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I. THNTEREDUCTION

The HNational Institute for OQeccupational Safery and lealth (NIQOSH) 1is the
primary Federal agency engaged in ogecupational safety and health research.
Located in the Department of Health and Human Services {(formerly DHEW), it was
established by the Occupational Safety and Health Act of 1970. This
legislation mandated MHICSH to conduct a number of tresearch and education
programs separate frem the standard setting and enforcement funciions carried
out by the Occupational Safety and Health Adminiscration (QSHA) in the
Department of Labor. An important area of HIDSH research deals with methods
for controlling occupational exXposure to poteatial chemical and physical
hazards. The Engineering Control Technology Branch (ECTB) of the Division of
Physical Sciences and Engineering has been given the lead within WIGEH to
study the engineering aspects of health hazard prevention and control.

Since 1976, ECIB has conducted a number of assessments of health hazard
contrel technology on the basis of iIndustry, common industrial process, or
specifie control techniques, Examples of these completed studies include the
foundry industry, various chemical manufacturing or processing operations)
spray painting; and the recirculation of exhaust air. The objective of each
of cthese studies has been to document and evaluate effective control
techniques for potential health hazards in the 1industry or process of
interest, and to create @ more general awareness of the need for or
avallabiliey of an effective system of hazard control measures.

These studies involve a number of steps or phases. TIniltfally, a =series of
walk~through surveys 1s conducted to select plants or processes wilith effective
and potentially transferable control concepts or techniques. Next, iln—depth
surveys are conducted to determine both the contrel parameters 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 articles on
effective hazard coutrol measures. Ultimately, the iaformationm from these
regearch activicies builds the data base of publicly availlable information on
hazard contrel technlques for use by health preofessionals who are responsible
for preventing cccupational illmess and injury.

The public debate over genetic engineering has focused on the possible hazards
of gepetically wodified microorganisms, potentlal healch hazards to workers
involved with 1Industrial applications of recomblnant DNA {(rDNA) techniques,
and the potential uses of such technology. Several risk assessment
experiments designed to investigate some of the characteristecs of proposed
host-vector Systens which might affect hazard potential hawe bdeen conducted.
Likewise, the benefits of rDNA technology are being as vigorously promoted.

This particlular research effort was promptéed by the anticipated surge of rDNA
techniques 1in wvarlicus industrlal processes. Genetic engineering technology
may be wutilized in wvarlous manufacturing processes in the areas of
agriculcure, organic chemicals, energy, food processing, and pharmaceuticals,
This potential growth and the possibility of uncharacterized occupational
exposures Indicate the necessity for careful evaluations of health risgks.
HIQSH 1s accustomed to examining new technologies for potential occupational
hazards and developing recormendatlons for safeguarding the workers healch,



Implementation of safeguards and protective engineering comtrols early in the
growth of an industry can only minimize occupational health preblems and aveid
expensive retrofitting of production systems.

NIOSH 1s currencly evaluating the potential accupational hazards involved with
distinct appiications of Dbiotechnelogy and rDNA  techniques, ECTB's
involvement in this evaluation is the development of a study investligaring the
control technclogy being used to prevent occupational health hazards in the
fermentation industry. This assessment will attempt to fdentify effective
¢onkrols gpplicable ta processes involving potentially hazardous
microorganisms, inmate as well as genetically wmodified, cvoxle processing
chemirals, and biologically active products or intermediates. Documentation
of effective controls and recommendations to winimize exposure fin the
fermentation andwstry will be accomplished through this assessment. The
fermentation processes control technology assessment will impact imminent rDNA
fermentation technology in additiom to current fermentation technalogy.

Thiz report contalns results of this prelimlnary study, cownclusicns, and/or
recommendations relevant fo the gperations at Nove Biochemical Industries,
Inc. (NBEI), a manufacturer of industrial enzymes. This survey was conducted
as cne of a series of inltial preliminary surveys of firme 1uvalwed din
fermentation processes. Bagsed on the information obraimed during these
walk-through studies, potential candidaces for in-depth sarvey sites will bhe
selected. The in-depth surveys will involve more detailed evaluations of the
engineering contrels, personal pratective equipment, employee work practices,
and industrial hypiene and medicsl momitoring.



II. PLANT AND PROCESS DESCRIPTION

Flant Description:

Nova Brochemical Industries, Inc. (NBL) 1is located in Franklinten, North
Carolina, and has produced enzymes for its parent company, Hove Laboratorles,
Inc., Wilton, Connecticut, since March, 1979. Novo Laboratories, Inc. is the
U.S, branch of Novo Industri A/S, an international nanufacturer and suppller
of 1ndustrial and health care products headgwartered in Bagsvaerd, Denmark.
Novo Industrl A/S 1is the world's largest producer of enzymes for industrial
applications. Enzymes manufactured at NBI are distributed in the U.$. and
Canada.

¥l's employee populaticn is separated intoe 6 departments; administyation,
production, maintenance, quality control, finance, and personnel.
Approximacely 50% of the manufacturing workforce (a segment ¢f the production
department) is composed of women. Enzyme production is maintailned 7 days per
week, 24 hours per day 1n 12 hour work shifts. An individual manufacturicg
employee will work 36 hours one week and 48 hours on the next consecutive work
waek., This helps to rteduce the problems of shift changes. Manufacturing
employees are not permitted to work more than 17 hours in any 24 hour perioed.

Process Description:

The processes surveyed at NBI involve the preductlon of two industrial
enzymes, O~=amylase and amylglucosidase with microbial strains of Baclllus
licheniformis and Aspergillus niger, respectively. Both strains of
microorganisms are non-~pathogens. The manufacture of the industrial enzymes
is accomplished in five basic process steps: selectlon of a microorganism;
maintenance of the selected culture; fermentation; concentration and
purification of the enzyme product; and standardization of the activity of the
enzyme. Neither the selection or the maintenance of the microorganisms is
conducted ar NBI.

The zselection or screening process for microorganisms determlnes each culcure
to be used for a specific enzyme productlon operation based on thelr tesied
ability to produce a commercial quantity of the desired enzyme. BSalected
cultures mnst be identified and tested for pathogenicity and chelr desired
inability to co-produce harmful products or toxins, such as woycotoxins or
enterctoxins.

The next process step, malntenance of rhe selected culture, must ensure that
the isolated culture supplied to WBI for large-scale manufaccure is a pure,
uncontaminated culture mediuym. This requires that the culture be regrown at
intervals. Single colonies are selected for vegrowth usually oo the basis of
culture morphology. The selected culture is grown, harvested, sub-divided,
and stored at the appropriate conditions to maintain its wisbilicy and
purity. Before the culture is used for large—scale fermentation, 1t is tesied
ro determine whether any desirable cheracteristics have been lost or
undesivable characteristics have appeared. All operations through the firstc
two process steps are conducted in the laboratery using sterile equipment with
aseptic transfer.



NBI ugilizes a two-phase operation in thelr larpge scale fermentation process
step —— this minimizes the possibility of contaminating large quantities af
culture medla and ocptimlzes the use of expensive equlpment. In the firsr
phase, the seed fermentor containing a sterile nutrient medium is inocculated
with the selected microbial c¢ulture prepared in the laboratoery. The seed
fermentor is designed to promote the growth of the microbial pepulation to the
level neceasary for proper fermentation in the deep-tank regactor vessel. The
batch mixture 1s aerated and mechanically agitated until the optimum level of
bicmass 1s achieved. The final contents of the seed fermentor is aseprically
transferred through a pipe network ta the lerge fermeator (deep-tank reacror
vessel)}. The second phase of the fermentation process &tep 1Is where
"fermentation” essentially occurs and the product of interest is bilologically
synthesized. A submerged, batch fermentation process 1s employed using a
standard deep—tank reactor vessel with a top-mounted mechanical agitator and a
bottom alr sparger. Proper temperature conditions are maintained with cooling
colls ineide the reactor vessel. The fermentor tank, contaloing a
pre~sterilized nutrient medium, is inoculated with the bicmass broth from the
seed fermentor. This new broth mixture 1is aerated, mechanically agftated, and
allowed to ferment for continued biomass growth and final production of the
desired enzyme. The composition of the wmedium wsed in each phase is carefnlly
cantralled ta pramote maximum growth of the organlsm and/or enzyme production.

The raw materials used to prepare the fermentaticn nuetrient medium &re edther
food grade materials or are tightly controlled to prevent contaminants that
would inhibit organism growth or enzyme production -=- the raw materials should
aot <contaln toxic or harmful compoaunds that could he carried through the
process into the final product. Each raw material is ceontained in & separate
tank before being combined im a batching cenk to make up the nutrient medium.
There 15 no employee contact with the raw marerlals after they have been
deposited fnto thelr individual tanks. Sterilizatlion of the autrient medium
is accomplished with steam in the seed fermenter or large fermenter cank,
depending on where the autrient 1s to be used.

Measurements are performed continuously during the fermentation process step
to check specific parameters of the biomass broth. These wmeasurements are
predominantly cemputer controlled or monitored and imclude process paramenters
such as temperature, pH, nutrient additien, anci-feaming agent additiomn, alr
flow rate, back pressure in the vessel, etc. Other typleal measurements that
can be monitored are the #%C0y and 0O 1In the exhaust gas, the power
consumption of the agitator motor and the RPM's of the agitator. Manual
samples are also extracted periodically from a port valve on all the fermenter
tanks for analysis in the laboratory for microbial morphology, pH, dissolved
golids, percent mycellium volume, viscoslty, stray organism contamination, etc.

Upon completion of the fermenting cycle, the enzyme sluryy 1s cooled and piped
ta a refrigerated helding tank, where agitation is maintained, to await the
concentration snd purificarion processing step. Fllter aids, pH adjusters,
preservatives, etc. are subsequently added to the slurry as a pretreatment to
the processing operation. The epnzyme slurty is pumped to a rotary vactuum drum
filter {filter aids are used as a precovat} where a2 major portion of the
suspended solids (mycellium and other solids) are separated from the enzyme
liquid. A stellite doctor blade shaves off the filter cake and a fraction of



the filter aid material. The sludge from the mycellium 15 steam sterilized
and diluted, it is then applied ro land surrounding the plant, owned by NBI,
as fertilizer far hay crops. Waste water, water used as a ligquid wash for
process operations, from the plant is perfused through a primary treatment
system (activated sludge digestion) to reduce the BOD (Blochemical Oxygen
Demand) and this treated water is cthen used to spray irrigare che hay fields.
Further concentration and purification of the enzyme will be accomplished
utilizing a wvacwum evaporator, ultrafiltrator, and bacterial fileer. During
this process step, sanples are periadically extracted and analyzed for enzyme
activity and other properties. Tight controls are necessary to ensure the
process is ecenomic and that the final enzyme product will be of food grade
gquality where applicable.

The final step in the NBI enzyme manufacturing process will be to standardize
the activity of the purified enzyme concentrate. This is accomplished by
simply blending the enzyme with inert, food grade imgredients. The final
product is then packaged in structurally and chemically appropriate containers
or drums.

Pocential Hazards.

The potential for exposure to hazards in the ogeccupational environment within
the fermentatien industry 1s 4a three—fold problem, Exposure may involve
potenttally hazardous microorpganisms {innate as-well-as genetically modifled)
toxic processing chemilcals, and biologically active products or intermediates.

Presenrly, the microorganisme used by the enzyme industry, inclusive of the
overall fermentation industry, for fermentation operations are non-pathogenic
in mnature. But future involvemeat with rDRA  technolopgy may produce
microorganisms in need of more stringent comtainment requirements and equally
stringent programs in occupational safety and health due ro the increased
health risks that they pose to the exposed worker. As indicated above, the
microorganisms utilized iIn the processes surveyed at NBEI for thelr enzyme
operations {Baclllus licheniformis and Asperpillus niger)} are non-pathogens.

Filter aids, which may be diatomaceous earth (amorphous silica), are used in
rhe concentration and purificaetion processing step as a precoat ol the drum of
the rotary drum vacuum filrer., Amorphous silica can affect the body if it is
inhaled or if it comes in contact with the eyes, Prolonged Inhalation of
anmorphous silica 1ncluding uncalcined diatomaceous earth wmay produce x-ray
changes iIn the lunges without disability. Prolonged iInhalarion of calcined
diatomaceous earth may cause sillicosds with scarring of the lungs, cough, and
shortness of breath. The current OSHA standard for amorphous silica is 80
mg!m3f25102 averaged over an eight hour work shifc. The American
Conference of Governmental Industrial Hygienists {ACGIH)} recommends a maximum
exposure of 1.5 mg.:"m3 of respirable dust aver an eight hour work shift.

Acid and base compounds are used to adjust pH levels of biomass broth mixtures
or concentrated enzyme liguids threooughout the enzyme production process; aclds
are corrosive and irritating, whereas, base compounds are caustlic and will
cause hurns. Dependent upon the compound being used and 1its degree of hazard
potentiality, protective clothing should be worn and the appropriate comtrol



techniques implemented t¢ prevent potential contact or exposure to these
agents.

The enzyme molecule consists of a chain of awmino acids arranged in a specific
geomecric configuration. Thie prateln structure, as is with the case of many
proteinacecus marerials, will cause {mmumologac responses 1n susceptible
persons due to the inhalation of these antigens. Repeated inhalation of
enzyme dust may provoke respiratory allergfes (hay fever, asthma) or 1llnesses
(rhinitis) 1in  individuals whe have Tbacome sensitized to a speclfic
enzyme-protein structure, Sensitizatlion reections may vary from mild te
severe dependent upom the particular iIndividual exposed. Some enzymes,
proteolyric enzymes as an example, have been shown bteo be primary irritants of
exposed areas of moist skin, eyes, and mucous membranes. The majority of
documented case studies of persons exposed to enzymes has focused upon the
immunologic respomses due to the inhalatlon of oy skin irritation dee to the
contact £o enzymatie dusts. There appears te be limived available literature
pertaining to Individuals exposed to aercsallzed 1liquid enzymes.



III. CONTROLS
FRINCLPLES OF CONIROL

QOccupatlonal exposures can be controlled by the applfcation of a number of
well-known principles, including engineering wmeasures, work praciices,
personal protection, and wonitariang. These priociples may be applied at or
near the hazard source, to the general workplace environment, or at the point
of opecupational expopsure to Individuals. Controls applied at the source of
the hazard, including engineering meagures {material substitution,
process/equipment modification, isolation or automation, local ventilation)
and work practices, are generally the preferred and most effective means of
control both in terms of occupational and environmental copncerns. Controls
which may be applied to hazards that have escaped into the workplace
environment include dilution ventilation, dust suppression, and housekeeping.
Control weasures may also be applied near individual workers, including the
use of remote control rocms, isoclation booths, supplied-air cabs, work
praccices, and personal protective equipment.

In general, a4 system conprised of the above control measures 1s required to
provide worker protection under normal operating condicions as well as under
condirtions of process upsert, Ffailure, and/or mailntenance, Process and
workplace monitering devices, personal exposure monitoring, and wmedicsal
monitoring are ipportant mechanisws for providing feedback conceruning
effectiveness of the contrels in use, Ongoing meonitoring and maintenance of
controls to énsure proper use and coperating conditions, and the educatlon and
comeitment of both warkers and management to cccupational health are also
inportant ingredients of a complete, effective, and durable conkrol system.

These principles of control apply to all situatlons, but their optimum
application varles from case-to-case. The application of these principles at
HBL is discussed below.

Engineering Controls:

NBI's enzyme production operation is a predomipantly closed smystem once the
process has graduated from the laboratory toe the large-scale fermentation
process steps. There appears to he extremely limjited potentfizl for exposure
to the microorganisms invelved in the fermentation processes or the enzyme
products of these mlcroorganisms. All growth and holding tanks are closed
during process operations. Bateh broth mixtures or concentrated liguid
enzymes are transferrved between separate unit coperations from the fermentation
procese step to the enzyme standardization process step by a steam sterilized
pipe network. Employee contact with the production process operation, once
the raw matertals have been deposited into their individuwal container vessels,
iz minimal other than for equipment maintenance or maaunal broth sample
extraction. All bag dumping srations, which iIncludes the dumping of raw
materials, acids, eand bases dinto thelr separate container vessels apd
diatomacecus earth for the rotary vacuum drum filter, are equipped with a
local exhaust wventilation outler. There is ninor potential for release of
aerosols containing viable microorganisms and/or enzZymes during wmanual
sampling procedures and c¢ircumjacent toe the aglitator shafts, but cthe
quantities Involved pose wminimal contact or exposure Ccomncerns. Potential



serosolization of 1liguid enzyme concengrates or wmicroorganisms iInto the
occupational environment &t the rotary vacuum drum filter is limited by a
local exhaust ventilation hood.

The overall process technology is recent, within the last three years, and
therefore relatively advanced. The majority of the large-scale process
operations are either contrelled or monitored by & compurer system which ia
centrally located within the production building. This “automatlon™ aids in
limiting direct employee involvement, and therefore potential hazard exposure
or contact, with the process operations.

Work Practices:

NBI requires that thelr employees waintain a clean occupatlonal environment;
ot only to ensyre that the final produet remalns free <f contaminants, but
alse to prevent the workers from being unnecessarily exposed to hazardous
agents or conditions. Good housekeeping is promoted as part of this "clean”
attitude in the safety procedures. In addicion, a spill control procedure has
been outlined and implemented within the Manufacturing Area. The procedures
attempt to address and resolve two problems; ome, control of the spill and
tlean-up of the spilled material, and two, disposal of the spilled material
and its effect on the NBI waste treatment system. The procedures iaclude
spills pertalning to food grade ingredients or chemicals, salts, bases, acids,
0ils and refrigerants, and fuel opils. Employees are expected to include
themselves as part of this clean work environment. Clean clothes, pravided
and cleaned by NBI, are required everyday, Showers are also required at the
end of every work day —— lockers are alsc provided Icr each employee.

NBI employs a computerized preventative mafntenance program as part of their
"good" work practice regime. Weekly printouts are provided by the computer
detailing the equipment and/or instrumencs in need of routine maintenance.
There 1is also a monthly, quarterly, or elapsed time, dependent upon the degree
of bearing usage, vibration analysis conducted on all bearlings.

Monitoring

The environmental health program ir effect at the Franklinton plant 1is
monitored by the Quality Control Manager of NBL. Although NBI does not employ
a full-time industrial hyglenist at the plant, there is a corporate industrial
hygienist avallable on a consulting basis from Nove Laboratories, Inc.,
Wilton, Counecticut. As part of this program, routine workplace concentration
wonitoring 1s conducted for active aerosclized liguld enzymes. Samples are
taken at six different monitorimg locations utilizlng a Galley high—veolume
samplex. All assays are accomplished in-house at the Franklinton plant
laboratory.

NBI implements a relatively complete medical/biological examinarion and
monitoring program. Pre-screening eaployee physicals are conducted including
a complete allergy battery and interpretation. Blood samples are taken
annually from all employees for Radioallergosorhent (RAST) Tests to determine
whether a response 18 occurring to specific antigen-producing compounds to
which they may be exposed. Exposure records are maintained for each
employee. Annual audiometric tests are conducted 1n order to monitor
employees’ hearing ability and teo note any changes or deterioration that may



cccur. Annwal physical examinavions for employees include urine specimens,
pulmonary funetion, chart eye checks, ear checks for wax accumulacion, tetanus
toxeld or booster (every 5 years}), and a review of employees' previous
physical examinations records. & heavy emphasis 1s placed wupon the
resplrdatory evaluation section of the annual physicals. There are ro medical
practitioners (doctors, nurses, etc.} on call at the plant during normal
working hours, however, there are two local physlcians used for physicals and
medical emergencies. In addition, there is a rescue squad available J miles
from the plant complex to the west in Franklimton and a hospital locaced 6
miles to the east in Loulsburg.

Personal Procection.

NBI's safety program and operations are guided by a Safety Committee composed
of a chatrman and two meobers, one salarfed and one hourly, from ecach of che
followlng Departments, Maintenance, Manufacturing, Farm, and Laboratory. In
addicion 2 member of the Personnel Department serves on the Commitiee. The
chalrmanship rotates between departments. This committee conducts moanthly
meetings and makes gquarterly safety inspections of all facilities. Quarterly
safety lectures for the workers are maintained with additional programs in
emergency tralning and Cardio Pulmenary Besuscltation (CPR). Safety problems
are considered a priority. All accldents are documented. NB1 claims to have
had 3 years with no lost-time accldente.

Perscnal protection requirements are part of the NBI =safery procedures.
Safety glasses are required to be worn at all times except when face shilelds
or gogples are requlred., Safety shoes are regquired to he worn at all times
except for "walk-throughs.” Ear protectleon is required to be worn while
working in the evaporater and utilicy rooms. Dispogable dust respiraters are
required to be worn in all bag emptying processes and areas where enzyme
contamination 1s suspected. Diasposahle dust vesplrators are also required
when repairing the internal portions of these units where exposure may be
expected -- this idnciudes the filter changing operation in the heating and
ventilation units. Acld goggles, rubber gloves, and an apron is required to
be worn while transporting or handling 2cids and caustics., A resplrator
{Willson cannlscer type ~ Type H-3), rubber gloves, and a rainsuit are
required to be worn whenever a worker 1s handling formaldehyde.

NRI employs a company procedure for entering a deep-tank reactor vessel,
These procedures Include a second person as an cbserver, contlouous fresh air
replenishment inside the tank during the complete operation, and a safetry
harness attached to a mechanical lifring device.



IV. CONCLUSIONS AND RECOMMENDATIDNS

NBI has provided, for the employees, an occupational enviromment with an
exhibited concern for worker safety and health. An outgrowth of this
management attitwle, 1o combination with current state-of-the-art technolegy,
15 a seemingly effective system of control measures. These control measures
are, imn part, responsible for the limlted potential for exposure to the
microorganisms, process chemical intermedlates, and/or the biological products
of the enzyme operation. Ocecupational health and safety conditions appear to
be teasonably—well controlled at HBI; therefore, the Nevo Biochemical
Industries, Inc. enzyme production plant 15 recommended for an in—depth survey.
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