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I. INTRODUCTION

The National Imstitute for Occupatlonal Safety and Health (NIOSH) is the
primary Federal agency engaged in oeccupaticnal safety and health research.
Locatad in the Department of Health and Human Services {formerly DHEW), it was
established by the Occupational Safety and Health Act of 1970, This
legislation mandared NIOSH to conduct a number of research and education
programs separate from the standard setting and enforcement functions carried
put by the Occupational Safety and Health Administration (0OSHA) in the
Department of Labor. An important area of NIOSH research deals with methods
for controlling aceupational exposure to potential chemfcal and physical
hazards. The Engineering Control Technology Branch {ECTB) of the Division of
Physical Sciences and Engineering has been given the lead within NIOSH to
study the eagineering aspects of health hazard prevention and control.

Since 1976, ECTB has conducted a number of assegsments of health hazard
control technology on the basis of industry, commen industrial process, or
specific control techniques, Examples of these completed studies include;
abrasive blasting,l the plastics and resins industry,2 foundry

uperations,3 spray painting and coating,” and coke cven emissiens.? The
objective of each of these studies has been to document and evaluate effective
contrel techniques for petentlal health hazards in the industry or process of
interest, and to create a more general avwareness of the need for or
avallability of an effective system of hazard contral measures.

These studies involve a4 number of steps or phases. TInitizlly, a series of
walk-through surveys are conducted to gelect plants or processes with
effactive and potentizlly transferable control cencepts or techniques. Next,
n~depth surveys are conducted to determine hoth the controel patameters and
the effectiveness of these controls. The reports from these in-depth surveys
are then used as a basis for preparing technical reports and journal artieles
on effective hazard control measures. Ultimately, the information from these
resaarch activitles bullds the data base of publicly avallabhle Informaticm on
hazard control techniques for use by health professicnels who are responsible
for preventing oecupational 1llness and injury.

Background for this Study

NIQSH's research responsibility extends to hoth existing and emerging
technologies which may affect worker health and safety. The attempt to
examine new techrologies for potential occupational hazards focuses on those
technologies which have high growth potentials or for which exposures to
particular agents have not been fully characterized. In past research
activities, NIOSH has been instrumental in the development of recommendatlons
for safeguarding the workers health from exposure to occupaticnal hazards.
Implemantation of safeguards and protective engineering contrels early in the
growth of an industry will minimize occupational health problems and avold
expensive retrofitting of productiom systema,

NIOSH 1is currently interested 1in evaluating the potential hazarde and their
control for applications of biotechnology and recombinant DNA {(rDNA)., ECTB's
involvement in this NIOSH evaluation is to assess the contrel technology being



emploved to minimize the potential for occupational health hazards in the
enzyme fermentation industry, The reaults of this control technology
assessment will be used to develop an informational database that could be
gxtrapolated to other fermentation product technologies. Previous NIQSH
research into biotechnolegy includes a study of six companies employing rDNA
tectmiques in their research activitles or theilr process operations. This
sarlier study, conducted by the Division of Survelllance, Hazard Evaluation
and Field Studies, was published in a NIOSH report and a journal article.ﬁxi

The ECTB study 1s focused on conventicnal enzyme fermentation process
operations. Several factors contributed to the final decision to focus on
thise industry. First, the products manufactured in the overall fermentation
iadustry, although dissimilar entities, are produced with a somewhat
standardized process cechnology. Product recovery operations may vary with
the product propertied, source microorganisms, and base solvents used, but the
basic fermentatiom technology remains essentially the same. Second, the
diversity of the fermentaticn lpdustry would regquire different envirommental
alr sampling and amalytical methodologies for each product aad source
mleroorganicn studied. Narrowing the ffeld of investigation satisfied the
need to limit the "products” stuwdled in order to winimize sampling and
analytical methods development requirements, Third, there was a good
probability of finding well controlled processes in the enzyme industry.

Last, there existed limited resaurces (including maapower and finances) with
which to conduct this study and time constraints on its completion. Initial
studles of various enzyme production plants identified several well coatrelled
processes. Additional studies may evaluate other aress of the fermentation
lndustry including antibiotle, hormone, and steroid prodaction,

This control technology assessment of enzyme fermentation processes alLtempted
to identify effective controls applicable to processes involving
microorganisms, processing chemicals, and blologlecally active products or
intermediates, The documentation of effective controle and recommendations to
minimize exposure in the enzyme fetmezntatlon industry are among the primary
objectives of thils assessment. Recognilzing that the enzyme Industry only
represente a small segment of the biotechaclogy industry, the collected data
and subseguent evaluation will help to establish a baseline of information on
the equipment {and related safety and health programs and practices) currently
uged In enzyme fermentation operations. This baseline of information will be
available for transfer to other fermentation technologies, either those
involved with rDNA technology or those wtilizing conventional technology.

Plant Selection

Selecticn of plants for inclusion 1n thig study of enzywe fermentation
processes as in—depth surveys was based om a number of criteria. First, the
plant {or paremt company) should be a major manufacturer of industrial enzymes
or have extensive experience related to fermentatiom technology. Second, the
process ocperations 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 comeercial production
capacity. Third, the plants should exhibit an expressed concern for the
safety and health of the workers. This would inveolve adherence te any or all



of the aspects of control technology to protect the worker including
engineering controls, perscnal protective equipment, work practices, and
industrial hygiene monltoring.

Miles Laboratorles, Inc. met alil three of the in-depth survey selection
criteria requirementa. Miles 1s a major manufacturer of industrial enzymes
usgd In the processing of dafry and food products. Miles, as a subsidiary of
Bayer A/G of Germany, has available a broad base of experience razlated to
enzyme fermentation technology, In addition antiblotic production. Miles has
demonstrated = strong interest in worker safety and heslth by applying control
measures to limit the potential exposure to hazards, employing an
environmental monitoring program, requiring the use of protective equipment
for certain tasks, and other such methods,

The in-depth survey of Miles was conducted on November 18-22, 1985, to
evaluate the controls and contaloment capabilities of their carbohydrase
enzyme manufacturing process. This report documents the information pertinent
to that evaluation.

II. FPLANT AND PROCESS DESCRIPTION

Plant Deseription:

The Miles enzyme operation is contained in the larger Miles Laboratories, Inc,
plant complex in Elkhart, Indiana. Miles has been producing an c—amylase
engyme in the Elkhart facility since March 1982. The parent company, based
out of Germany, 1s Bayer A/G.

Enzyme production is A 4 shift operaztion maintained 7 days per waek, 24 hours
per day. The enzyme plant employs less than 100 workers including production,
maintenance, and laboratory workers. The hourly workers are represented by
the United Steelworkers of America, Local 12273,

The laboratory, located in the enzyme plant near the production process, 1is
uged for both quality control, seed culture productlen, and process monitoring.

Process Description:

Miles produces the industrial enzymes w—amylase and glucocamylase, Aspergilius
niger, 2 eucaryotic fungus, 1s used for the production of glucoamylase, and
Bacillus licheniformis, a procaryotie bacterium, {a used for the praduction of
o-amylage. Both straing of microorganisms are non-pathogens.

The manufacture of the industrial enzymes is accomplished using a six step
process filow: raw materials - medium preparation; laboratory = mierobial
prepavation; inoculation - microbial growth; fermentation = product
biosyntheals; process recovery — product extraction; and final product
packaging. All process steps of the enzyme operation are executed in the same
plant bullding. The process flow follows a “"horseshoe” pattern through the
building =~ raw materials antering on one side of the building and the fimnal,
packaged product exiting on the same side, adjacent to the raw materials.



The raw material specifications used in the nutrienr preparation process step
are tightly controlled tc prevent contaminants that would inhibit organism
growth or enzyme production. Requirements for the nutrient medium include:
water; carbon from carbohydrate sovurces; nitrogen from protelns and amino
acida; minerals; and a buffer system. The raw matertals are deposited Into
individual hoppers to be subsaquently mixed with the remaining required
mitrients in a batehing tank. This mixture fs sterilized and added to the
deep-tank reactor vessels, the seed and fermentor tanks, during the
fermentation proceas step.

The laboratory end inoculation process steps are where inltial development,
preparation, growth, and maintenance of the selected microorganism cultures
arz accomplished before berng used for large—scale fermentation, All
pertinent microblological coperations within the laboratory are conducted using
sterile equipment with aseptic transfer to ensure pure, uncontaminated culture
mediuma, The selected culture 1s grown {from stoek cultures and propagated in
shaker flagks), harvested, subdivided, and then stored at the appropriate
conditions to maintailn its viability and purity. Microbial cultures are
transferred manually and aseptically inoculated, maintaining pure cultures,
into the seed tank for the first segment of the fermentation ptrocess step. The
laboratory is not only used for seed preparation but also in-houge quality
control work.

Miles utilizes a two-phase operation in their large~scale fermentation process
step = this minimizes the pessibility of contaminating large quantities of
culture media and oprimizes the use of expensive equipment, In the first
phase, the seed fermenter containling a sterlle nutrient medium iz inoculated
with the selected microblal culture prepared in the laboratory. The seed
fermentor is designed to promote the growth of the microbial population to the
level necessary for proper fermentation In the deep-tank reactor veasel, The
bateh mixture is serated and mechanically agitated antil the optimum level of
blomass 1s achieved. The final contents of the aeed fermentor is aseptically
transferred to the large fermentor (deep~tank reactotr vessel).

The second phase of the fermentation process step {s where "fermentation"
essentlally occurs apd the product of intereat 1s biocloglecally synthesized. A
submerged, bateh fermentation process is employed using a standard deap—tank
reactor vessel with a top-mounted mechanical agitater and a bottom alr
sparger. Proper temperature comnditions are maintained with cooling jackets or
baffles. The fermentor tank, containing the pre-sterilized nutrient medium
frow the batching tank, is inoculated with the blomass broth from the seed
fermentor, This gew broth mixture is aerated, mechanically agitated, and
allowed to ferment for biomass growth and finmal production of the desired
enzyne. The composition of the medium used in each phase iz ecarefully
controlled to promete maximum growth of the organism and/or enzyme production.

Measurements are performed contilnuously during the fermentatlon process step
to check apecific parameters of the biomazs broth. Thess measurements are
predeminantly computer contrelled or monitored and include process parameters
such as temperature, pH, nutrient addition, anti-foaming agent additiom, air
flow Tate, back pressure Iin the wvessel, ste. Other typical measzurements
monitored are the ZC0z and Q2 in the exhaust gas, the power consumption of



the agltator motor and the RPM's of the agitator. Manual samples are alsa
extracted periodically from a port valve on the large fermentor tank for
analysis in the laboratory.

In process recovary, a solid~liquid separation techoique (rotary vacuvm drum
fllter system) is urilized to extract the product enzyme ftom the biomass
broth mizxtute . The enzyme slurry 1is pumped to the filter system
{diatomacecus earth Is used as a precoat} where a major portion of the
suspended splids are separated from the enzyme liquid. A stellite doctor
blade shaves off the filter cake and a fraction of the diatomacecus sarth
precoat. The solid wastes from these operationa are discharged to dumpsters
and transported to landfills., The enzyme ligquid is then be concentrated with
an evaporator, The last step in process recovery, 1s the final pelishing or
purification of the concentrated enzyme accompliehed with a filter to remove
unwanted bacterlial contamivation.

The final processing step in the Miles enzyme manufacturing process, fimal
product packaging, 18 to formulate and package the concentrated enzymes.
Formulation involves standardizing the activity of the liquid enzyme and
adding preservatives in a nmechanically agitated mixing tank. The £inished
enzyme product is then packaged in headpacks, drums, or & bulk taak truck.

Potential Hazards:

The generic potential for exposutre £o hazards in the cccupational environment
within ths general fermentation industry is a three—fold problem. Expasure
may involve potentially hazardous microorganisms (innate as-well-as
genetically modified), toxic processing chemicals, and biologically active
products or Intermediates,

Presently, the microorganisms used by the enzyme industry, inclusive of the
overall fermentaticn industry, for fermentation operations are non—pathogenic
in nature. But future involvement with rDNA technoleogy may produce
microorganisms in need of more stringent conteinment requiremente and equally
stringent programs in occupaticnal safety anrd health due te the increased
heslth risks that they may pose to the exposed worker. Miles uses a strain of
Barillus licheniformis, a non~pacthogena, for the selected enzyme manufacturing
opatationg, Increasing attention is being focused upon the potential for
immunologlc response, after repeated I1nhalation, to a variety of orgamic
materials including microorganisms. There sre currently no reports of these
effects In the enzyme Industry. C(ases of hypersensitivity pneumonitis have
been documented in individuals exposed, in the oecupational environment, to
fungd, thermophilic actinomycetes, as well as amimal proteins.

Diatomaceous earth (amorphous silica} is used in the concentration and
purification processing step as a precoat on the drum of the rotary drum
vapwgm filter. Amorphous silica can affect the body 1f it 1s Inhaled or 1f it
comes In contact with the eves. Prolonged inhalatfon of amorphous silica
including uncalcined diatomaceous earth may produce xX-ray changes in the lungs
without disability. The current 0SHA standard for amorphous silica is the
quotient of 80 mg/m3 divided by the percent silica present. The Aperican
Conference of Govergmental Industrial Hyglenists {ACGIH) recomnends a maximum
exposure of 10 mg/m? over an eight hour wark shift.B



Acids and bases are used to adjust pH levels of biomass broth mixtures or
concentrated enzyme liquids throughout the enzyme production process; both
acids and bases will cause burns. Dependent upon the compound being used and
its degree of hazard potential, protective clothing should be worn and the
appropriate control techniques implemented to prevent potential contact or
exposure to these agents.

The enzyme molecule consists of 3 chain of amino aclids arranged in a specific
geometric configuration. This protein structure, as is with the case of many
proteinaceous materials, will cause immunologic responses in susceptible
persons due to the inhalation of these antigens. Repeated lohalation of
enzyme dust may provoke respiratory allerpies (hay fever, asthma) ok 1llnesses
(rhinitis) in individuzls who have become sensitized to a specific
enzyme=protein gtructure. Sensitization reactions may vary from mild to
aevere dependent upon the particular individual exposed. Some enzymes,
proteclytic enzymes as an example, have been shown to cause contact dermatitis
to exposed areas of moist skin, eyes and mucous membranes. The majority of
docunented case studies of persons exposed to enzymes has focused upon the
immunologic responses due to the inhalatien of or skin irritaticn due to the
contact to enzymatflc dustsa.

1I7. METHODOLOGY

Ta effectively evaluate the coutrals and equipment in place at Miles,
environmental air samples wers taken at strategic locations believed to
duplicate workplace exposures and indicate emission sources. The major pieces
of equipment used in thils evaluatleon are listed in Table I of the Appendix.

Viable Sampling

To determine concentrations of airborne mleroorganisme around unit processes,
the Andersen 2-stage viable sampler was used at a flow rate of 1 cubic foot
per minute {CFM). Locations for viable samples include the laboratory,
inoculum tank, seed fermentors, fermentor taoks, fermentol sample port,
centrifuge, vacuum filter, the drop tank room, areas cutdoors, and a
laboratory office, =-- the latter three sample sites were selected to give
approximations of normal background levels. Some area samples were taken as
gide~by-side (two Andersens) samples to monitor varlability of the microbial
eir samplers. The samples were collected over a four day period, most sites
were sampled for two days, Sample times varied from 20 minutes down to 10
minutes depending on the sample location. For example, a samplipg time of 20
minutes was used in areas where microbial concentrations {in the laboratory)
were expected to be low and a 10 minute sampling time was used in areas of
higher microblal concentrations {around centrifuge operations). Standard
Methods Apar was used as the sampling media in each stsge of the viable
ganpler. The 50% effective cuteff diameter for the top 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
Contraol (CBC) microbiologist and a NIOSH biologiszt. The primary goal of the



mictobiological anslysis was to determine the numbers of the production
microorganism in the air at different locations in the plant. All air
sampling plates were counted at 24 hours using standard colony counters.
Colonial morphology was compared with that of the preduction strain of the
same age and on the aame medium. Where possible, colonies resembling the
production strain were included as a separate count, A percentage of these
typical colonles were atreaked to Standard Methods Agar (with Macganese} for
isolation and identification, Colonies were identified by gram stain and/or
the Rapld CH kit manufactured by APT System, S.A. This ddentification scheme
consists of 4% blochemical tests read at 24 and 48 hours, Results were
compared to the Rapid CH profile of the index strain.

Sample results are in terms of Colony-Forming Unite per cublc meter of air
(CFU!m3) with percentages of the production strain, where availzble, Sample
concentrations around process operations are compared to background samples to
help ascertain the degree of microorganlsm release from manufacturing
processes.

Total Dust Sampling

Total dust samples were collected using General Metal Works high—volume
samplers and high efficlency {pre-weighed) 8" by 10" glass fiber filters at a
flow rate of approximately 40 CFM. The samplers were strategically positioned
at fixed locations in the plant best sulted to estlmate exposure comditions
and isalate points of dust release. Locations for the high-velume samplers
included the fermentor, centrifuge room, rotary filter, dump station, and
background locations. Samples were collected for up to eight hours per
workshift over a four day pariod. The 8" x 10" glaas flber fllters were
weliphed before sampling on a Mettler AE 163 balance. The instrumental
precision for one sitting is 0,01 mg. After sampling, the filters wete
equilibrated in the laboratory environment {cooled and dehumidified) and
reweighed on the same balance. The differemce in filter weights were recorded
as total weight per filter.

Total dust samples were also collected oo 37 mm, 53 um pore size PVC filters at
an approximate flow rate of 2.5 liters Ber minute (lpm) with Dupont 2500 pumps
according to the NIOSH method Ns. 0500. Samples were collected for up to
eight hours. The pumps were calibrated prior to the field survey. Sample
locations included the bag opening station and bag dump station. The FVC
filters were pre-walghed in the Miles laboratory (on a Mettler AE 163 balance)
and re-welghed under the same conditiens after sampling. The difference
between the initfal weight and the weight after sampling is given as total
welght per filter.

1V. RESULTS

The results of the viable air sampling analyais are reported in the appendix
in Table 11 and are summarized in Table 1. Arithmetic averages were
determined for each particular location and day; and for each location a
gecmetric mean concentratlon was calculated from the daily averages.
Background samples were collected both inside and outside the plant. Because



Table 1. Viable Sampling Sumunary

St. Geo,
Sample Location Date  Number Average Dev. Mean

Sample Potrt-Fermentor 3 18-Nov 4 2993.8 117.7 372.51
21-Nov 4 462.9 62.3

Agitator Shaft-Fermenter 3 16-Nov 16 lel.7 108.3 256,51
21=Nov 12 406.9 116.4

Centrifuge 19-Nov 10 823.7 482.4 932,83
20-Nov 22 1102.2 1160.7

Rotary Vacuum Belt Filter 20-Nov 9 3040.0 1402.0 2797.00

by knife edge 21 -Now 12 2154.0 364.0 2124.00

Rotary Vacuum Belt Filter 20-Nov 9 335.0 31.¢ 333.00

at ceonveyor tramsfer polnt Zl~-Nov 12 319.0 B3.0O 308,00

Background-Drop Tank Room 3rd Floor 19=-Nov & 113.9 Is2.6 205,65
21-Nov 15 371.3 280.3

Background—-Qutside West 2nd Floor 1%-Nov & 38.4 L.4 50.99
20-Novw 3 67.7 10.2

Background-Laboratory &4th Floor 19-Nov 2 30.0 3.3 20,35
20-Nowv 5 13.8 9.7
Background=-Room Adjacent to Incubationo 18-Nov 4 2.2 2.3
Agitator Shaft-Seed Fermentor 1 19-Nov 30 141.8 167.4
Clean Room 20~How & 0.0 0.0




the entire fermentatlon process was under roof except for some holdimg tanks,
the primary background samples were taken inside in the drop tank room away
from the najor process equipment. Samples were taken on two days in the drop
tank room: on November 19, microbial IEVEIS averaged 114 CFU/m-? with an
arichmetic standard deviation of 163 CFU!m and un November 21, averaged

371 CFU/m3 with a standard deviatton of 280 CFU/m3. The geomerric mean
concentration for the drop tank room for both dates was 206 CFU/m3. ©On
November 21, the drop tank room results showed microbial levels decreased from
relatively high levels (355-875 CFU/m?) in the morning to lower levels
(72-127 CFU/m*) in the afternoon. This major de¢rease in microbial levels
could not be explained.

Outside background samples were collected on two davs. On November 19,
microbial lavels averaged 38 CFUfm with an arithmetic standard deviation af
4 CFU/m3; and on November 20, averaged 68 CFU/m3 with a standard deviation
of 10 CFUXm3 Outside temperatures were 55° and 30°F on November 19 and 20,
respectively. The geometric mesn for both dates was 51 CFU/m3.

Viahle samgles collected around selected unit processes ratged from averages
of 0 CFU/m3 in the clean room to 1,440 CFU/m3 around the rotary vacuum
filter. The arithmetic average microbial concentrations around the vacuum
filters were 1,690 CFUfm and 1,240 CFU/m3 on November 20 and Hovember 21,
respectively. (The geometric mean for the two dates was 1,440 CFU/m3. ) The
next highest levels accurred in the centrifuge room with 82& and 1,100
CFU/m3 on November 1% and 2Q, r39pectivelg The geometric mean
concentration for both days was 953 CFU/m¥, The centrifuges were operating
while samples were being callected.

Viable samples were also collected for two days at the fermeantor sample poit,
fermentor agitator shaft, and in the laboratory. The geometric mean microblal
concentration {calculated fram the daily arithmetic average) was 372 CF/m’
for the fermentor sample port, 257 CFU/m? at the fermentor agitator shaft,

and 20 CFU/m3 in the laboratory. Samples taken at the geed fermentox
agitator shaft for one day averaged 142 CFU/m3,

Microbial levels at each sample location in the pracess hullding were compared
with average background levels {drop tank area — 3rd floor) inside the
building. T-test results showed the average microbial concentrations near the
centrifuges and at the vacuum filter knife edge were significantly higher than
indoor background levels; average microbial levels at the gample port,
fermentor agitator shaft, seed fermentor aglitator shaft, and wvacuum Filter
transfer point were not significantly higher than the indoor background
levels. Clean room wicrobial levels were significantly lower than background
levels in the 4th floor laboratory. All samples were blank corrected.

Quantitative results for the production organism were obtained for November 18
and 19, qualitative results were obtained for November 21. (The
microbiologist was hospltalized during the survey and quantitative production
organism data were not available fotr November 20 and 21.) The percentage of
counted colonles ldentified as the productien corganlsm was an average of J for
the ceatrifuge and 1 to 3 for the sample port, large fermentor agitator shaft,
and seed fermentor agitator shaft, None of the indoor or outdoor background



sample colonies were idencifled as being the production organism. Qualitative
results indiceted a large number of the counted coclonies were the producticn
grganism at the rotary vacuum filter knife edge, and some celonles were the
production organism at the rotary vacuum filter transfer paint.

Results of total dust collectied with the high-volume air ssmpler are reported
in Table ITI, Tetal dust geometric mean concentrations ranged from 0,08
mgfm3 by the Fermentor agitator shaft and near the rotary filrer to 0.50
mg/m outgide the dump station roowm. Geometric mean total dust
cnncentrations in the centrifuge room was 0.09 mgfm and In the drop tank
area 0.12 mg/m3, High—volume total dust samples were taken for four days at
each location, except for the fermentor agitator shaft which was sampled for
three days.

Total dust samples were alse collected on 37 mm pore size PVC filters and are
reported io Table IV. The samples WEre taken in the raw materials ares and
ranged from less than 0,1 to 0.4 mg/m>. Results for both the high—volume
and PVC samples indicate total dust levels well below the ACGIH recommended
standard for nmuisance dust of 10 mglm .8 An samples ware blank corrected.

V. COHTROL EVALUATION
PRIRCIFLES OF CONTROL

Occupational exposures can be controlled by the application of z number of
well-knowa principles, including engineering measures, work practices,
personal protection, end monitoring. These principles may be applied at or
neatr the hazard source, to the general workplace enviromment, or at the point
of occupational exposure to individuals, Contrals applied at the source of
the hazard, including engioeering wmeasures (material substitution,
process/equipment modification, isclation or automation, local ventilation)
and work practices, are generally the prefertred and most effective neans of
control both in terms of ocecupational and envirommental concerns. Controls
which may be applied to hazards that have escaped into the workplace
envircnment include dilution ventilation, dust suppression, and housekeeping.
Contrcl measures may also be applied near individual workers, including the
uge of remote control rooms, isolation booths, supplied-air cabs, work
practices, and personal preotective egquipment.

In general, a system comprised of the above cantrel measurea is required to
provide worker protection under normal operating conditions as well as under
conditions of process upset, fFailure, andfor maintenance. Process and
workplace momnitering devices, personal exposure monitoring, and medieal
monitoring are important mechanisms for providing feedback concerning
effectiveness of the controls in use. Ongoing monitoring and maintenmance of
controls to insure proper use and operating ceonditionsg, and the educaticn and
commitment of both workers and management to occupational health are also
important ingredients of a complete, effective, and durable control system.
Thes¢ principles of control azpply to all situwations, but their optimum
application varles from case to case,
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ENGINEERING CONTROLS

Milez' enzyme productlon operation is a predominantly closed system once the
pTocess has graduated from the laboratory to the large-acale fermentation
precess steps, There appears to be limlted potentlial for exposure to the
microorganiems involved In the fermentatlom processes or the enzyme products
of these microorpanisms, All growth =snd holding tanks are closed during
process operations. Batch broth mixtures ot concentrated liquid enzymes are
transferred between eeparate unit operations from the fermentatien process
step to the enzyme standardization process step by a steam sterilized pipe
network. Employee contact with the production process operation, once the raw
materisls have been deposited Into their lndividual cantalner vessels untll
the vacuum filter step, is minimal other than for equipment maintemance or
manual broth sample extraction.

Laboratory Pracess Steps:

Emiseion sources of the production microorganisms, Bacillus licheniformis, in
the laboratory are:t the clean room during transfer of the BL cultures from
vial to test tube, test tube to flask, and flask to inoculating devices; and
in the lzboratory during biochemical analysis of broth samples from the seed
and fermentor tanks. The laborstory 1ls on 2 separate ventilation system from
the production area.

The clean »oom is located in a separate room next ¢0 the main laboratory area
and the door ke the room is kept closed. Workers entering the clean room nust
wear disposable shoe covers. Ailr samples collected in the clean room for ome
day showed microblal levels to be zero CFUfm3 (Table 1), Ganeral axea

samples taken In the laborstory (ﬁth fleoor) on separate days showed micreblal
levels avermged 30 and 14 CFU/m> on the first and second sample dates,
respeetively. The arirhmetic standard deviarions fer the two days were 4 and
10 CFU/m?, respectively. Microblal levels for hoth days was 20 mg/m3
{geometric mean).

A third set of samples were collected in a small office connected to the
labaratory. The docr between the laboratory and office is kept open.
Microbial levels in this room taken for one day averaged 2 CPU/m? and the
arithmetic standard deviation was 2 CFU/m .

Fermentation Process Step:

Mipor petentlal for release of gercsollzed viables exists at certain sites
dround the seed and fermentor tanks. These sites lanclude the broth sampling
ports and agitator shafts. Broth sampling at the fermentor tanks was an
intermittent operation, Tha sample port valwe is closed and coantinuously
steam scaled when not in use to prevent contamination of the culture broth.
The steam seal also appeared to be effective in preventing the escape of
viables from the sample port. During sampling, the steam seal 1s turned off
and a shake flask and/or beaker is filled with broth. It takes about 5
seconds to fill a bezkar. After sampling the valve is shut off, the steam is
inereased to bleed the valve of remaining contamimaants. A local exbaust hoed
is attached to the sampling port valve to help reduce emissions during the
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manual brath sampling. The exhaunst hood appeared to capture the bleed stream;
but was unable to capture the purge stream. Average arithmetic concentrations
for mlcrobial samples were 300 and 463 CFU/m3 on the first and second sample
days, respectively. Microbial levels during manuasl gampling at the ferpentors
for two days averaged (geometric mean} 373 CFU/u?. The percentage of

counted ccolonies identified as the production organism averagad 2 for the
sample port,

The agitator shafts for the seed fermentors and the large fermentors have
double, mechanical steam—sealed tungsten—against carbon seazls. Sample resvlts
around the seals of the seed fermentor agitator shaft showed an average
(arithmetfic) concentration (one day sample) of 142 CFU/m3 with an arithmetic
standard deviation of 167 CFU/m3. Around the seals of the large fermentor
agitator shaft the average microbial level and the arithmetic standard
deviation for the first day sampled were 162 CFU/m) and 108 CFU/m3
respectively, and for the second day were 4Q7 CFU/n? and 116 CFUhma,
respectively. The geometric mean concentration for both days was

257 CFU/m3. The percentage of counted colonies identified as the production
organism was an average of 3 at the seed fermentor aglitater shaft, and less
than 1 at the large fermentor agitator shaft. Total dust samples, collected
next to the fermentor agitator shaft on three days, showed a geometric mean
concentration of 0.8 mg/m3.

Recovery Frocess Step:

In process recowvery, the product enzvme, c—amylase, was separated from the
blomass broth mizture by a rotary vacuum drum fllter. The enzyme slurry from
the farmentor or drop tank is pumped to the vacuum filter {(dlatomacecus earth
is ueed as a precoat) where the solids eollect oo the dtum, and the liquid
portion (enzymwe) is pumped to the concentration process., The solids are
removed from the vacuum filter drum by a stellite blade and drop to a cenveyor
belt which discharges to a duntpster. Potential soutrces for microbial
enisslons are the vacuum filter itself, the filter solids dropping on the
belt, and the conveyor belt. Samples were collected on the rotary vacuum
filrer for two days. Omn the first day, the average microbial level was

1,688 CFU/m? and the arithmetic standard deviatian wag 1,677 CFU/m3; the
second day the average level was 1,237 CFU/m? and standard deviatlon 955
CFU/m3. Samples taken at the vacuum filter were taken at two locations:

one right next to the vacuum filter belt near the stellite blade; the second
was several feet from the vacuum filter at the conveyotr transfer point.
Average microbial concentrations for samples next to the vacuum filter were
3,040 CFU/m3 on day 1, and 2, 154 CFU/m? on day 2; and at the conveyor
transfer point were 335 CFUim on day 1 and 319 CFUfm an day 2.

Qualitative results showed mzny of the counted colonies were the production
organism at the knife edge, while some of the counted colondes were identified
as the production organism at the transfer polnt.

Total dust concentrations collected near the vacuum filter using the
high-volume sampler averaged 0.08 mg/m3 (geometric mean).

Each centrifuge was equipped with a2 hood surrounding the centrifuge
discharge. The centrifuge room was sampled on two days with samplers placed
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gt two locations: one next to centrifuge #1 and the other mext to centrifuge
#2, Average microbial levels for both samplers was 824 CFU/md (arithmetic
standard deviation was 482 CFU/m3) on November 193 1,102 CFU/m? (standard
deviation was 1,161 CFU!ma} on Novembar 20, These levels are well above
background microbial levels in the production area which averaged 114 CFU/m7
on November 19, and 371 CFU/m? an November 21. Both centrifuge and
production area background samples were taken on Nevember 19: centrifuge
samples were callected between 1530 and 1630 hours and background samples from
1030 to 1330 hours, The percentage of counted colonies identified as the
production organism averaged 5. Total dust samples taken 1n the centrifuge
room averaged {geometric mean) 0.09 mg/m3.

All dumping statione for raw materials are equipped with loecal exhaust
ventilation hoods with bag filters built into each exhaust. The hoppers, into
which the raw materials are deposited, are equipped with interlocked deoors
which turn on the exhaust fans when the doors are ppened. Toral dust samples
taken outside the door to the dump station room averaged 0.47 mg/m3

(geometric mean) and ranged from 0.24 to 0,76 mg/m3. {Righ-volume samples

for total dust could nct be taken in the dump station room hecause the sample
pumps Were not intrinsically safe.) The total dust geoumetric mean
concentraticn in the dump station room for samples collected on PVC filters
was 0.20 mg/m3.

WORK. PRACTICES

Miles maintains a relatively clean occupational enviromment — generally, to
teduce the threat of contaminating an enzyme broth. But, this attitude also
bencfits the workers by helping to prevent the unnecessary exposure to
hazardous agents or conditions, If an enzyme spill occurs, it 1s washed
{flushed) down into the plant sewer system. Diatomaceous earth spills are
removed wirth an industrial vacuum cleaner.

MONETORING

The environmmental bealth program for the Miles enzyme operation is monitared
on the corporate level. The responsibilities of the Safety and Health and
Medlcal Departments are for the entire plani complex and 1ts employees, As
part of the environmental health program, settling plate samples have been
collected in the enzyme production area. These samples indicared strictly
enzyme producing or non—producing colonies. Miles is attempting to develop a
total {quantitative) colony ¢ount sampling methodology. They are alsc
atrempting to develop a procedure (activity test) for detecting minute
quantities of enzyme In the ambient air -- some bulk samples have been
conducted.

Pre-placement medical evaluations are conducted including a complete medical
histery, pulmonary function test, audiomerric test, visual exam, cardipogram,
CBC, urine analysis, and a SMA-14. Periodic medical evaluations are
selectively performed. If a problem is encountered with an enzyme production
enplovee, medical treatment 1s conducted individually on a case-by-case basis,
based on the recommendation of the treating physician.
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PERSOMAL PROTECTIVE EQUIPMENT

Inhalation of diateomacecus earth (amorphous gilica) 1s possible during the
dumping of bags of diatomaceous earth, Disposable respirators (3M Model 871C)
are used when emplovess are engaged in this operation, Goggles, face shields,
and gloves are required during the bag dumping and handling of acids and
caustics.

Miles employs a2 confined space procedure when an employee is required to enter
a tank for maintenamce or other purposes. FEmergency escape units are
avallable during fank eatry operations.

Vi, GCONCLUSIONS

Microblal sampla concentratlons around selected locations were compared to
background concentrations using the t—-test. Only one unlt process, the
centrifuge, showed vimble levels to bhe significantly above indoor background
levels. Viable levels at the vacuum filter knlfe edge were significantly
abpve the background; however, viable concentrations just a few feet from the
vacuum filrer belt were not significantly above background. Viable
concentrations at the fermentor agitator shaft, seed fermentor agitator shaft,
and fermentor sample port were not significantly ahove background
concentrations.

Microbial levels in the clean room were significantly below the laboratary
background levels, Average outdoor microbial background levels were below
average indoor background levels; indicating the outdoors (amblent) air was
not a major source of viables in the preducticu bullding. The results
indicate overall affective containment of the production organisms used at
Miles, especfally since B. licheniformis is not pathogenic. Should this same
technology be used for other organisms, it would be advisable to assure that
workplace levels such as those seen in this survey would be safe for the other
organisms.

Total dust levels at the sample locations, including the raw materials dumping
stations, were much below the Threshpld Limit Value of 10 mg/m3 with the
highest level one-ninth of the TLV®,B
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Table I.

Equipment Used on Field Survey

Item

Model

Automatic balance

Automatic psychrometer

Colony counter

High—volume alr sampler
Personal sampling pump
Smoke tubes

Viable cascade 1impactor

Mettler AE 163

Vista Scilentific Corp.

New Brungwick Scientific

General Meral Works
DuPont 2500
Draeger

Andersen 2-stage

Gravimetric analysis

Temperature and humidity
measurements

Colony counts and
identification

Total dust sampling
Total dust sampling
Alrflow patterns

Microbial alr sampling
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