27 2:11 1322 HNON 10 186 30 4 7% 105.6 5
Background - water tower 6/27 2:11 1323 RESP 10 14 1
Background -~ warer tower 6/27 2:24 1324 HNON 10 107 169 37 5851 71
Background - water tower 627 2:24 1325 RESP 10 b 34
Background - water tower 6/27  2:39 1326 NON 10 35 g8 6% 30%.% 5
Background - water tower 6727  2:39 1327 RESP 10 53 0
Background — water tower 6/27 3:11 1328 KHON 10 54 137 o1k 482.4 0
Background - water tower 6/27  3:11 1329 RESF 10 83 5
Background - water tower 6/27  3:25 1330 NON 11 51 192 T3% 6l4.6 <]
Background — water tower 6/27  3:25 1331 RESF 11 141 0
Backgyound — water tower 65727 4:19 1332 MON i0 41 108 &62% 380.3 5
Background — water tower 8727  4:19 1333 BHESP 10 67 1
Background — water tower 6/27 4332 1334 MNON 10 17 26 15% 91.5 1
Backpround — water tower 6/27 4:32 1335 RESP 10 9 0
Background ~ water tower 6/27 43435 1336 NON 10 i2 15 20% 52.8 0
Background — water tower /27 4:43 1337 RESP 10 3 0
Background ~ water tower 6/27  4:58 1338 NoN 10 281 424 34%  1493.0 NC
Background — water tower &/27 4:58 1339 RESP 10 143 NC
Background - water tower 8/27 5:13 1340 NON 10 216 306 29%  1077.5 NC
Background — water Lower 6/27 5:13 1341 BRESP 10 20 NC
Background - behind offices 6/25 10:45 1030 NON 10 40 71 442 250.0 NC
Background — behind offices 6/25 10:45 1051 RESP 10 3 NG
Background - behind offices 6/23 11:03 1052 NON 5 1 1 0% 7.0 NC
Background = behind offices 6/25 11:02 1053 RESP 5 0 NG
Background — behind offices 6/25 11:16 1054 NON 2.5 0 2 100% 28,2 NC
Background ~ behind offices 6/25 11:16 1055 ERESP 2.5 p NC
Background ~ bhehind offices  6/25 12:331 1056 NOW 3 0 4  100% 28,2 NC
Background - behind offices 6/25 12:33 1057 BRESP 5 4 NG
Background — behind offices 625 12:45 1058 KON 5 11 12 B 84.5 NG
Background - behind offices 6/25 12:45 1059 RESP 5 1 NC
Background ~ hehind offices 6/25 1:09 1062 NON 10 28 47 40% 165.5 NC
Background ~ behind offices 6/25 1:09 1063 RESP 10 19 NG
Background — behind offices 6725 1:30 1064 NON 5 0 1l 100% 7.0 NG
Background - behind offices 6/25 1:30 1065 RESP 5 1 NC
Background - behind offices  6/25 1:40 1066 KON 5 0 0 0% 0.0 NC
Background - behind offices 6/25 1:40 1067 RESP 5 0 NG
Backgrount - behind offices 6/25 2:10 1068 KON 2.5 14 25 447 352.1 NC
Background = behind offices 6/2> 2:10 1069 RESP 2.3 il NG
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TABLE 1IT1. WViable Sampling Results {Continued)
CORBECTED TOTAL A

SAMPLE LOCATION DATE TIME TPLATE FRAC WMIN COUNT CFU RSP CFl/m3 BS
Background — behind offices 6/25 2:20 1070 NON 5 9 14 36% 98.6 NC
Background - behind offices 6/25 2:20 1071 RESP 5 3 NC
Background behind offices 6728 10:02 1410 NON 10 a0 118 582 415.5 NC
Background behind offices 6/28 10:02 1411 RESP 10 68 NC
Background — behind offices 6/28 10:16 1412 HNON 11 43 76 43% 243.3 NC
Background - behind offices 6/28 10:16 1413 RESP 11 33 NC
Background — behind offices 6728 10:31 1414 NON 10 82 202 59% 711,3 NC
Background - behind offices 6/28 10:31 1415 RESP 10 120 RC
Background - behind offices 6/28 10:46 1416 FON 10 47 125 62% 440,1 NC
Background — behind offices 6/28 10:46 1417 RESP 10 78 WG
Background - behdind offices 6728 11:02 1418  HON 10 113 264 S5T% 929.6 NC
Background = behind offices 6/28 11:02 1419 RESP 10 151 NC
Background — behind offices 6/28 11:17 1420 NON 10 76 201 622 707.7 HMC
Background behind offices 6/28 11:17 1421 RESP 10 125 NC
Background behind offices 6/28 11:46 1424  NONW 10 114 314 63% 1091.5 NG
Background - behind offices 6/28 11:46 1425 RESP 10 196 NG
Background field 6/28 8:17 1400 NON 10 22 222 90% 78l.7 NC
Background field 6/ 28 8:17 1401 RESP 10 200 NC
Background = field 6/28 8:31 1402 NON 11 b4 243 2% 784.3 NC
Background - field 6728 8:31 1403 RESP 11 201 NC
Background field 6/28 3:46 1404 HON 10 58 194 70% 6B3.1 NC
Background -~ field 6/28 8:46 1405 RESP 10 136 NC
Background field 6728 9:14 1408  NON B 97 134 25% 372.2 NG
Background — field 6/28 9:14 1409 EESP 8 a3 NC
Background ~ cafeteria 6/26 8:25 1100 HNON 10 27 59 54% 207,7 12
Background - cafeteria 6/26 8§:25 1101 EREsSP 10 32 14
Background — cafeteria 6/26 8:43 1102 NON 5 23 43 474 302.8 16
Background - cefeteria 6/26 8:43 1103  EESP 5 20 &
Background - cafeteria 6/26 8:56 1104 NON 10 44 89 51% 313.4 10
Background - cafeteria 6/26 8:56 1105 RESP 14 45 b
Background ~ conference room 6/26 9:27 1106 NON 10 53 171 69% 602.1 35
Background ~ conference room 6/26 9:27 1107 ERESP 10 118 48
Background - eonference room 6f26 9:43 1108 NON 5 40 88 535% 619.7 18
Background - conference room 6/26 9:43 1109 RESP § 48 24
Background — conference room 6/26 9:54 1110 HON 5 59 111 4T% 781.7 34
Background - conference room 6/26 9:54 1111 RESP 5 52 26
Background = conference room 6726 10:05 1112 NON 10 108 218 50% 767.6 30
Background - conference room 6/2Z6 10:05 1113 RESP 10 109 3%
Background = cenference room 6726 10:22 1114 NON 5 58 107 467 753.5 43
Background — conference room 6/26 10:22 1115 RESF 5 49 22
Background locker room 6/26 2:51 1124 NOW 13 { 2 1002 7.0 NC
Background — locker room 6/26 2:51 1125 RESP 10 2 D
Background — locker room 6/26 3:16 1126 NON 5 13 19 32% 133.8 NG
Background - leocker room 6/26 3:15 1127 RESE 5 & NC
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TABLE II. Viable Sampling Results {Centinued)

CORRECTED TOTAL Z

SAMFLE LOCATION DATE TIME PLATE FRAC MIN COUNT CFU RESP CFU/m3 3BS
Background - office 6/26 3:3%2 1130 NHON 20 111 211 4 7% 371.5 0
Background - office 6/26 3:32 1131 BESP 20 100 HC
Background — office 6/26 4;01 1132 NON 10 115 213 46% 750.0 NG
Background ~ office 6/26 4:01 1133 RESP 10 EL NC
Filter Press 6/24 1:24 2003 RESP & 244 959 26% 9439 HC
Filter Preds 6/ 24 1:24 2004 HNON 4 715 NC
Filter Press 6/24 1:42 2008 RESF 5 227 11148 212 BEQ3 NC
Filter Press 6/ 24 1:42 2007 NON 5 891 NC
Filter Press B/24 2:57 2011 RESP 4 223 597 Igk 5876 9
Filter Preas 624 2337 2012 XNON & 374 NC
Filter Press 6f 14 3:19 2015 RESP 3 406 2209 19% 28990 NC
Filter Press 6/24 3:19 2016 NON 3 1803 NC
Filter Press 6f24 3:42 2019 RESP 4 170 384 457 37380 NC
Filter Press 6f 24 3:42 2020 NON & 214 NC
Filter Press b/ 24 3:55 2023 RESP 4 &7 237 33% 2333 NC
Filter Press 6/24 3:55 2024 NON 4 150 NC
Filter Press 6/24 1:24 2001 EESFP 4 276 1871 15% 18343 NC
Filter Press 6/24 1:245 2002 NKOH 4 1595 4]
Filter Pregs 6724 1:42 2006 RESP S 264 1379 192 10816 NC
Filter Preasa 6/24 1:42 2005 NON 5 1115 NC
Filter Press 6/ 24 2:57 2009 RESP 4 231 1394 17 13667 NC
Filter Press 626 2:57 2010 NOKW 1) 1163 HC
Filter Press 6/24 3:42 2017 RESP 4 2221 24006 ox 23588 NC
Filter Press 6/24 3:42 2018 NON 4 185 i)
Filter Press 6/24 3:553 2021 RESP 4 64 170 39 1667 NC
Fllter Press 6/ 24 3:55 2022 NOW & 106 HC
Filter Press 6/25 8:10 2024 NON 4 36 155 80% 1520 10
Filter Preszs 6425 8:10 2025 RESP 4 119 10
Filter Presgs 6/25 8:22 2028 NoN 4 36 112 72% 1098 28
Filter Press 6/25 8:22 2029 RESP A 76 13
Filter Press 6/25% 8:33 2032 NON 3 195 343 452 4484 165
Filter Press 6/25 8:53 2033 RESP 3 148 101
Filter Freass 6/25 9:01 2036 WNON 3 236 407 &3% 5320 197
Filter Press 6/25 9:01 2037 RESP 3 171 "G
Filter Pyess 6725 9:18 2040 NON 2.5 253 447 4 5% 7012 NG
Filter Press 6/25 9:18 2041 RESP 2.5 194 NC
Filter Press 6725 10:20 2044 NoN 2.5 224 587 637% 3385 NC
Filter Press 6/25% 10:20 2045 RESP 2,5 373 Jo[¥
Filter Press 6f25 11:11 7048 NON 3 349 126 73 988 NC
Filter Press 6/25 11:11 2049 RESP 5 87 NG
Filter Press 6/25 12:41 2056 NON 4 701 985 29 8657 NC
Filter Press 6/25 12:41 2053 RESP 4 284 NG
Filter Press 6/25 1;01 2058 NOH & 15¢ 265 45% 2598 HC
Filter Press 6/25 1:01 2059 RESP 4 1135 NC

pal



TABLE IT.

Viable Sampling Results (Continued})

CORRECIED TOTAL %

SAMPLE LOCATION DATE TIME PLATE FRAC MIN COUNT CFJ BRESP CFU/m3 BS
Filter Press 6/25 8:10 2026 NON 4 69 183 %Y 1801 26
Filter Press 6/25 8:10 2027 RESP 4 114 16
Filter Press 6/25% &322 2030 NON 4 a3 178 S6% 1752 60
Filter Press 6/25 8122 2031 RESP 4 95 19
Filter Press 6/25 8:533 2034 XNON 3 369 570 3% 7480 10
Filter Press 6/25 8:53 2035 REsP 3 20 la2
Filcer Press 6/25 9:01 2038 NON 3 669 884 25% 1101 NG
Filter Fress 6/25 9:01 2039 KESP 3 213 NC
Filter Press 6/25 9:18 2042 NOW 2.5 273 462 42% 1276 HC
Filter Prass 6/25 9:18 2043 RESP 2.5 189 NG
Filter Press 6/25 10:20 2046 NON 2.5 183 339 47% 5339 NC
Filter Press 6/25 10:20 2047 RESP 2.5 156 NC
Filter Press 6/25 11:11 2050 MNON 3 1069 1136 6% BUAS NC
Filter Press 6/25 11:11 2051 RESP 5 67 NG
Filter Press 6/25 12:41 2054 NON & 653 938 31z 0232 NG
Fllter Press 6/25 12:41 2055 RESP 4 285 NG
Filter Press 6/25 1:01 2060 NON 4 245 349 31% 34135 NG
Filter Press 6/25 1:01 2061 RESP 4 104 NC
Fermentor Sample Port — open 6/24 2:10 3000 NON & 100 148 32% 1312,1 89
Fermentor Sample Pori — open 6/24 2:10 3001 EESP 4 48 42
Fermentor Sample Port open 6/24 2:10 3003 NONW 4 114 139 18% 1215.0 74
Fermentor Sample Port - open 6/24 2:10 3002 RESP 4 25 18
Fermentor Sample Port - open 6/25 1:45 3034 NONW 6 190 044 57% 2902,0 NC
Fermentor Sample Port — closed 6/25 X:45 3035 RESP  © 254 XC
Fermentor Sample Port - closed 6724 2:27 3004 RESP 4 20 40 502 354.6 4
Fermentor Sample Port claoged 6724 2:27 3005 NON 4 20 0
Fermentor Sample Port - closed 6/24 2:27 3006 RESP 4 27 33 822 288.5 (o]
Fermentor Sample Port eloged 6/24 2:27 3007 NON 4 6 0
Fermentor Sample Port = closed 6724 2:48 3008 RESP 4 &4 21 19% 188.2 1
FermentoX Sample Port — closed 6724 2:48 3009 NON 4 17 3
Fermentor Sample Port closed 6&/24 2:483 3010 RESP 4 5 i1 4 5% 95,2 3
Fetmentor Sample Port — closed 6724 2:48 3011 HNON 4 6 5
Fermentor Sample Port — closed 6724 3:05 3012 RESP 4 ) 7 71% 62.1 0
Fermentor Sample Port - closed 6724 3:03 3013 WNON 4 2 1
Fermentor Ssmple Port ~ closed 6724 3:05 3014 BRESP 4 9 9 100z 78,7 0
Fermentor Sample Port = cloged 6724 3:05 3015 NON 4 0 0
Fermentor Sample Port - closed 6725 2:01 3036 NON 11 78 124 372 44201 NC
Fermentor Sample Port - closed 6/25 2:01 3037 RESP 11 46 NC
Fermentor Sample Port — closed 6/25 2:21 3038 NON 10 50 125 60% 4490.,2 NC
Fermentor Sample Port -~ c¢lemed 625 2:21 3039 RESPF 10 75 HC
Incubation Room 6/25 8:47 3016 NoWN 17 76 150 537  333.8 NC
Incubation Room 6/25 8:47 30L7 RESP 17 84 NC
Incubation Room 6/25 9:08 3020 NON 20 60 168 647  297.9 NC
Incubation Room 6/25 9;08 3021 RESP 20 108 NC
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TABLE I1. Viable Sampling Results {Continued)

CORRECTED TOTAL 4

SAMPLE LOCATION DATE TIME PLATE FRAC MIN COUNT CFU RESE CFU/m3 BS
Incubation Room 6/25 9:39 3026 RON 22 122 237 49% 382.0 KNG
Incubation Room 6/25 9:39 3027 RESP 22 115 NG
Incubation Room 6/25 10:10 3028 KON 20 118 178 347 315.6 NC
Incubation Reom 6/25 10:10 3029  HESP 20 60 NG
Incubaticn Room 6/26 2:38 3078 NON 20 ND
Incubation Reom 6/26 2:38 3079 RESP 20 32 29
Incubation Room 6/26 3:59 3084 HOW 20 143 42
Incubation Room 6/26 3:59 3085 RESP 20 3
Tncubation Room f/26 2:11 3076 NON 20 102 160 16} 315.0 20
Incubatien Room 6/26 2:11 3077 RESP 20 58 20
Incubation Room 6/26 3:32 3082 HNON 20 107 175 397 344.5 30
Incubation Room 6/26 3:32 3083 RESP 20 68 35
Clean Room &/25 B8:56 3018 NON 20 2 & 63z 10.5 NC
Clean Room 6/25 8:56 3019 ERESF 20 4 NG
Clean Room 6/25 9:54 3022 NON g 3 1 100% 3.9 KC
Clean Room 6/25 9:54 3023 RESP 9 1 NC
Clean Room 6/25 10:15 3030 NON 10 0 0 0% 0.0 XC
{lean Roon 6f25 10:15 3031 RESP 10 O i
Clean Room 6725 16G:30 3032 NON 10 0 4 100% 14.0 0
Clean Room 6/25 10:30 3033 BESP 10 4 NG
Clean Rpom 6/26 8:19 3052 NON 21 32 ag 18% 72.8 27
Clean Ropom &/26 8:19 3053 RESP 21 7 g
Clean Room 6/26 B:49 3054 NON 16 0 Q 0% 0.0 1
Clean Room 6/26 8:49 3055 ERESP 16 0 1
Clean Room 6/26 9;11 3056 NON 20 0 0 oz 0.0 0
Clean Room 6/26 9:11 3057 RESPF 20 0 o]
Clean Room 6/26 11:05 3062 HON 20 0 0 0% 0.0 1
Clean Room 6/26 11:05 3063 RESP 20 0 1
Clean Rocm 626 L1:56 3064 HON 20 G O 0E 0.0 1
Clean Room 6/26 1:56 3065 RESP 20 0 L
Clean Room 6/26 2:25 3066 NON 20 0 0 0% 0.0 1
Clean Room 6/26 2:25 3067 RESP 20 0 1
Clean Room 6/26 2:53 3068 NON 21 16 19 laZ 35.5 2
Cleam Room 6/26 2:53 3069 RESP 21 3 1
Clean Room 6/26 3:46 3072 NON 20 (H 0 0% 0,0 1
Clean Keoom 6/26 3:40 3073 RESP 20 a 1
Main Laboratory 6/26 9:53 3058 NON 25 21 98 7%9% 153.7 12
Main Laboratory Bf26 9:93 3059 RESP 25 77 4
Main Laboratory 6/26 10:32 3060 NON 20 29 70 59% 137.3 15
Main Laboratory 6/26 10:32 3061 RESP 20 41 21
Quality Control Laboratory 6/27 2:48 1 RESE 10 26 70 372 275.6 10
fuality Control Laboratory 6/27 2:48 2 NON 10 44 9
Quality Control Laboratory 6/27 3:04 3 RESP 15 27 69 39%  181.1
Quality Control Laboratory 6/27 3:04 4  NON 15 42 10
Quality Control Laboratory 6/27 3:23 5 BRESP 10 15 34 44% 133.3 0
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TABLE II. Viable Sampling Results (Continued}

CORRECTED TOTAL 4

SAMPLE LOCATION DATE TIME PLATE FRAC MIN COUNT CFU RESP CFU/m3 BS
Quality Control Laboratory 6/27 3:23 6 NON 10 19 9
Quality Control Laboratory 6/27 3:3% 7 RESP 10 15 75 20% 295,13 9
Quality Control Labaratory 6/27 3:39 8 NON 10 60 19
Quality Control Laboratory 6/27  4:15 9 RESE 10 11 25 TAA 4 98. 4 5
Quality Control Laboratory 6/27 4+15 1Q HON 10 14 8
Guality Control Laboratery 6f27 4:31 11 RESP 10 10 23 43% 90.6 4
Quality Control Laboratory 6/27 4:31 12 NCN 10 13 &
Quality Contrael Laboratory 6/27 4144 13 RESP 15 14 35 40% 81.9 2
Quality Control Laboratory 6/27  4:44 14 NON 15 46 NC
Juality Control Laboratory 6/27 5:02 15 RESP 10 5 59 8%  232.3 3
Quality Conttol Laboratory 6/27  5:02 la NCN 10 20 NG
Dumpster 6/28 9:05 3612 NON b 281 434 355 2565.0 NC
Dumpster 6/28 53505 3613 RESP 6 153 NG
Dumpater 6/28 9:05 3614 NON 6 339 501 32% 2919.6 NC
Dumpster G/28 9:05 3615 ERESP () 162 NC
Dumpsater 6/28 9:03 34816 NON L] 111 177 378 116l.4 NC
Dumpster 6/28 9:05 3617 RESP 6 66 NC
Dumpstet 6/28 10:16 3618 KON ) 234 352 34%  2496.5 NC
Dumpster 6/28 10:16 3612 RESP 5 i18 NC
Dumpetar 6/28 10:16 3620 NON 5 309 508 39%  3552.4 NG
Dumpster 6/28 10:16 3621 RESP 3 199 NC
Dumpster 6/28 10:16 3622 NON 5 163 262 387 2063.0 NC
Dumpster 6/28 10:16 3623 RESP ) 99 NC
Dumpster 6/28 12:07 3630 NON 5 243 364 332 258l1.6 NC
Dumpscer 6/28 12:07 3631 BESP 5 121 KC
Dumpster 6/28 12:07 3632 NON 3 469 666 ok 4657.3 NC
Dumpster 6/28 12;07 3633 RESP 5 197 NC
Dumpster 6/28 12:07 3634 NON 5 106 174 39%  1370.1 NC
Dunpster 6/28 12:07 3635 RESP 5 68 KC
Fermentor Tank - agitator shaft 6/23 1:56 3Q40 NON 2.5 19 95 80% 1328,7 NC
Fermentor Tank - agitator shaft 6/25 1:56 3041 BRESF 2.5 76 NG
Fermentor Tank — agitator shaft 6/23 1:56 3042 NON 2.5 22 64 66% %07.8 NC
Fermentor Tank — agitator shaft 6/25 1:56 3043 RESF 2.5 42 45
Fermentor Tank - agitator shaft 6/25 2:08 3044 DNON 243 3 11 554 153.8 9
Fermeptor Tank - agltator shaft 6/25 2:08 3045 RESP 2.5 6 9
Fermentor Tank - agitator shaft 6/25  2:08 3046 NON 2.3 0 14 100%  198.8 1
Fermentor Tank - agltator ghafr &/25  2:08 3047 RESPF 2.5 1a 13
Fermentor Tank - agitator shaft 6/25 2:24 3048 NON 2.3 3 8z 06% 1146.0 4
Fermentor Tank — agitator shaft 6/25  2:24 3049 RESP 2.5 79 ’2
Fermentor Tank - agitator shaft 6/25 2:24 3050  HON 2.5 4 152 98% 2297.49 4
Fermentor Tank = agltator shaft 6/23 2:24 3051 RESP 2.5 158 161
Fermentor Tank — agitator pheft 6/26 11:25 3129 RESP 3 ] 12 427 43.9 0
Fermentotr Tank ~ agitator shaft 6/26 11:25 3130 NON 5 7 0
Fermentor Tank — agitator shaft 6/26 11:25 3131 RESP 5 0 13 (154 92.2 1
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TABLE II.

Viable Sampling Results {Continued)

——

CORRECTED TOTAL &

SAMPLE LOCATION DATE TIME PILATE FRAC MIN COUNT CFU RESPE CFU/m3 BS
Seed Tank — agitator shaft 6/27 10:45 3422 NON 5 73 5
Seed Tank — agitator shaft 6727 10:53 3423  RESP 5 194 242 80% 1716.3 3
Seed Tank - agitator shafr 6727 10:53 3424  NON 5 48 3
Seed Tank — agltator shaft 6727 10:53 3425 RESP 5 119 140 63% 1328.7 &
Seed Tank — agitator shaft 6/27 10:53 3426 NON 5 71 3
Seed Tank - agitator shaft 6727 11:11 3427 RESP 5 78 149 §52% 1056.7 10
Seed Tank — agitator shaft 6727 I11:11 3428 NON 5 7l 23
Seed Tank - ggitater shaft 6/27 11:11 3429 EESP 5 105 155 68% 1083.9 13
Seed Tank - agltator shaft 6/27 11:11 3430 NON 5 50 19
Seed Tank - agitator shaft 6/27 11:25 3435 BEESP 10 126 467 7% l656.0 85
Seed Tank - agitator mhaft 6/27 11:25 3436 NON 1G 341 128
Seed Tank - agitator shaft 6/27 11:25 3437 RESP 14 102 331 31% 1157.3 66
Seed Tank — agitater shaft 6/27 11:25 34338 NON 10 229 114
Seed Tank — agltator shaft 6/27 11:42 3439 RESP 3 102 179 57% 1269.5 18
Seed Tank = agitator shaft 6727 11:42 3450 HOKN 5 77 34
Seed Tank — agitator shaft 6/27 11:42 3441  RESP 5 182 264 69% 1846.2 9
Seed Tank - agitator shaft 6727 11:42 3442 NON 3 82 20
Seed Tank — agitator shaft 6/27 11:52 3443 RESP 5 115 270 43% 1914.9 9
Seed Tank = agltator shaft 6/27 11:52 3444 NON 3 155 55
Seed Tank — agltator shaft 6/27 I1:52 3445 RESP 5 133 252 53% 1762.2 22
Seed Tank ~ agitator shaft 6727 11:52 3446 NON 5 119 37
Scrubber exhaust 6/26 8:32 3101 RESP 5 43 51 B4E 336.6 33
Serubbar exhaust 6/26 8232 3102 NON 3 8 0]
Scrubber exhaust 6/26 8:32 3103 EESP 5 72 77 94% 546,1 45
Scrubber exhaust 6/26 8.32 3104 NON 5 5 1
Scrubber exhaust 6/26 8:50 3103 EESP 5 24 27 89% 188. 8 15
ScTubber exhaust 6/26 8:50 3106 NON 5 3 3
Scrubber exhaust 6/26 8:50 3107  NON 5 8 54 15% 383.0 5
Scrubber exhaust 6/26 8:50 3108 RESP 5 46 31
Serubber exhaust 6/26  9:06 3109 RESP 5 60 63 95% 446,8 46
Scrubber exhaust 6/26 9:06 3110 NON 5 3 0
Scrubber exhaust 6/26 9:06 3111  EESP 3 43 45 367 314.7 a4
Scrubber exhaust 6/26  9:06 3112  NON 5 2 2
Scrubber exhaust 6/26 9:20 3113 RESP 2.5 12 12 100% 170.2 2
Scrubber exhaust B/26 3:20 3114 NON 2.5 0 0
Scrubber exhaust 6/26 9:20 3115 EESE 2.5 23 23 100% 321.7 22
Scrubber exhaust 6/26 9:20 3116 NON 2.5 0 q
Scrubber exhaust 6/26 9:44 3117 RESP 2.5 163 120 Eb% 1702.1 61
Scrubber exhaust 6/26 0:44 3118 NON 2.5 17 5
Scrubber exhaust 6/26  9:44 3119 RESP 2.5 75 a1 B2% 1272.7 249
Scrubber exhaust 6/26 0:44 3120 NON 2.5 16 1
Serubber exhaust 6/26 9:55 3121 RESP 5 37 70 53% 496.5 NC
Scrubber exhaust 6/26  9:55 3122 HONW 5 33 1
Scrubber exhaust 6/26 9:55 3123 RESP 3 31 47 66% 328.7 KC
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TABLE 11, Viable Sampling Results {Continued)

CORBRECIED TOTAL &

SAMFLE LOCATION DATE TIME PLATE TFRAC MIN  COUNT CFL BRESP CFU/m3 BS
Fermentor Tank — sgitator ahaft 626 11:25 3132 NON 5 13 4
Fermentor Tank - agltator shaft 6/26 11:37 3133 RESP 5 2 17 122 118.9 0
Fermentor Tank = agitator sghaft 6/26 11:37 3134 NON 3 15 7
Fermentor Tank = agltator shaft 6/26 11:37 3135 RESP 5 17 iz 40% 297,94 y
Fermentox Tank - agitator shaft 6/26 11:37 3136 NON 3 25 9
Fermentor Tank = agltator shaft 6/26 11:48 3137 RESP 2.5 Q 6 474 83,9 0
Fermentor Tank — aglitator shaft 6/26 11:48 3138 KON 2.5 6 2z
Fermentor Tank — agitator shaft 6/26 11:48 3139 RESP 2.5 0 8 0  113,5 0
Fermentot Tank ~ agltatotr shaft 6/26 11:48 3140 NON 2.5 8 4
Fermentor Tank - agitator shaft 6/26 11:57 3141 RESP 2,5 26 70 372 979,0 7
Fermentor Tank — agltator shaft 6/26 11:57 3142 NON 2.5 44 22
Fermentor Tank — agltator shaft 6/26 1I1:57 3143 BESP 2.5 19 55 354 780.1 22
Fermentor Tsuk — agltator shaft 6/26 111537 3144 NON 2.5 36 19
Fermentor Tank - agitator shaft 6/27 2:03 3500 NON 5 26 35 26%  248.2 i
Fermentor Tank — agitator shaft 6/27 2:03 3501 RESP 5 9 0
Fermentor Tank — agitatetr shaft /27 2:03 3502 NON 5 23 43 47% 300, 7 3
Fermentor Tank - agitater shaft 6/27 2:03 3503 RESP 5 20 a
Fermentor Tank - agitator shaft 6/27 2:20 3504 HON 5 8 22 64%  156.0 0
Fermentor Tank — agitator ghaft &/27 2:20 3505 RESP 5 14 0
Fermentor Tank — agltator shaft 6/27 2:20 3506 NON 5 11 15 27z 104.9 2
Fermentor Tank — agltator shaft 6/27 2:20 3507 RESP 3 4 Q
Fermentor Tank — agltator ghaft 6/27 2:53 3508 HNON 5 29 222 558 1574.5 38
Fermentor Tank - agitator shaft 6/27 2:53 3509 BEHESP 5 123 35
Fermentor Tank - agitator shaft 6/27 2:53 3510 NON 5 41 132 69%  923,1 7
Fermentor Tank — agitater shaft 6/27  2:53 3511 RESP 5 91 24
Seed Tank — agitatot ghaft 6/27 9:51 23400 NON 3 146 265 45% 3132.4 31
Seed Tank - aglitator shaft 6/27 G:51 3401 RESP 3 11% 0G
Seed Tank - agitator shaft 6/27 9:51 3402 NOXN 3 164 363 552 4230.8 OG
Seed Tank - agitator shaft 6/27 9:51 13403 RESP 3 199 62
Sead Tank — agltator shaft 6/27 10:07 3404 NWON 1.5 74 162 347 2265.7 a8
Seed Tank - agltator shaft 6/27 10:07 3405 RESP 2,5 ag 14
Seed Tank - agitator shaft 6/27 10:07 3406 NON 2.5 161 231 30 3276.6 &4
Seed Tank — agitator shaft £/27 10:07 3407 RESP 2.5 70 9
Seed Tank - agltator shaft 6/27 10:21 3408 DNON 5 128 219 42%  1553.2 77
Seed Tank - agitator shaft 6/27 10:21 3409 RESP 5 m Vel
Seed Tank - agitator shaft 6/27 10:21 3412 NON 5 139 234 417 15836.4 NC
Seed Tank — agitator shaft 6/27 10:21 3413 RESP 5 95 65
Seed Tank = agitator shaft 6/27 10:36 3414 KON € 101 195 48% 1152.5 38
Seed Tank ~ aglitator ghaft 6/27 10:36 3415 RESP 6 94 24
Seed Tank ~ agltator shaft 6/27 10:36 3416 NON & 131 211 asx 1:229.6 59
Seed Tank - agitator shaft 6/27 10:36 3417 RESP 6 80 29
Seed Tank - agltater shaft 6/27 10345 3419 RES?P 5 101 149 68% 1056.7 i
Seed Tank — agitator shaft 6/27 10345 3420 NON 5 48 6
Seed Tank - agltatotr shaft 6/27 10:45 3421 RESP 5 100 173 58% 1209.8 P
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TABLE 1I. Viable Sampling Results (Continued)
CORRECTED TOTAL %

SAMPLE LOCATION DATE TIME PLATE FRAC MIN  GOUNT CFU RESP CFU/m3 B3
Seed Tank — agitator shaft 6/27 10:45 3422 NON 5 73 5
Seed Tank - aglitator shaft 6/27 10:53 3423  RESP 5 194 242 BOZ 1716.3 3
Seed Tank — agitator shaft 627 10:53 3424  HON 5 48 5
Seed Tank agitator shaft 6/27 10:53 3425 RESFP 5 119 150 63%  1328.7 4
Sead Tank - agltator shaft 6/27 10:533 3426  NON 5 71 5
BSeed Tank - agitator shaft &/27 11:11 2427  RESP 5 78 149 32% 1056.7 10
Seed Tank - agitator shaft 6727 11:11 3428  WNON 5 71 z5
Seed Tank - agitater shaft 6/27 11:11 3429 RESP 5 105 155 687 1083.9 13
Seed Tank — agitator shatt 6/27 1l:11 3430 NON 5 50 13
Seed Tank agleator shaft &6/27 11:25 3435 RESF 10 126 467 2% 1636.0 85
Seed Tank ~ agltator shaft 6/27 11:25 3436 NON 10 341 128
Seed Tank agltator shaft a/27 11:25 3437 RESP 10 102 331 31Z 1157.3 66
Sead Tank — agitator shaft 6/27 11:25 3438 NON 10 229 114
Seed Tank - agitator shaft 6/27 11:42 3439 RESP 5 102 179 57¢ 1269.5 18
Sead Tank agitator shaft 6/27 11:42 3440 NON 5 77 34
S¢ed Tank agltator shaft 6/27 11:42 3441 RESF 5 182 264 b9% 1846.2 g
Seed Tank — agitator shafr 6/27 11:42 3442  NON 5 82 20
Seed Tank - agirator shaft 6/27 11:52 3443  RESP 5 115 270 43% 1914.9 9
Gead Tank - agitator shatc &/27 11:32 3444  HNON 3 155 55
Sead Tank - agltator ghaft 6/27 11:52 3443 RESP 5 133 252 53¢ 1762.2 22
Seed Tank - agitator shaft &/27 11:52 3446 NON 5 119 37
Scrubber exhaust 6/26 8:32 3101 RESP 5 43 51 842 358.6 35
Scrubber exhaust 6/26 8:32 3102 NON 5 B Q
Scrubber exhaust 6/26 #:32 3103  RESP 5 72 77 94z 546.1 45
Serubber exhaust a/26 8:32 3104 NON 5 3 h
Scrubber exhaust 6/26 $:530 3105 R®ESE 5 24 27 89% 188.8 15
Scrubber exhaust 6/26 8:50 3106 NWOW 5 3 3
Serutber exhaust 6/26 B:50 3107 NON 5 B8 54 15%  383.0 3
Scrubber exhaust 6726 8:50 3108 BESP 3 4 11
Scrubber exhaust 6/26 g9:06 3109 RESP 5 60 63 95%  446.8 46
Scrubber exhaust 6/28 9:06 3110 NOW 5 3 0
Scrubber exhaust 6/26 9:06 3111 RESP 5 43 45 96% 314.7 34
Scrubber exhaust 6/26 9:06 3112 NON 5 2 2
Serubber exhaust 6/26 3:20 3113 RESP 2.5 12 iz 1007 170.2 2
Serubber exhaust 6/26 g9:20 3114 NON 2.5 1} 0
Scrubber exhaust 6/26 9:20 3115 RESP 2.5 23 23 100% 321.7 22
Scrubber exhaust 6/26 9:20 3116 NONW 2.5 0 )
Serubber exhaust 6/26 9:44 3117 BESP 2.5 103 120 86z 1702.1 6l
Scrubber exhaust /26 9:44 3118 NOW 0 2.5 17 5
Scrubber exhaust af26 g9:44 3119 RESP 2.5 73 91 82% 1272.7 29
Scrubber exhausat /26 9:44 3120 HNoN 2.5 16 1
Scrubber exhaust 6/26 9:55 3121 RESP 5 37 70 53%  496.5 NC
Scrubber exhaust 6/26 9:55 3122 NON 5 313 1
Scrubber exhaust 6/26 9:55 3123 RESP 5 31 47 66%  328.7 NG
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TABLE II. Viable Sampling Results (Continued)
CORRECTED TOTAL Z

SAMPLE LOGATICN DATE TIME PLATE FRAC MIN COUNT CFU RESP CFU/m3 BS
Scrubber exhaust 6/26 9:55 3124 NON 5 16 NG
Scrubber exhaust G/26 1G:08 3129 RESPE 5 156 182 86% 1290, 8 143
Scrubber exhaust 6/26 10:08 3126 KON 5 26 1
Serubber exhaust 6/26 10:08 3127 RESP 5 143 168 85%  1174.8 131
Scrubber exhaust 6/26 10:08 3128 NOW 5 25 B
Scrubber exhaust 6/27 3:13 a512 NON 5 24 110 78% 780.1 D
Scrubber exhaust 6/27 3:13 3513 RE 8P 5 86 3
Serubber exhaust 6/27 3:13 3514 KON 5 25 97 7146% 678.3 &
Scrubber exhaust 6/27 3:13 3515 RESP 5 72 4
Scrubber exhaust 6/27 3:246 3516 NON 5 9 22 50% 156.40 2
Scrubber exhaust 6/27 3:26 3517 RESE 5 13 1
Scrubber exhaust 6/27 3:26 3518 NoN 5 0 0 ird 0.0 1
Scrubber exhaust 6/27 3:26 3519 RESP 5 (] 0
Scrubber exhaust 6/27 4:25 3520 Row 5 4 27 B5% 191.5 D
Scrubber exhaust 6/27 b5 3521 RESP 5 23 0
Scrubher exhauat 6/27 4:25 3522 NON 5 12 32 63% 223.8 8]
Scrtubber exhaust 6727 4125 3523 RESP 5 20 0
Scrubber exhaust af27 4:35 3524 HON 5 9 18 S0% 127.7 1
Serubber exhgust 6/27 4:35 3528 RESP > 9 0
Scrubber exhaust 6/27 4:35 3526 NON 5 8 1é 50% 111.9 0
Scrubber exhauat 6727 4135 2527 RESP 5 g 0
Scrubber exhaust 6/27 L:dif 3528 NON 5 31 50 38% 354.6 4
Scrubber exhaust 6/27 4146 3529 RESP 5 19 6
Scrubber exhaust 6f27 h4ih6 A5330 HON 5 18 a3 45% 230.8 2
Scrubber ezhaust 6727 4:46 3531 RESF 5 15 1
Scrubbar exhaust 6/27 5:02 3532 HON 3 7 8 13% 56.7 1
Scrubber exhaust 6/27 5:02 3533 RESP 5 1 1
Scrubber exhaust a/2? 5:02 3534 NON 5 14 25 447 174.8 4
Scrubber exhaust 6/27 5:02 3535 RESP 5 11 0
Scrubber exhaust 6/28 4:08 3600 KON 5 g 211 96% 1496.5 NG
Scrubber exhaust a/28 B:08 3/01 RESP 5 203 NC
Sarubber exhaust 6/28 B:08 3602 NON 3 3 205 96%  1433.6 NC
Scrubber exhaust 6/28 B:108 3603 RESP 5 197 NG
Scrubber exhaust 6/28 g:22 3508 HON 5 18 215 Q2% 1524.8 NC
Scrubher exhaust 6/28 8:22 3609 RESP 5 197 NC
Scrubber exhaust 6/28 B:22 3610 NON 5 12 209 94% 1461.5 NC
Scrubber exhaust 6/28 Bi122 3b6ll RESP 5 197 KC
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TABLE III. WViable Sampling Summary
Geometric Minimum Haximmm
Sample Location Mean St Dev % Bl Value Value

Fermentor Tank — agltator shaft 339.0 3.1 Na 83.9 2297.9
Seed Tank — agltater shaft 1633,9 1.5 23 1056, 7 4230.8
Serubber 3435.1 4,2 38 0 1702,1
Sanple Port ~ open 1668.3 1.6 77 1312.1 2902.,0
Sample Port — closed 195,5 2.3 19 62.1 490.2
Incubation Room 332.4 1.1 3 297.9 382.0
Clean Rocm 4.4 a1 HA 0 2.8
Mailn Laboratory 147.3 1.1 34 137.3 153.7
Quality Control Labaratory 159.1 1.6 35 90.6 295.3
Dumpster 2400 1.5 HA 11l6l.4 4657.3
Filter Press - open 10599.4 1.8 NA 4484.0 28990.0
Filter Press — closing B8757.5 1.4 A 5320.0 1160L.0
Filter Press — closed 3906,1 2.5 NA 988.0 23588.0
Background - outside 123,2 7.7 7 C 1493,0
Cafeteria 270.2 1.3 42 207.7 313.4
Conference Room 701.5 1.1 51 602.1 781.7
Locker Room 32.9 1.3 NA 7.0 133.8
Office 528,9 1.5 NA 371,5 750.0
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TABLE 1IV.

Enzyme Sampling Results

FILTER FLOW RATE SAMPLE DUST TOTAL DUST ENZYME
SAMPLE LOCATION  DATE NO, (ft3/min) TIMEChe) (ug)  (ug/m3) DU /m3
Tltrafilter 6/25 25=6 45 5.42 70,68 0.171 0.657
Ultrafilter 6/26 25-3 45 6.79 €6.99 0,129 Q.276
Ultrafilcer 6/27 27-3 45 71.57 53.52 0.093 0.230
Ultrafilter 6/28 28-6 45 8.72 136.67 Q,205 0. 637
Candle Filter 6/25 25-5 46 5.05 144,44  0.366 0.316
Candle Filter 6/26 26—6 46 6.068 45, 82 0. 088 0.255
Candle Fllter 6/27 27-2 46 7.57 35.09 0.060 0.205
Candle Filter 6/28 28-2 46 8. 63 52.11 0. 137 0.49%
Blender Tank 6725 25-7 42 5. 07 49,57 0.137 0.339
Blender Tank 6/26 26—5 42 6.6 45,71 Q. 097 0.522
Blender Tank 6/27 26-2 42 7.3 35.21 0,066 0,204
Blender Tank 6/28 28=4 42 B. 65 79.82  0.130 0,738
Fermentor 6/26 25-4 42 744 33.02 (0,062 0,209
Fermentor 6/27 27-4 42 7.81 27.48 0, 050 0.156
Fermentor 6{28 27=5 42 B.3 39.58 0,067 0.60G9
Qutside-Background 6/28 28~1 44 7.68 ¢, 12 0,173 0.269
Blank 25=-1 -0.34
Blank 25~-2 -0, 30
Blank 25-8 -0.01
Blank 261 a, 50
Blank 26-3 0,06
Blank 264 ~1.63
Elank 26=7 -0.58
Blank 27=-1 -0,42
Blank 276 0.23
Elank 28--1 0.23
Blank 28-5 0,95
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TARLE V. Acetone Sampling Results
FLOW RATE SAMPLE ACETONE ACETONE
SAMPLE LOCATION  DATE TUBE NO. {cc/min) TIME(hr) (mg) mg/m3
Filter press 6/25 16> £9.6 0. 94 (0.0L)
Filter Press - rail 6/25 162 51.9 0.93 (0.01)
Filter Press — rail 6/28 173 49,2 0.93 0.0L 3.64
Filter Press — rall 6/28 176 49,2 Q0,95 (0,01)
Conveyor 625 lal 52.2 0.93 (G.01)
Conveyor 6/28 179 51.2 0.95 (0.0}
Conveyor 0/28 174 51.2 0.85 (0.01)
Magh Tank 6/28 181 51,9 0.95 {0.01)
Mash Tank 6/28 177 51,9 0.82 (0.0L)
Mash Tank 6/28 184 51.9 0,99 {0.01)
Blank B/28 164 {0.01)
Blank 6/28 172 (0.01)
Blank 6/28 178 (0. 01}
Blank 6/28 180 (0.01)
Blank 6/28 167 {0.0L)
Blank 6/ 25 17: {0.01)
Blank 6725 166 {0.01)
Blank 627 172 {0.01)

{) = legs than
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TABLE VI. Total Dust SBampling Results

FILTER FLOW RATE SAMPLE TOTAL TOTAL DUST

SAMPLE LOCATION DATE NO. (l/min} TIME(HR) DUST (ug) mg/m3
Blending Tank 1 6/25 102 2.21 6.36 =0.03 0.02
Blendiog Tank 1 6/26 112 2.20
Blending Tank 1 6/27 178 2,21 8.27 0.02 0. 02
Blending Tank 2 6/25 145 2.20 6.35 0,04 0.05
Blending Tank 2 6/26 109 2.20 8.30 .02 0.02
Blending Tank 2 6/27 184 2.22 B.22 0.10 0.09
Blending Tank 2 6/28 189 2.21 8,80 0. 14 0.12
Candlefilter 6/25 111 2.21 6.38 -0.01 0.02
Candlefilter 6/26 101 2,20 8.28 .05 0.05
Candlefilter 6/27 154 2.21 8.26 0,05 0.03
Candlefilter 6/28 160 2.20 8.80 0.19 G.17
Dumpster 6/25 123 2,21 6. 54 0.05 0. 06
Dunpster 6/26 116 2,20 .43 0.03 .02
Dumpster 6/27 192 2.20 8.37 0.21 0.19
Dumpster 6/28 157 2.20 9,00 0. 06 0.05
Dumpster af 25 122 2,21 6,30 -0,01 .02
Dumpater 6/26 114 2,20 8.39 =-G. 01 0.02
Dumpster 6/27 162 2,20 8.35 0,24 0.22
Dumpster 6/28 153 2,22 9,00 G, 31 0.26
Sampling Port 6/25 135 2.21 6. 50 0.06 0.07
Sampling Port 6/26 104 2.20 8.44 -0.07 0.02
Sampling Port 6727 174 2.21 8.35 0.05 0.05
Fermentor Tank 625 13 2.20 6.43 =-0.05 ¢.02
Fermentot Tank 6/26 146 2,22
Fermentor Tank 6/27 148 2.20 8.35 0,07 0.07
Fermentor Tank 6/25 139 2.20 h,42 0. 06 0.02
Fermentor Tank 6/26 115 2,20
Fermentor Tank 6/27 191 2,20 8.37 0.05 0.05
Filter Press = belt ccnveyar  6/25 128 2.21 6.80 0.067 0.08
Filter Press — belt conveyor 6/26 126 2,20 8.39 0.00 0.02
Filter Press - belt conveyor  6/27 156 2.21 §.29 0.30 0.28
Filter Press — belt conveyor 6728 176 2.20 8. 96 0.11 0.10
Filter Press — left 6/25 131 2.20 6.88 -0, 0L 0.02
Filter Press — left 6/26 106 2.21 8.38 -0.03 0,02
Filter Press - left 6/27 178 2.20 8.30 0.21 0,20
Filter Press - left 6/28 170 2.21 8.99 0, 04 0.04
Filter Press - right 6/25 138 2.20 6.89 0.01 0.02
Filter Press — right 6/26 127 2.22 8.38 0,01 0,02
Filter Press — right 6/27 193 2.1 8.28 0.43 0.40
Fllter Presm - right 6/28 168 z.21 8.93 D, 14 0.12
Incubation Room 6/25 130 2.1 7.03 .01 0.02
Incubation Room 6/26 117 2.21 8.38 -0.02 0.02
Magh Treatwment Tank 6/26 105 2,21 8.16 -0,02 0,02
Mash Treatment Tank 6/27 173 2.20 8.37 0,05 0.05
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TABLE VvI. Total Dust Sampling Results {continued}

FILTER FLOW RATHE SAMPLE TOTAL TOTAL DUST
SAMPLE LOCATION DATE HO. (1/min) TIME(HR) DUST (ug) mgfm3

QC Laboratory 6/26 11¢ 2.21 8.31 0.06 0.06
QG Laboratory 6/27 180 2,20

Eecovery — dump station 6/25 142 2.20 6.74 0.Q0 0.02
Recovery = dump station 6/26 107 2.20 8.40 -0.02 0,02
Recovery — dump etation 6/27 161 2.21 9.02 4.29 3.59
Recovery - work table 6/25 129 2,20 6.76 0.05 0.06
Recovery — work table 6/26 125 2.21 8.40 0.06 0.06
Recovery = work table 6/27 153 2.21 8.32 0.15 0.14
Serubber 6/25 121 2.20 6.45 ¢.01 0.02
Scrubber 6/26 144 2.21

Scrubber 6/27 175 2.20 8.29 Q.04 0. 04
Saed Tank 6/26 136 2.20 8.26 0.09 0.09
Seed Tank 6/27 183 2.21 3.18 Q.06 0.06
Ultrafilter 6/25 141 2.22 6.30 0.10 0.12
Uitrafilter &/26 140 2,21 8.27 -0, 01 0.02
Ultrafilter 6f2? 147 2.20 3.28 0.05 0.05
Blank 6/28 150 0.01

Blank 6/28 168 -0.02

Blank 6/28 164 0.02

Blank 6/ 26 119 =0, 10

Blank 6/26 120 -0.03

Blank 6f 206 132 -, 0b

Blank 6/26 124 -0.08

Blank 6/26 108 ~0. 04

Blank 6/25 143 -0,32

Rlank 6425 134 -, 05

Blank 6/25 137 =0.06

Blank 6/25 113 -0. 06

Blank 6/25 118 ~0.07

Blank a/25 133 -0, 07

Elaopk 6f27 152 -0, 04

Blank 6/27 151 0.02

Blank 6/27 177 0.02

Blank 6f27 182 Q.09

Blank 6f27 172 0.01
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TABLE VII.

Explorarory Viable Sampling Resuits

COLONY TOTAL CFU

SAMPLE LOCATION PLATE MIN COUNT CElU per m3
Maln Laboratory 1 20 91 151 266.8
Main Laboratory 2 20 60
Maln Laboratory 3 10 37 65 224, &
Main Laboratory 4 10 28
Main Laboratory > 2.5 - — S
Maln Laboratory 6 2.5 9
Main Laberatory 5 20 ) 141.3
Main Leboratory 8 5 20
Clean Room 175 2.5 3 4 56.5
Clean Room 176 2.5 1
Clean Room 177 13 26 a8 239,2
Clear Room 178 13 b2
Clean Room 179 20 50 85 150.2
Clean Room 180 20 35
Fermentar = agitator shaft 81 15 1316 1672 3938. 8
Fermentor — agitator shaft 82 15 356
Fermentor — agitator shaft 83 15 1208 1531 3606. 6
Fermentor - agitator shaft 84 15 323
Fermentor = agltator ehaft 86 2.3 22 103 1455.8
Fermentor - agitator shaft 87 2.5 51
Fermentor — agltator shaft 88 2.5 27% 636 8989.4
Fermentor — agltator shaft B9 2.5 357
Scrubber 91 15 302 1326 3123.7
Scrubber 92 15 1024
Scrubber 93 2.5 58 110 1554.8
Scrubber 94 2.5 52
Scrubber 95 3 187 LG4 3491.2
Scrubber 26 3 307
Scrubber a7 3 270 592 4183.7
Scrubber 98 5 322
Filter Prese 9 16 244 400 1413.4
Filter Press 10 10 156
Fllter Press 11 20 142 319 563.6
Filter Press 12 240 177
Filter Prass 13 2.5 120 205 1897.5
Filter Press 14 2.5 85
Filter Press 15 10 B34 1060 3745.6
Filter Press 16 10 226
Filter Press 17 2,5 41 89 1258.0
Filter Press 18 2.5 48
Filter Press 19 20 2304 3276 5788.0
Filter Press 20 20 472
Confetrence Room 30 20 331 618 1091.9
Conference Room n 20 28]
Conference Room 3z 20 361 688 1215.5
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TABLE VII. Exploratory Viable Sampling Results (Continued)

COLONY TOTAL CFU
SAMPLE LOCATEION PLATE  MIN COUNT CFU per m3

Conference Room 33 20 327
Conference Room 34 1Q 197 173 1318,0
Conference Room 35 10 176
Conference Room 36 10 176 159 1303.9
Conference Room 37 10 153
Conference Room 38 6 600 711 4187.3
Conference Room 39 6 111
GConfetence Room 40 6 191 126 1919.9
Conference Room 41 6 135
Background - outside 60 20 197 410 367.,5
Background — putside 61 20 213
Background = oputside 62 20 241 429 494,7
Background - outside 63 20 188
Background ~ outside 66 20 223 405 333.4
Background - outside 67 20 181
Background - outside 68 2,5 65 938 3222.4
Background — outside 69 2.5 163
Background - outside 70 2.5 91 239 3378.1
Background — outside 71 2.5 148
Background - outside 72 2.5 a3l 126 1780.9
Background — outside 73 2.5 75
Background = putalde 74 5 65 —_— —
Background — cutside 75 5 —
Background - outside 76 5 23 111 784.5
Background - cuteide 77 5 a8
Background - outside 78 5 73 121 855.1
Background ~ cutside 79 5 48
Background - cutside 42 2.5 18 26 367.5
Background = cutside 43 2.5 8
Background - outside 44 2.5 138 35 594,7
Background - outside 45 2.5 17
Background — outside 46 2.5 14 95 353.4
Background = outside 47 2.3 11
Background = outside 48 20 251 505 892.2
Background - ocutside 49 20 254
Background — outside 30 20 232 193 604 .3
Background -~ outside 5l 20 151
Background — oputaide 52 20 263 560 1005.3
Background - cutside 53 2 306
Background = putside 54 5 16 14 240,3
Background - ocuteide 35 5 18
Background - outside 36 5 20 48 339.2
Background — outside 57 5 28
Background - outside 58 3 B 23 162.5
Background — outside 59 5 15

35





