Kapitola 14. KONŠTRUKCIA BIOREAKTOROV

	

MATERIÁLY REAKTOROV
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AISI 304 / UNI X5CrNi1810 / DIN 1.4301 / STN 17 240
Austenitická chrómniklová oceľ je najpoužívanejším druhom antikorového materiálu s veľmi dobrou odolnosťou voči korózii, tvárnosťou za studena a zvárateľnosťou. Odolná voči vode, vodnej pare, vlhkosti vzduchu, jedlým kyselinám, slabým organickým a anorganickým kyselinám. Po zváraní plechu do hrúbky 6 mm odolná proti medzikryštalickej korózii i bez dodatočnej tepelnej úpravy (nízky obsah uhlíka). Schválená pre teplotné namáhanie do 300 °C, pri vyšších pracovných teplotách by sa mala používať titanom stabilizovaná oceľ AISI 321. Dobre leštiteľná a tvárna hlbokým ťahaním, ohraňovaním a zakružovaním. Pri obrábaní je potrebné z dôvodu sklonu k spevňovaniu pracovať s ostrými nástrojmi z vysoko legovanej rýchloreznej oceli, tvrdokovu, alebo karbidových zliatin. Zvárateľnosť elektrickým oblúkom pri použití všetkých metód zvárania je dobrá, nevhodná na zváranie plameňom.
Použitie: V strojárenskom a nukleárnom priemysle, v architektúre, v dopravných zariadeniach, v potravinárskom priemysle, vo farmaceutickom a kozmetickom priemysle, pri stavbe chemických prístrojov a motorových vozidiel, výrobe chirurgických nástrojov, sanitárnych zariadení, predmetov a prístrojov pre domácnosť a umeleckých predmetov.

AISI 304L / UNI X2CrNi1911 / DIN 1.4306 / STN 17 249
Austenitická, chrómniklová oceľ so zvýšenou odolnosťou proti medzikrištalickej korózii (extrémne nízky obsah uhlíka). Plechy nad hrúbku 6 mm, aj keď boli zvárané pri menej výhodných podmienkach, nemusia byť dodatočne upravované. Materiál je zvárateľný, veľmi dobre leštiteľný a dobre tvarovateľný za studena. Podmienky obrábania sú obdobné ako pri AISI 304, teplotné namáhanie je do 350 °C.
Použitie: podobné ako u materiálu AISI 304, možnosť spracovania za studena je však lepšia.

AISI 316 / UNI X5CrNiMo1712 / DIN 1.4401 / STN 17 346
Austenitická kyselinovzdorná chrómnikelmolybdénová oceľ so zvýšenou odolnosťou proti korózii (zvýšený obsah molybdénu). Po zváraní plechu do hrúbky 6 mm odolná proti medzikryštalickej korózii i bez dodatočnej tepelnej úpravy(nízky obsah uhlíka). Je schválená pre teplotné namáhanie do 300 °C. Materiál je zvárateľný, veľmi dobre leštiteľný a opracovateľný hlbokým ťahaním, ohraňovaním a zakružovaním. Podmienky obrábania sú obdobné ako pri AISI 304.
Použitie: Všade tam, kde sú konštrukčné diely, prístroje a nástroje s požadovanou strednou pevnosťou vystavené pôsobeniu vody, vodnej pary a vlhkosti vzduchu, v strojárenskom priemysle, pri stavbe turbín, čerpadiel, pri výrobe armatúr, predmetov a prístrojov pre domácnosť, športového náradia, lekárskych a chirurgických prístrojov a pod.

AISI 316L / UNI X2CrNiMo1712 / DIN 1.4404 / STN 17 349
Austenitická kyselinovzdorná chrómnikelmolybdénová oceľ, s obsahom uhlíka do 0,03 %, vysokoodolná proti kyselinám a korózii, s miernym sklonom k jamkovej korózii v roztokoch s obsahom chlóru. Oceľ je veľmi dobre zvárateľná, bez potreby dodatočnej tepelnej úpravy po zváraní, s vysokou odolnosťou proti medzikryštalickej korózii, leštiteľná až do zrkadlového lesku a mimoriadne dobre tvárna (ohýbanie, zakružovanie, hlboké ťahanie, lisovanie a pod.).
Použitie: Konštrukčné diely, prístroje a aparáty chemického priemyslu s vysokým chemickým namáhaním (prítomnosť chloridov), pri výrobe zariadení na úpravu teplej vody a konštrukčných dielov, ktoré prichádzajú do styku s morskou vodou.

AISI 316Ti / UNI X6CrNiMoTi1712 / DIN 1.4571 / STN 17 348
Austenitická kyselinovzdorná chrómnikelmolybdénová oceľ, stabilizovaná prísadou titanu. Vyššia odolnosť voči kyselinám, vyššia medza klzu a pevnosti, nevzniká riziko hlbokej miestnej korózie (prísada molybdénu). Po zváraní hrubších rozmerov nie je potrebná žiadna tepelná úprava (stabilizácia titanom). Nie je možné dosiahnuť vysoký lesk (prísada titanu). Tvárnosť hlbokým ťahaním, ohraňovaním a zakružovaním je dobrá. Podmienky obrábania sú obdobné ako pri AISI 304. Zvárateľnosť elektrickým oblúkom pri použití všetkých metód zvárania je dobrá. Nie je možné zvárať plameňom.
Použitie: Konštrukčné diely, prístroje a aparáty chemického priemyslu s požadovanou odolnosťou voči halogénom a neoxidujúcim kyselinám. Vyššia medza klzu v ťahu prináša výhody pri mechanicky viac namáhaných konštrukciách (stavebníctvo). Typickým príkladom použitia sú technológie na výrobu buničiny, viskózovej striže, textilu, farbív, hnojiva, plastov a pohonných hmôt, fotografický a farmaceutický priemysel, petrolejársky priemysel.

AISI 321 / UNI X6CrNiTi1811 / DIN 1.4541 / STN 17 247, STN 17 248
Austenitická chrómniklová oceľ, stabilizovaná prísadou titanu, po zváraní odolná proti medzikryštalickej korózii bez dodatočnej tepelnej úpravy aj pri zváraní hrubších rozmerov. Pre tlakové nádoby je použiteľná do teploty 400 °C, ako oceľ odolnú proti okujeniu ju možno použiť do 800 °C. Prísada titanu neumožňuje vyleštiť oceľ do vysokého lesku. Tvárnosť hlbokým ťahaním, ohraňovaním a zakružovaním je dobrá. Podmienky obrábania sú obdobné ako pri AISI 304. Pri použití všetkých metód zvárania je zvárateľnosť elektrickým oblúkom dobrá. Nie je možné zvárať plameňom.
Použitie: Chemická odolnosť obdobne ako u materiálu AISI 304, podobná možnosť využitia ak nie je potrebný vysoký lesk. Vhodná na konštrukcie s hrúbkou materiálu väčšou ako 6 mm, ktoré nemôžu byť po zváraní tepelne upravené. Vyššia medza klzu v ťahu prináša výhody pri mechanicky viac namáhaných prístrojoch, konštrukčných dielcoch a spojovacích prvkoch. Používa sa vo všetkých odvetviach potravinárskeho a chemického priemyslu.
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ROZMERY BIOREAKTOROV
Toto sú obecné parametre. Samozrejme je možné použiť aj iné konfigurácie a konštrukčné riešenia.
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MIEŠADLÁ
Toto sú obecné parametre. Samozrejme je možné použiť aj iné konfigurácie a konštrukčné riešenia.
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SPOJKY A UPCHÁVKY
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ROZDEĽOVAČE VZDUCHU
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The stirring bioreactors (1,3,4,5) are used at cell cultivation of the shear stress insensitive cells, like bacteria and many plant cells.

They work completely automated and are equipped with stirrer, magnet clutch, probes and fittings. With few basic components they can convert easily into fixed bed system (2 and 6), fluidized bed or airlift Fermenter (7). Converted they can be used for arbitrary methods as a fixed bed system in the sector of medical research and pharmaceutical industry for the cultivation of the adherent humanely and animal cells or as airlift and fluidized bed Fermenter at the cultivation of the shirr stress sensitive cells.

The mini-bioreactor (4) stands out due to separable double coat with a short gap, high lid occupancy density and space-saving order in multi systems. It can be used for the cultivation of insensitive cells as a standard model with a double vessel at an independent use of the inside and outside vessels. The special at this bio reactor is the saving of the costly culture medium at higher cell gain due the low making height and the low diameter of the inside vessel. Modular equipment with probes, fittings. Test recipient system.
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OTÁZKY NA SKÚŠKU
1. Aké materiály sa používajú pre bioreaktory a aké sú požiadavka na tieto materiály? Hlavné rozmery mechanicky miešaného bioreaktora
2. Vysvetlite dávkovanie inokula sterilným spôsobom do bioreaktora.
3. Aké sú základné požiadavky na technické zariadenia z pohľadu bezpečnej manipulácie s biologickými materiálmi (kap. 7)?
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image5.jpeg
Vicsie bioreaktory sa konstruuju z aus-
tenitickej ocele triedy 17. Odporica sa mini-
mélne ocel’ /7246, ktora obsahuje 10 % Ni a
10 % Cr. Na kontrolu priebehu fermentacie
slizia sklené priezory.
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Med’, bronz a mosadz moZno pouzit' na
potrubné rozvody sterilného vzduchu a chla-
diacej vody i sterilizatnej pary, teda vsade
tam, kde tieto kovy nepridu do styku s kul-
turou.
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Z plastov sa najviac pouziva polypropylén
aPVC na privodné rirky. Vynikajicim
kontrukénym materidlom je teflon, ktory
bezne odolava teplotdm do 250 °C. Po pri-
dani uhlika vznikne grafitovy teflon, ktory sa
pouziva na lozZiskové puzdrad (samomazné).
Na tesnenia je najlepsia silikénova guma.
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Nadoby mensich rozmerov su obvykle skle-
né s plochymi doskami (vekami) z nehrdzave-
jucej ocele. V hornej doske su umiestnené ot-
vory pre sondy, davkovanie chemikalii na upra-
vu pH a odpertiovacich ¢inidiel, pre privod ste-
rilného vzduchu a odplynenie a pre davkovanie
inokula. Nadoby vicsich bioreaktorov sa zho-
tovuji z nehrdzavejicej ocele. Odportucané
rozmery nadoby bioreaktora (Fig. 5.1):
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Fig. 5.1 Hauptabmessungen mechanisch geriihrter Bioreaktoren Typ STR
Hlavné rozmery mechanicky mie$aného bioreaktora typu STR
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H/d=1,0 D,/d=04 A/d,=10 s/d,=0,1
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Pri vdcsich bioreaktoroch byva pomer H/D
1 az 2. Pri pomere H/D>] treba pouzit
zdvojené mieSadlo, inak by premie$anie
obsahu nadoby nebolo dostato¢né. Prikon
mie$ania sa pri zdvojenom mieSadle zvy-
Suje V2-krat.
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Tab. 7.1 Schhitzung der AnschluBleistung fiir das Riihren von Bioreaktoren
Predbezny odhad prikonu na mie$anie bioreaktorov

Grofie des Reaktors

Velkost’ bioreaktora

Spezifische AnschluBlleistung
Specificky prikon na mieSanie

[W.dm™]
Kleine labormiBige / Maly laboratérny 8-10
Pilotanlage /Poloprevadzkovy (pilot plant) 3-5
Betriebsreaktor /Prevadzkovy 1-3
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Velkost' prikonu na mieSanie ovplyviiuje
tvar mieSadla, ktorého vplyv sa premieta do
Eulerovho ¢isla.




image14.jpeg
BeZne pouZivané v praxi pouZivané typy
mieSadiel st na Fig. 7.2.
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Ig. 7.2 Riihrertypen: a) Turbinenriihrer mit vollen Schaufeln und einer Disk, b) Turbinenriihrer mit halber
Schaufel und einer Disk, ¢) Turbinenriihrer ohne Disk — offene Turbine, d) Propellerartiger Riihrer
Typy mieSadiel: a) turbinové s plnymi lopatkami a diskom, b) turbinové s poloviénymi lopatkami
a diskom, c) turbinové bez disku — otvorené turbina, d) propelerové
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Klasickym typom je Rushtonova turbinka.
Pozostava z disku, na ktorom je obvykle 6
lopatiek. Dal3i typ mieSadla méa lopatky iba
na jednej strane disku. Toto usporiadanie da-
va vSak mensi mieSaci Gi¢inok. Miesadlo typu
c) je otvorena turbinka. Nepritomnost' disku
ma za nasledok zniZenie U¢innosti mie$ania.
Na Fig. 7.2d je vrtul'ové miesadlo. Vyvolava
zvicSa axidlny tok paralelny s hriadel'om na
rozdiel od turbinkovych mieSadiel, pri kto-
rych je tok prevazne radialny. Vrtul'ové mie-
Sadlo ma podstatne niZdiu spotrebu energie
na mieSanie ako turbinkové.
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Tazkosti s vyberom vhodného typu mie-
Sadla vznikaju, ak v priebehu fermentacného
procesu rastie viskozita naplne, ktord ma
sprvu newtonovsky, ale ¢asto potom precha-
dza na pseudoplasticky charakter toku. Ako
sme uz spomenuli v kapitole 5, pre takyto
druh néaplne je vhodnejSie dvojpasové mie-
Sadlo znazornené na Fig. 5.3. Je to pomaly-
bezné miesadlo a jeho vonkajsi priemer dosa-
huje az 0,95 vnatorného priemeru nadoby.
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Rozsah pouZitia uvedenych i d’alich ty-
pov miesadiel je zrejmy z Fig. 7.3.
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Fig. 7.3 Einsatzbereiche der einzelnen Riihrertypen: a) Anker,
zweigdngige Schrauben; b) Turbinen, c) Propeller
Rozsah pouZitia jednotlivych typov mieadiel: a) kotvové,
skrutkové dvojpasové; b) turbinové; c) vrtulové
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Néavrh pohonu mieSadla vyzaduje reSpekto-
vat’ tieto skuto¢nosti:

1. mozZnost 'ahkej zmeny otacok miesadla,

2. Tahka demontéaz poharacieho motora,
'ahka steriliz4cia a Cistenie bioreaktora,

3. pohanacia jednotka ma byt’ tuhd
a uloZenie hriadel'a ma umoznit’ vysoké
otacky bez kmitania,

4. meranie ota¢ok, pripadne 1 prikonu mie-
Sadla.
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Na Fig. 7.4 je pohon mieSadla bioreaktora s
radidlnou magnetickou spojkou a na Fig. 7.5
pohon rozbijaa peny s axidlnou magnetic-
kou spojkou.
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Fig. 7.4 Antrieb des Riihrers eines Bioreaktors mit radialer magnetischer Kupplung
Pohon mieSadla bioreaktora s radidlnou magnetickou spojkou
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Fig. 7.5 Antrieb des Schaumschliigers eines Bioreaktors mit axialer magnetischer Kupplung
Pohon rozbijaéa pien v bioreaktore s axidlnou magnetickou spojkou
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Délezitou Gast'ou bioreaktorov pre aerébne
fermentacie i aerébne biologické Cistenie od-
padovych vod je rozdelova¢ vzduchu. Jeho
ulohou je jemne arovnomerne rozdelit
vzduch v nddobe bioreaktora. NajbeznejSim
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Fig. 7.6  Schaltschema des Riihrer in einem Bioreaktor mit Luftansaugung
Schéma bioreaktorového mieSadla s prisavanim vzduchu
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1. Introduction

In our environment we are constantly
exposed to microorganisms. Although
microorganisms are indispensable for
the life processes in our world, they
include several species which represent
a health risk for man and other animals.
It is not possible to avoid encountering
potentially hazardous microorganisms in
the environment. However, the risk of
infection associated with these microor-
ganisms can be kept low by observing
good hygiene.

Since the 'discovery of microorganisms
and the elucidation of their interrelation-
ships with other organisms, man has
learned how to handle them safely. This
experience has been incorporated in
industrial biotechnology processes.

Microorganisms, referred to as biological
agents in what follows', are categorised
into four groups with respect to their
potential hazard. The appropriate EC
Directive (90/679/EEC)? makes this
classification on the basis of the risk of
infection for man arising from biological
agents.

Risk Group 1: A biological agent that is
unlikely to cause human disease.

Risk Group 2: A biological agent that
can cause human disease and might be
a hazard to workers; it is unlikely to
spread to the community; there is usual-
ly effective prophylaxis or treatment
available.

Risk Group 3: A biological agent that
can cause severe human disease and

10

present a serious hazard to workers; it
may present a risk of spreading to the
community, but there is usually effective
prophylaxis or treatment available.

Risk Group 4: A biological agent that
causes severe human disease and is a
serious hazard to workers; it may pre-
sent a high risk of spreading to the com-
munity; there is usually no effective pro-
phylaxis or treatment available.

The vast majority of biotechnology oper-
ations in the field of production are per-
formed with biological agents of Risk
Group 1 for which no containment and
special protective measures are
assigned. Only a small part of produc-
tion work involves biological agents of
Risk Group 3. These cases essentially
comprise procedures to prepare vac-
cines (e.g. Japanese encephalitis virus).
In the not too distant future, the number
of operations performed at Containment
Level 3 is expected to decrease. Such
expectations are based on the continued
advances in the application of genetic
engineering. As a result of this tech-
nique, the selective transfer of pieces of
DNA which express the desired gene
products from the biological agents of
Risk Groups 2 or 3 to production strains
which exhibit all characteristics of a
species of Risk Group 1 is enjoying
increasing success.

When handling biological agents,
Council Directive 90/679/EEC stipulates
as a safety objective the protection of
employees against a possible hazard to
their safety and health due to exposure

to biological agents. This safety objec-
tive is achieved by observing technical
and organisational protection measures,
obeying hygiene rules and by complying
with personal protection measures. The
scope of the required protection mea-
sures depends on the hazard potential of
the biological agent used (Table 1).
Hence, for every biological agent, a pro-
duction area can be defined with differ-
ent protection measures ranging from
Containment Level 1 to Containment
Level 4, reflecting the increasing strict-
ness of the safety requirements’234,

The safety measures for Containment
Level 4 are deliberately omitted from this
booklet. However, appropriate guide-
lines exist which stipulate the safety
measures for work at Containment Level
42,3,4'

In the design of a safety concept for
such work, the safety measures must
always concentrate on the individual
case.

Table 1
Contain- )
ment Aims of protection among others according to
Level Council Directive 90/679/EEC
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It is necessary to differentiate this from
work with biological agents pathogenic
to animals or plants. Considerably
stricter protection measures may be
required here to protect the environment
than would be necessary for the protec-
tion of workers (e.g. foot-and-mouth dis-
ease virus).

With regard to the "Control of Risks in
Work with Biological Agents", ISSA has
produced the following three booklets:
Part 1:  Principles

Part 2: Laboratory Work

Part 3: Production

12

This booklet (Part 3: Production) should
appeal primarily to all employees work-
ing in production. The booklet intro-
duces and evaluates the different pro-
tection measures for different production
areas.

1
See ISSA booklet "Control of Risks in Work with

Biological Agents, Part 1: Principles"

2 e
Council Directive on the protection of workers from risks

related to exposure to biological agents at work
(90/679/EEC)

Council Directive of 23 April 1990 on the contained use of
genetically modified microorganisms (90/219/EEC)

4
For example, in Germany: Gentechnikgesetz of 20 June

1990 (a law dealing with genetic engineering); amending
law of 16 December 1993

2. Safe work in production

Every concept for safety must meet the
following principles in particular:

A safety concept is only effective, if it
is ensured that all management levels
actively contribute.

Risk evasion can only be secured
through sufficient information and
transparency of plant operations. It is
important that precise information on
the circumstances and reasons of an
accident or incident is documented
and passed on, so that risks do not
prevail through inadequate informa-
tion.

All employees must have sufficient
knowledge concerning occupational
hygiene, health protection and safety
at work. All employees who may be
exposed to general or particular risks
must receive corresponding instruc-
tions and training before commencing
work and periodically thereafter. In
addition, required insight must be con-
veyed to employees about the intro-
duction of, for example, new work pro-
cedures, equipment, biological agents
or chemicals as well as after acci-
dents. Particularly trainees, students
and participants of practical courses
need to be instructed on safety at
work and in regard to good laboratory
practice.

Minimising risks for personnel, safety
and health protection at work and the

General principles concerning management of
risks

prevention of hazardous effects to the
environment (e.g. during waste dis-

posal) must be the primary objective
already in the elaboration and com-
pletion of a working programme.

Comparable to chemical substances,
the first principle valid for biological
agents is also to select as far as pos-
sible those agents (microorganisms)
for work which represent the lowest
risk among the agents at disposal.
This principle is to be applied also in
regard to effects on the environment.

Concerning work in genetic engineer-
ing, measures should be selected to
maintain a biological containment
wherever possible (see ISSA booklet
"Control of Risks in Work with
Biological Agents - Biotechnology,
Genetic Engineering - Part 1:
Principles").

Risks exist besides biological risks
which are connected with the use of
equipment, chemicals, radiation etc. In
all production installations all relevant
laws of the respective countries must be
maintained as well as technical rules
observed in regard to such risks just as
well as in the area of biological agents to
guarantee safety and health protection.

The rules and examples presented in
this booklet describe the safety mea-
sures through which the protection
aims can be reached. However, there

13
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may be divergent measures on the
basis of risk assessment and conclu-
sion which has to be performed at
regular intervals and to be recorded
by the plant operator.

Assuring safety and protection of health
at work is also an important element of
quality assurance. This is why interna-
tional standards on quality assurance
repeatedly refer to occupational safety.

3. Biotechnology installation

In a biotechnology installation, biological
agents are cultured to obtain their biomass
or intracellular or extracellular metabolic
products or to utilise their enzymatic activi-
ties for material transformations. Figure 1
illustrates a system for an aerobic sub-
mersed procedure (see p. 15). The techni-
cal equipment depends on the fermenta-
tion process, the target product and the
required protection measures.

The technical protection measures are
directed at the primary and secondary con-
tainment of an installation. The primary
containment includes the safety aspects of
the fermentation system and, if necessary,
the processing facility. In secondary con-
tainment, the safety aspects of the building
and the standard practices are of prime
importance.

In a biotechnology facility of Containment
Level 1, rules of hygiene and good micro-
biological practice are to be observed.
However, in many cases, the demands
regarding the system equipment are con-

14

siderable in order to protect against conta-
mination or to protect the product. The
number of safety precautions needed
increases with increasing containment
level. In Containment Level 3, the primary
containment must prevent the escape of
microorganisms. In Containment Levels 3
and 4 an adjusted secondary containment
is additionally required (see p. 64).

In the following Sections the work steps
and parts of equipment relevant for safety,
e.g. inoculation, fittings, valves are dis-
cussed together with the associated techni-
cal protection measures. However, these
safety measures must be viewed only as
standard measures. Depending on the bio-
logical agents used they can be higher or
lower.

Typical laboratory work associated with a
production process (strain culture, in-
process control, contamination check, etc.)
is treated in ISSA booklet "Control of Risks
in Work with Biological Agents - Part 2:
Laboratory Work".

Fermentation

Inoculation ’
Harvesting

Exhaust

Mechanical |
seals

Electrodes Inactivation

Supply air

Sampling

Figure 1: Schematic representation of a biotechnology installation
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Example of a procedure of a biotechnology process

Preparative work before the fermentation
@ Preparation of culture medium
e Sterilisation of the bioreactor and the culture medium
e Sterile additives (e.g. filter-sterilised vitamin solutions)

Fermentation
@ Inoculation (start of the fermentation)
@ Process control, e.g.
- air flow rate
- agitator speed
- partial pressure of oxygen
- temperature
- pH value
® Process monitoring, e.g.

- sampling, e.g. to determine the cell mass or product formation

- turbidity measurement
- oxygen consumption, carbon dioxide formation
- foam suppression
e Additives, e.g.
- base, acid
- antifoaming agent
- precursor
- nutrients (e.g. with fed-batch fermentations)

Harvesting of the culture broth
® By separation into:
- biomass
- culture broth supernatant
@ Direct isolation of the product from the culture broth, e.g.
- extraction
- exchanger

Cell disruption
® Enzymatically
e Chemically
e Physically

Recovery and purification of the product
@ Isolation
o Crystallisation
o Chromatography

Cleaning the biotechnology installation, if necessary decontamination

16

4. Fermentation

The term fermentation was defined in
the last century by Pasteur as "life with-
out air". In modern usage, all material
transformations effected by microorga-
nisms are called fermentation.

Fermentations are run as submersed
procedures or as surface procedures.

Typical fermentation procedures are

- batch fermentation

- fed-batch fermentation

- semi-continuous fermentation
- continuous fermentation

Fermentations are performed in special
bioreactors (fermenters). The nature and
the technical equipment of the bioreac-
tors are determined by the cultural
demands of the microorganisms, the
quality requirements of the desired pro-
duct and the fermentation procedure
itself.

Some fermentations can tolerate minor
contamination by apathogenic, undesir-
able microorganisms. In such fermenta-
tions, the spread of any contamination
can be reduced by selection of special
nutrients and by the process control, e.g.
pH value, temperature.

On the other hand, there are fermenta-
tions in which contamination must strict-
ly be excluded, e.g. in the production of
pharmaceutical products. In these
processes, all undesirable contaminants
are inactivated before inoculation by
sterilisation of the bioreactor, the nutri-
ents and all other additives. During the

fermentation, contamination of the cul-
ture is prevented by technical measures.

A fermentation requires a nutrient
source which can be utilised by the bio-
logical agents. Depending on the biolo-
gical agent used and the desired pro-
duct, the fermentation is operated with
aeration (aerobic procedure) or with the
exclusion of oxygen (anaerobic proce-
dure). For many fermentations it is
important to dissipate the resulting heat
of reaction by cooling. The control of cer-
tain chemical or physical parameters
(e. g. pH value, temperature, etc.) may
also have a positive influence on the
course of the fermentation and product
formation.
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4.1 Inoculation

The industrial-scale growth of microor-
ganisms usually starts with a pure cul-
ture (e.g. permanent stock, deep-frozen
ampoule) which is propagated in a
shake flask in sterile culture media. This

Table 2

so-called shake culture is used to seed a
prefermenter (seed fermenter).
Depending on the containment level in
question, various operating techniques
are available (Figure 2).

Contain-

ment Examples of safety measures for inoculation

Level

® Direct inoculation
® Inoculation bell

18

Inoculation
needle
Septum
Inoculation bell Septum perforation technique
3 Steam seal Sterilisation Inoculation
Inactivation
2 1 2 Steam
A
3 3
Steam o X 3
6 _ Condensate o
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Fixed lines
Figure 2: Inoculation
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4.2 Sampling

The technical devices for sampling also
vary with the required containment level.
In many cases, the need to protect the
product results in greater demands
being made on the sample system at the
lower containment levels than necessary
for safety reasons (Figures 3 and 4)

The escape of product after sampling
has to be avoided at Containment

Table 4

Level 2. The release of microorganisms
can be avoided by a device for steaming
of the sample valve or by other technical
measures. At Containment Level 3 the
release must be prevented. The mea-
sures for the protection of the emplo-
yees also serve product protection
against contamination by microorga-
nisms.

Contain-
ment
Level

Examples of safety measures for sampling

Open sampling

Condensate

Figure 3: Example of a special sampling valve (scheme)
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Open sampling

3 steamseal

Fermenter

Sterilisation/Inactivation

Fermenter
Fermenter

Valve combination

Sampling

Inactivation Inactivation container Inactivation
container Ehaiites container
Figure 4: Sampling
Table 5
Valve setting
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4.3 Aeration

Afermentation culture is usually aerated
with compressed air. With fermentations
consuming large amounts of oxygen,
the air is additionally enriched with oxy-
gen or the culture aerated with pure oxy-
gen. With others, e.g. strictly anaerobic
processes, the introduction of nitrogen
may have a favourable effect on the
course of the fermentation. Should it be

necessary to exclude contamination by
undesirable microorganisms, aeration is
effected via a sterile flter (Section 7.9).

The installation of sterile filters can pre-
clude the risk that malfunctions, e.g.
breakdown of the compressor or power
failures can lead to culture broth enter-
ing the supply air system

4.4 Exhaust gas

With aerobically operated fermentations,
the exhaust gas and particularly aero-
sols are contaminated with the microor-
ganisms of the production strain. This is
a route by which the biological agents
can escape from the system. Conta-
mination of the exhaust gas with
microorganisms can be  considerably

22

increased by foaming over of the culture
broth. There are various methods to pre-
vent the discharge of considerable
amounts of biological agents from the
fermenter. These safety measures
depend on the hazard potential of the
biological agent used.

For reasons of good microbiological
practice, the escape of substantial
amounts of culture suspensions via the
exhaust gas outlet should also be pre-
vented at Containment Level 1

(Figure 5):

- The simplest measure involves filling
the fermenter to only 80% of its
capacity so that the head space
above the liquid level has a suffi-
ciently large separating effect

As a supplementary measure, foam-
ing can be controlled by an antifoam-
ing agent or a mechanical foam
breaker (see Section 4.5). The foam
height can be monitored during the
fermentation with conductivity elec-
trodes.

Work at Containment Level 2 requires
that the escape of biological agents via
the fermenter exhaust gas outlet is to be
restricted to a minimum
Suitable measures are:

® Installation of scrubbers and sepa-

rators

- demister with centrifugal separator

- venturi scrubber with centrifugal
separator

- combination of demister, venturi
scrubber and centrifugal separator
(Figure 6)

- depth filter (see Section 7.9)

® To combat foam
- addition of antifoaming agent
- mechanical foam breaker

At Containment Level 3, the escape of
biological agents from the exhaust gas
system must be prevented. This require-
ment can be met by sterile filtration, ste-
silisation or combustion of the exhaust
gas.

Sterile filtration can be effected by, e.g.
membrane filters (see Section 7.9).
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6. Recovery and purification

ey e iy e

e
i
Th0 shoune amie 1 e o

£ i s o

Ty —
o e o e y
S22 e et e otk
=

Tk 7 e e vt o
s norrasy eiones et
T o of g s = 2o
ine oy e e oz ana
e rgeres & o 0

Wnanerrvabe orssms s s

e e S e
oo o

w14 Racory and putiotion schome




image54.jpeg
Homoge:

Various methods are available for dis-
rupting cells by homogenisation
Selection of the most suitable depends
on the volume to be treated

Homogenisation by ultrasonics:

This method has proved its worth for
small volumes. For the disruption, an
ultrasonic source is positioned directly in
the cell suspension and activated briefly
several times. Ultrasonics may have a
damaging effect especially on the hear-
ing of employees. The operation of an
ultrasonic source not immersed in liquid
must be avoided at all costs. For protec-
tion against high frequencies, the ultra-

sonic apparatus should be operated in a
sound-proof box. It may be necessary
for workers to wear ear protection.

Homogenisation by high-pressure press:

Large volumes are homogenised by a
high-pressure press (Figure 15). With
such presses, the cell suspension is fed
by pumps under high pressure through a
nozzle. The sudden pressure drop after
the nozzle causes the cells to disrupt.
This is reinforced by contact with the
impact plate. With Containment Level 2
and higher, either in-line operated,
closed units or individual units under a
fume hood with sterile filtration of the
exhaust gas must be used

Homogenising head

Homogenised
product e—

Product
inlet

Figure 15: High-pressure homogeniser
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Sealing unit

Condensate

7. Technical equipment

Abiotechnology installation must assure
the safe handling of biological agents. To
achieve this goal, a plant must meet the
following requirements:

- Sterilisability

- Leak-proof

- Aseptic mode of operation (protec-
tion against contamination of sur-
roundings as well as of product)

- Easy to clean

- Resistance to chemicals

For the implementation of these require-
ments, equipment with special construc-
tional features is available.

Technical measures for product protec-
tion contribute to the goal of safe opera-
tion of a plant.

7.1 Constructional features

Al surfaces of the installation in contact
with the product must be sterilisable. For
this reason, certain features must be
taken into account as far as construction
is concerned. These are exempliified by
the following:

- Avoidance of gaps and dead spaces
- Venting

- Drainage (e.g. condensate removal)
- Sloping pipes

- Surface quality

Gaps and dead spaces

Contaminated medium residues could
remain behind in narrow gaps and dead
spaces. Microorganisms i these
residues can survive a sterilisation

process. Air pockets render a sufficient
heating or sterilisation of the medium
residues more difficult. The influence of
air inclusions in a steam sterilisation is
clearly shown by Table 14, p. 62. An air
inclusion of, e.g. 30 vol% leads to a maxi-
mum attainable sterilisation temperature
of 110°C. Only a ten-fold prolongation of
the sterilisation time at 110°C would
ensure safe inactivation of contaminants
(see example of Bacillus stearother-
mophilus, Figure 37, p. 63).

Installations and fittings should thus be
constructed free from gaps and dead
spaces. However, for technical reasons,
this requirement cannot be met in all
cases. If gaps or dead spaces cannot be
avoided, they should be constructed as
large as possible.
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7.2.2 Seals with dynamic action
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7.5 Valves

oty samants 30 paosd on s
s e i > e o 31
it Thar st o 5 oo
i s i et sch comans
Vs i st . s s 0
e et Exas Aot o
oo cpes.

In sonk i bsogas sges of e
G s s v 4 1
o e 3y it e
e i st ot o

ek e ity o
dea Spsces. Ty . sy o eam
i ang s o e by s
Wi el e o,
a ca sasly n 0 of e v
oy Too comnte s
gl dophvagr aes - he sris
saa e 2,

Figurs 22:Diptragm vtve

et type vaves
Bolowsype vaes i agang: he
amospher ey el . Gechv
e Tney 34 ity o o e
s and LA s . e
oy 21 squppes it sty 37 bl
o s poseee goss el pre
e o e e o b o0
i can s ks 7 ke i e

Figurs 25 Belaws type vave

o Thar et 8 sl s o e
Saamant s s e e 74

Figue 2 Bal vl

ot

Examplesol
e

“

Functon  Festues

piton vatvas
o i e e b e

ot s melaton. Gave
Somor o an o ot
Gt ot o« Tll et &
e o et pssble
i 4t s o o P o
e e anger f conaminten, ot
Sicr s sartacton 15 comalgitad
e as,

Figurs 25: st vaee

appicston sroa





image61.jpeg
7.6 Venting systems
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7.8 Steam seals
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7.10.2 Pressure gauges
arsa, 3 saptagm prscsurs Geuge  The pessuts i & ysen o in e sipe
s 35 it W e ton i secaies 5 e saprisan a3
ol e o s o s 1 e

Tioe daprae
P

P

Dlopragn pressure gauge e rom desd spaces

7.10.3 Temperature sensors
o e sy sy a4 e e
s ot T sanrs o 44 58 o s i
areros 0 3 prsebe e cpen

o e T st e 5

7.10.4 Flowmeters
Sy b ot v 1a ils 08 pradi s - Ty S
e o o o i s s s
Sl s W ot b

58

e scision

2

Flaurs 368 et flowmetr b Hass fowmeter

7.10.5 Weight measurement, liquid level
measurement

e s o el comr o b s sl ol o 00 e

ki 5 s cale 113 Mmoo, 49 > e and i

N o 1 U e Ve s subc 1o oxanas
soown st

s 3nge 103 e 5 cosel. T

7.10.6 Exhaust gas measuromont
et Fo e e,
[N A ekl e e





image67.jpeg
8. Inactivation
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11. Organisational and personal
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6.2 Dispersion by human agency

Many ordinary operations can foster the
spreading of biological agents, for
example the dispersion via clothes (lab-
oratory coat, shoes), laboratory equip-
ment etc. Even if gloves are wom, con-
tamination may occur through  direct
contact

llustrative examples of contact of the
hand are

« the face (especially eyes and mouth;
biting of finger nails)

« the urogenital area after using the WC
« other persons

« objects (telephone, door handle, pen,
switch).

34

In microbiological safety cabinets in
which open cultures are handled, for
example the electrostatic charges on
some plastic materials, can attract
droplets and thus bind germs on their
surface

The mechanisms of infection by direct
contact are described in Section 3.

7. Safety in the laboratory

7.1 General principles concerning the

control of risks

For the control of risks in work with bio-
logical agents the primary measure is to
select a biological agent for work that
offers the least risk among all suitable
and accessible agents. This principle
needs also to be applied in connection
with the effect on the environment.

Every concept of safety must additional-
Iy meet the following general principles:

« The decision to apply a safety policy
implies active cooperation of the man-
agement at all levels.

« Protection against occupational haz-
ards can only be attained through suf-
ficient information and transparency of
production processes. It is also impor-
tant to gather precise information
about the circumstances and causes
of accidents and incidents and to for-
ward it to all staff concerned in order
to prevent continuation of a risk situa-
tion through lack of information.

Sufiicient knowledge of occupational
hygiene, health protection and occu-
pational safety is necessary for staff at
all levels. All new employees must be
instructed and trained on the control
of general and specific risks before
commencing work and  regularly
thereafter. In addition, it is necessary
to keep information up to date, partic-
ularly before the introduction of, for
example, new methods, equipment,
biological agents or chemicals as well
as after accidents. Special importance

should be attached to the instruction
of students and trainees in regard to
safety at work and in good laboratory
practice.

Al research programmes, from the
very beginning, should include princi-
ples for the prevention of occupation-
al risks and integrate safety and
health protection at work and the pro-
tection of the environment (e.g. con-
cerning the disposal) as a goal.

Aside from biological risks there are
those which are connected to the use of
equipment, chemicals, radiation etc.
Later sections of this booklet also deal
with such risks. Concerning these dan-
gers as well as those in the area of bio-
logical agents all laboratories, in both
the public and private sectors, must
comply to all relevant laws of the indi-
vidual states and should respect the
technical guidelines to maintain safety
and health protection. The rules and
examples given in this booklet outiine
the requirements to meet the objectives.
However, diverging measures can result
from the risk assessment and evaluation
which the laboratory operator has to
perform and document periodically.

The maintenance of safety and health
protection at work is at the same time
also an important element of quality
assurance. For this reason international
standards concerning quality assurance
refer to occupational safety repeatedly.
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7.2 Laboratory equipment

Safety requirements for laboratories are
specified as indicated by the routes of
infection described in Section 3 as well
as today’s knowledge of risk in use of
biological agents. These are known as
Containment Levels 1 to 4, correspond-
ing to Risk Groups 1 to 4. The interna-
tional guidelines are based upon the
principle of graduated containment mea-
sures for the laboratory equipment.
They include primarily precautions
against the dissemination of the biologi-
cal agent into the working environment,
further the transmission to workers, and
finally limit the accidental dissemination
into the general environment.

These guidelines including the classifi-
cation of biological agents are generally
applicable. They should assist in deter-
mining the minimum standard of labora-
tory equipment and services. It is then
necessary to examine in detail the char-
acteristics of the biological agent (path-
ogenicity, virulence, mode of transmis-
sion etc.), apart from the procedures put
in place and the risk of transmission dur-
ing the course of those procedures (for-
mation of aerosols etc.)

Biological agents of a defined Risk
Group may only be handled in a labora-
tory of the corresponding or a higher
Containment Level. Corresponding to
the risk assessment additional mea-
sures must be taken and a laboratory of
a higher Containment Level must be
used.

This exigency applies, for example,
when it is suspected that the material
under investigation belongs to  higher
Risk Group or other circumstances exist
which increase the risk as in the case of
samples which probably contain
unknown  biological agents of higher

36

Risk Groups, such as samples from
hospitals or during enrichment of biolog-
ical agents from media like sludge. On
the other hand there may be specific
exemptions from requirements for labo-
ratory equipment through governmental
or multilateral regulations concerning
the handling of certain biological agents
whose transmission through aerosols
is very unlikely (e.g. HIV, HBV).

The following Table 4 summarises the
minimal equipment requirements for the
various Containment Levels. The mea-
sures advocated here are aimed at
assuring the protection of workers
against human pathogens. Special mea-
sures are required for the use of plant or
animal pathogenic biological agents. For
Containment Level 1 laboratories the
requirements are not higher as those
generally applicable to chemical and
biological laboratories. Although this
booklet is not concerned with biological
agents of Risk Group 4, some of the
measures applicable at Containment
Level 4 are mentioned to illustrate the
increasing character of such measures.
Those national regulations that are addi-
tional to these requirements must also
be strictly respected. International
quidelines can also become applicable
in certain situations.

Figure 19: A laboratory in Containment Level 3 (schematic)

W
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7.2 Laboratory equipment

Safety requirements for laboratories are
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Risk Groups, such as samples from
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ical agents from media like sludge. On
the other hand there may be specific
exemptions from requirements for labo-
ratory equipment through governmental
or multilateral regulations concerning
the handling of certain biological agents
whose transmission through aerosols
is very unlikely (e.g. HIV, HBV).

The following Table 4 summarises the
minimal equipment requirements for the
various Containment Levels. The mea-
sures advocated here are aimed at
assuring the protection of workers
against human pathogens. Special mea-
sures are required for the use of plant or
animal pathogenic biological agents. For
Containment Level 1 laboratories the
requirements are not higher as those
generally applicable to chemical and
biological laboratories. Although this
booklet is not concerned with biological
agents of Risk Group 4, some of the
measures applicable at Containment
Level 4 are mentioned to illustrate the
increasing character of such measures.
Those national regulations that are addi-
tional to these requirements must also
be strictly respected. International
guidelines can also become applicable
in certain situations.

Figure 19: A laboratory in Containment Level 3 (schematic)
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Table 4: Overview of the required safety measures concerning rooms and
equipment of laboratories

Safety measures Containment Levels
2 £l

Measures applicable to buildings and sites

Biohazard sign Yes

Separation of laboratory and safety  If
area from any other activities inthe  applicable®
same building
Windows Kept closed |
during work

Access Is to be restricted to Authoriza-
nominated persons only tion
necessary

Equipment for personnel washing  Wash basin
and decontamination in laboratory Wi
and
disinfection

Workplace is to be sealable to Not
permit disinfection necessary
Input air and extract air to the Not

workplace are to be filtered usinga  necessary
high efficiency particulate filter or a
comparable equipment

An observation window or Recom-
alternative is to be present so that  mended®
occupants or animals can be seen

The workplace is to be maintained at Not
an air pressure negative to atmosphere necessary

38

Containment Levels

Safety measures

Laboratory equipment

Microbiological safety cabinets Yes®
Infected materials, including any Yes, if
animal, is to be handled in a necessary

microbiological safety cabinet or
isolator or other suitable

containment

Alaboratory is to contain own No
equipment

Surfaces must be impervious to Yes, work
water and easy to clean surfaces

Surfaces must be resistant to acids, Recom-
alkalis, solvents and disinfectants ~ mended®

Sterilisation capacity In
laboratory
orin
building

Organisational measures
Microorganism-specific disinfection
procedures must be available

Safe storage of biological agents

Efficient vector control,
e.g. rodents and insects

Wastewater must be collected
and sterilised

Disposal of biomass

2 ustied by sk asssment
Sae Secton 9 on microbilogical saety cabinets
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Idedlnym konstrukénym materidlom je
sklo, ktoré je vhodné najmi pre konstrukciu
laboratérnych a mensich poloprevadzkovych
bioreaktorov. Sklo je odolné proti kyslym a
zasaditym prostrediam a nie je toxické. Nage
skla (Simax) umoziiuju pouZit’ pretlak do 750
kPa a teploty bezne do 150 °C. Nepripustné
su v3ak tepelné a tlakové razy, ohrev pri ste-
rilizacii musi byt’ pozvolny.




